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Dizziness and vertigo are symptoms related to peripheral vestibular disorders. These 
are among the most common complaints in medical offices, and knowledge of the 

major diseases affecting this system is of fundamental importance to the specialist 
in otolaryngology. In recent years, great advances have been made in otoneurology, 

which, coupled with increasing knowledge in the field of neurosciences, have 
substantially modified the approach of the patient with balance complaints. This book 

studies the most polemic of these vestibular diseases, the Meniere’s disease.
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Preface

Ménière’s disease is an alteration of the inner ear characterized by two groups of symp‐
toms: vestibular symptoms and auditory symptoms. Classical symptoms such as fluctuat‐
ing hearing loss, tinnitus, atrial fullness, and concomitant dizziness greatly aid the
otorhinolaryngologist to diagnose carriers of the disease. But in many patients, their pre‐
sentation may be different.

In this book, we will adopt the term Ménière’s disease to follow the prevailing trend among
most research groups and discuss the main topics, current and past ideas about etiopatho‐
genesis, diagnosis, and treatment of Ménière’s disease and Ménière’s disease associated
with migraine.

It is likely that there are genotypic—racial, as well as phenotypic—environmental factors
that influence the prevalence difference between countries. One of the major problems in
this respect is that the initial presentation of the disease is often the cochlear form, which is
not clinically recognized, and is again attributed to another specific cause or is presumed to
be simply due to aging. Even after the vestibular component becomes obvious, long periods
of remission may mask the complete final image of the syndrome with episodic vertigo,
fluctuating autistic loss, tinnitus, and aural fullness. Therefore, generally in clinical practice,
only moderate to severe cases are tabulated in the estimates so far.

Some of the epidemiologically published studies to date have tended to blend different epi‐
demiological concepts. The direction of these studies is mainly retrospective (the themes are
identified after a result or illness), and they actually measure only prevalence (existing
events or the number of cases of a disease at a given moment divided by the population at
risk). Only prospective studies (subjects are identified before a result or illness; future events
are counted) would have the power to adequately measure this incidence. Although more
reflective of real life than an artificial experiment, retrospective observational studies are
susceptible to bias.

The multiplicity of diagnostic criteria is another problem that makes it difficult to establish
the true incidence of Ménière’s disease in the general population. In 1972, the Committee on
Hearing and Equilibrium of the American Academy of Otolaryngology-Head and Neck Sur‐
gery (AAO-HNS) proposed a specific definition of the disease and guidelines for the evalua‐
tion of Ménière in communicating treatment results. In 1985, it was considered that the
definition of Ménière’s disease needed to be restricted to cases with a complete set of classic
signs and symptoms. The 1995 criteria were intended to simplify the definition of Ménière’s
disease and allow greater flexibility, making it usable in a wide range of studies and classifi‐
cations. A minimum set of signs and symptoms must be filled in such a way that the degree
of certainty of the diagnosis can be established.



Currently, there is no universally accepted theory about the pathophysiology of do-ence.
Through histopathological studies, it is presumed that endolymphatic hydrops is the most
descriptive pathological characteristic of Ménière’s disease. The pathophysiology of the
symptoms is still disputed: ruptures of membranes, increased pressure and mechanical dis‐
placement of the peripheral organs as the saccule by endolymph accumulation, viral infec‐
tions, and autoimmune disease in addition to several other theories that have already been
reported. It can be seen that in this scheme currently accepted endolymphatic hydrops is no
longer a central etiology but rather as one of the manifestations of the syndrome. And the
exact mechanism of the etiopathogenesis of the syndrome remains unknown. It is believed
that a multifactorial inheritance is the best response, in which the necessary conditions are
met to lead to malabsorption of the endolymph and, subsequently, to dropsy. Clinical and
laboratory evidence supports this concept.

Dr. Fayez Bahmad Jr
Health Science Faculty of the University of Brasilia

The Brasiliense Institute of Otolaryngology
Brasilia, Brazil
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Dizziness and vertigo are symptoms related to peripheral vestibular disorders. These are 
among the most common complaints in medical offices, and knowledge of the major diseases 
affecting this system is of fundamental importance to the specialist in otolaryngology. In 
recent years, great advances have been made in otoneurology, which, coupled with increas-
ing knowledge in the field of neurosciences, have substantially modified the approach of the 
patient with balance complaints. This book studies the most polemic of these vestibular dis-
eases, the Meniere’s disease.

Since 2009, the Bárány Society, an international society of otoneurology, has standardized the 
nomenclature of vestibular symptoms (SV) in four groups: one of the most important is the 
episodic vestibular syndrome: crises of vestibular symptoms interspersed with asymptomatic 
periods, such as Menière’s syndrome and vestibular migraine [1].

Ménière’s disease is an alteration of the inner ear characterized by two groups of symptoms: 
vestibular symptoms and auditory symptoms. Classical symptoms such as: fluctuating hear-
ing loss, tinnitus, atrial fullness, and concomitant dizziness greatly aid the otorhinolaryn-
gologist to diagnose carriers of the disease. But in many patients, their presentation may be 
different [1, 2].

The course of the disease may be progressive or nonprogressive, and in addition to the typical 
clinical presentation of Ménière’s disease, two variants of the disease were identified:

1. Meniere’s disease Cochlear—symptoms predominantly hearing.

2. Vestibular Ménière’s disease—predominantly vestibular symptoms.

And in the literature can still be classified by some authors in two subgroups:

1. Ménière’s syndrome symptoms of Ménière’s disease caused by a known and well-established 
condition.

2. Meniere’s disease idiopathic cause.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



In this book, we will adopt the term Ménière’s disease to follow the prevailing trend among 
most research groups and discuss the main topics, current and past ideas about etiopatho-
genesis, diagnosis, and treatment of Ménière’s disease and Ménière’s disease associated with 
migraine.

It is likely that there are genotypic—racial, as well as phenotypic—environmental factors 
that influence the prevalence difference between countries. One of the major problems in this 
respect is that the initial presentation of the disease is often the cochlear form, which is not 
clinically recognized, and is again attributed to another specific cause or is presumed to be 
simply due to aging. Even after the vestibular component becomes obvious, long periods of 
re-mission may mask the complete final image of the syndrome with episodic vertigo, fluc-
tuating autistic loss, tinnitus, and aural fullness. Therefore, generally in clinical practice only 
moderate to severe cases are tabulated in the estimates so far [1–3].

Some of the epidemiologically published studies to date have tended to blend different epi-
demiological concepts. The direction of these studies is mainly retrospective (the themes are 
identified after a result or illness), and they actually measure only prevalence (existing events 
or the number of cases of a disease at a given moment divided by the population at risk). 
Only prospective studies (subjects are identified before a result or illness, future events are 
counted) would have the power to adequately measure this incidence. Although more reflec-
tive of real life than an artificial experiment, retrospective observational studies are suscep-
tible to bias [4].

Diagnostic failures: The multiplicity of diagnostic criteria is another problem that makes it 
difficult to establish the true incidence of Ménière’s disease in the general population. In 1972, 
the Committee on Hearing and Equilibrium of the American Academy of Otorhinolaryngology 
(AAO-HNS) proposed a specific definition of the disease and guidelines for the evaluation of 
Ménière in communicating treatment results. In 1985, it was considered that the definition 
of Ménière’s disease needed to be restricted to cases with a complete set of classic signs and 
symptoms. The 1995 criteria were intended to simplify the definition of Ménière’s disease 
and allow greater flexibility, making it usable in a wide range of studies and classifications. A 
minimum set of signs and symptoms must be filled in such a way that the degree of certainty 
of the diagnosis can be established [4].

Etiopathogeny: Currently, there is no universally accepted theory about the pathophysiology 
of do-ence. Through histopathological studies, it is presumed that endolymphatic hydrops is 
the most descriptive pathological characteristic of Ménière’s disease. The pathophysiology of 
the symptoms is still disputed: ruptures of membranes, increased pressure and mechanical 
displacement of the peripheral organs as saccule by endolymph accumulation, viral infec-
tions, and autoimmune disease in addition to several other theories that have already been 
reported. It can be seen that in this scheme currently accepted endolymphatic hydrops is no 
longer a central etiology but rather as one of the manifestations of the syndrome. And the 
exact mechanism of the etiopathogenesis of the syndrome remains unknown. It is believed 
that a multifactorial inheritance is the best response, in which the necessary conditions are 
met to lead to mal absorption of the endolymph and, subsequently, to dropsy. Clinical and 
laboratory evidence supports this concept [1–4].
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Abstract

This chapter will discuss the current knowledge of the mental health and wellbeing 
impact of Ménière’s. To date, our understanding is limited, with small sample sizes, 
no controls, and the inability to account for confounding factors. Our work in the UK 
Biobank aimed to further our understanding of the impacts of Ménière’s at the popula-
tion level.
Secondly we will consider the patient perspective of what it means to live with Ménière’s. 
This is essential to develop appropriate healthcare pathways and ensure patients are able 
to lead fulfilling lives. There is very limited information about how the patient experi-
ences and makes sense of the disease (or not) - including its triggers and physical sensa-
tions - in everyday life.
Our findings suggest that Ménière’s adversely impacts on mental health, an individu-
al’s emotional state and their life satisfaction. We demonstrate the complex processes of 
adjustment (physical, social and emotional) following a diagnosis of Ménière’s. Although 
a cure is not currently available, our study illustrates that much can be learnt from the 
adaptation strategies developed by long-term sufferers in order to help individuals with 
new diagnoses; an experience that is both daunting and disruptive to patients’ everyday 
lives.

Keywords: Ménière's disease, UK Biobank, Qualitative, mental health, well-being, 
interdisciplinary

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1. Introduction

Ménière's disease is a complex multifactorial disorder of the inner ear, consisting of sev-
eral concurrent symptoms (e.g. aural pressure, hearing loss, tinnitus and vertigo). Patients 
with Ménière's range from minimally symptomatic highly functional individuals to severely 
affected disabled patients. Each of the main triad of Ménière's symptoms can impact on qual-
ity of life. Tinnitus may be associated with sleep disturbance, depression, irritability, reduced 
concentration and auditory difficulties [1]. Hearing loss can result in communication difficul-
ties, which can cause problems in work and social life. Vertigo is known to cause anxiety and 
restrict physical and social activities, therefore significantly impacting on patients’ health and 
well-being [1]. Vertigo is often considered to be the most detrimental and debilitating symp-
tom of Ménière's [2].

Research on the mental health and well-being impact of Ménière's disease is limited. Moreover, 
quantitative studies in this area are negatively influenced by small sample sizes (often with 
fewer than 500 participants), a lack of groups to compare the mental health impacts with (i.e. 
no control groups), and an inability to account for confounding factors. Furthermore, our 
understanding of how the mental health impact of Ménière's may shift over time is partial 
at best.

The patient perspective of what it is like to live with this disease within the context of their 
day-to-day life is critically important for developing appropriate healthcare pathways and 
ensuring that patients are able to lead as fulfilling lives as possible [3]. While some studies 
have considered the adverse impact of Ménière's on quality of life, along with patients’ per-
spectives regarding triggers and symptoms of the disease [4], there is very limited informa-
tion about how patients experience and manage the disease (or not), including its triggers and 
symptoms in everyday life. In addition, we are currently unaware of the role that other people 
may play in this process [5–7] or how these issues impact on the sense of mental health and 
well-being amongst people with Ménière's.

This chapter will build upon existing research in this area, describing a comprehensive, multi-
layered two-phase analysis of the impact of Ménière's on patients’ mental health and well-
being. First, epidemiological analysis from the most powerful Ménière's resource currently 
available (the UK Biobank, www.biobank.ac.uk) will provide insights on the mental health 
and well-being impacts of Ménière's at a population level (Phase I). Secondly, qualitative 
research (Phase II) will provide deeper insights into patients’ experiences of living with and 
negotiating the triggers and symptoms of Ménière's disease on a day-to-day basis, including 
the role of significant others in this process.

2. Ménière's and mental health at the population level

In Phase I, the UK Biobank dataset was utilised to understand how Ménière's influences men-
tal health and well-being at the population level. This study contained 1376 individuals with 
self-reported Ménière's and included comprehensive phenotypic data (e.g. anthropometric 
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This chapter will build upon existing research in this area, describing a comprehensive, multi-
layered two-phase analysis of the impact of Ménière's on patients’ mental health and well-
being. First, epidemiological analysis from the most powerful Ménière's resource currently 
available (the UK Biobank, www.biobank.ac.uk) will provide insights on the mental health 
and well-being impacts of Ménière's at a population level (Phase I). Secondly, qualitative 
research (Phase II) will provide deeper insights into patients’ experiences of living with and 
negotiating the triggers and symptoms of Ménière's disease on a day-to-day basis, including 
the role of significant others in this process.

2. Ménière's and mental health at the population level

In Phase I, the UK Biobank dataset was utilised to understand how Ménière's influences men-
tal health and well-being at the population level. This study contained 1376 individuals with 
self-reported Ménière's and included comprehensive phenotypic data (e.g. anthropometric 
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measures, early life, lifestyle, family history, medical history, general health and well-being 
and diet). The aim of this population-level research was to investigate whether people with 
Ménière's have different mental health and subjective well-being than individuals without the 
condition. The impact of disease duration on mental health and level of subjective well-being 
was also investigated within cases.

2.1. Phase I methods

2.1.1. The UK Biobank, Ménière's diagnosis and mental health

The UK Biobank is a phenotypically rich study of over 500,000 individuals aged between 37 
and 73 years in 2006–2010 [8]. All participants were interviewed by a nurse, who collated 
a list of health conditions for each participant. There were several options for ear/vestibu-
lar disorders, including tinnitus, vertigo, labyrinthitis, Ménière's disease, otosclerosis or a 
generic ear/vestibular disorder. The 1376 individuals who reported symptoms of Ménière's 
disease were selected. An investigation of prescribed medications and key symptom data 
(e.g. tinnitus and hearing loss) was utilised to validate the variable. For each individual 
reporting Ménière's, an age of diagnosis was also available and this was utilised to determine 
disease duration.

The UK Biobank incorporated extensive questions on mental health and subjective well-being. 
A subsection of questions asked participants to record the frequency of depressed mood, 
unenthusiasm, tiredness and tenseness within the 2 weeks prior to recruitment. Further ques-
tions focused on the number and duration of depression episodes over each participant's life. 
Participants rated their overall happiness and their satisfaction with health, work, friends and 
family and finances to provide a range of measures of subjective well-being. Participants were 
also asked to complete the Eysenck Personality Inventory (EPI) [9].

The participants also reported regular prescription medications, and use of the major antide-
pressant class—the selective serotonin reuptake inhibitors (SSRIs)—was monitored.

2.1.2. Statistical analysis

The mental health impact of individuals with Ménière's was compared to the whole control 
population of non-Ménière's sufferers. Linear regression models were utilised to investigate 
whether a diagnosis of Ménière's influenced the frequency of depression, tiredness, tense-
ness or unenthusiasm experienced in the 2 weeks prior to recruitment. Similar models were 
utilised to: (a) investigate how Ménière's influenced subjective well-being; (b) compare the 
frequency of family contact for cases and controls; and (c) examine the longest duration of 
depression in cases and controls.

Logistic regression models were used to investigate the odds of: (a) reporting depression;  
(b) reporting an episode of depression lasting over a week; and (c) utilising SSRIs in Ménière's 
cases compared to controls.

The role of disease duration on mental health and well-being was investigated. Individuals 
diagnosed for 5 or more years were compared to those diagnosed within the past 5 years.
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Models were adjusted for potential confounders, including participants’ age, sex, socio-
economic status, waist circumference, home location (urban versus rural as defined by the 
UK Biobank using the participant’s postcodes and the 2001 census data) and ethnicity as 
covariates. Further adjustment for tinnitus severity was carried out to determine whether this 
symptom significantly contributed to any mental health associations. Personality is one of the 
biggest predictors of happiness [10] and therefore the EPI was included as a covariate in the 
statistical models. All analyses were conducted using STATA/SE Version 12.1 (College Station, 
USA). Statistical significance was denoted by P < 0.05 unless otherwise stated; Bonferroni cor-
rection methodology was utilised where appropriate.

2.2. Phase I results

The demographics of the 1376 Ménière's cases and controls are summarised in Table 1. As 
noted in previous studies, there was a preponderance of females (62% versus 54%). The data 
suggested that individuals with Ménière's had higher proportions of disability benefit than 
controls (5.3% versus 2.2%, P < 0.001) and were more likely to hold disabled badges than 
controls (8.7% versus 3.6%, P < 0.001). Ménière's cases were more likely to be unable to work 

Demographics All MD sufferers All controls

N 1376 501,306

Sex

Male (%) 517 (37.6) 228,677 (45.6)

Female (%) 859 (62.4) 272,629 (54.4)

Mean age at recruitment in years (95% CI) 63.4 (63.0–63.8) 60.4 (60.4–60.5)

Ethnicity (%)

White 1333 (96.9) 471,525 (94.1)

Mixed 7 (0.5) 2951 (0.6)

Asian 14 (1.0) 9869 (2.0)

Black 2 (0.1) 8065 (1.6)

Chinese 2 (0.1) 1572 (0.3)

Other 7 (0.5) 4554 (0.9)

Missing/unknown 11 (0.8) 2770 (0.5)

Household income

Less than £18,000 351 (25.5) 96,874 (19.3)

£18,000–£30,999 319 (23.2) 107,891 (21.5)

£31,000–£51,999 250 (18.2) 110,546 (22.0)

£52,000–£100,000 171 (12.4) 86,124 (17.2)

More than £100,000 34 (2.5) 22,900 (4.6)

Missing/unknown 251 (18.2) 76,971 (15.4)
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because of illness (7.4% versus 3.8%, χ2 P < 0.001), although it should be noted that the large 
majority of individuals did work.

2.2.1. Depression

Participants with Ménière's were at higher odds of reporting:

Doctor diagnosed depression odds ratio (OR): 1.53 (95% confidence intervals (CI) 1.32, 1.70, 
P < 0.001, Figure 1).

A week long period of depression (OR: 1.33; 95% CI: 1.07, 1.65; P = 0.011).

The use of SSRIs (OR: 1.32; 95% CI: 1.01, 1.71; P = 0.041).

Ménière's was associated with longer durations of depression—on average this was 10 weeks 
longer than controls (95% CI: 5.2, 15.2, P < 0.001, Figure 1).

2.2.2. Mental health impact

Ménière's was associated with increased frequency of depression, tiredness, tenseness and 
unenthusiasm in the 2 weeks prior to recruitment, although adjustment for the participant's 

Demographics All MD sufferers All controls

Home location

Urban 1154 (83.9) 427,775 (85.3)

Rural 222 (16.1) 73,513 (14.7)

Disability benefit

None 1155 (85.5) 465,963 (94.0)

Attendance 6 (0.5) 1150 (0.2)

Disability benefit 72 (5.3) 10,810 (2.2)

Blue badge holder 118 (8.7) 17,871 (3.6)

Employment

None 8 (0.6) 2795 (0.6)

Employed or self-employed 534 (39.0) 265,185 (53.2)

Retired 588 (43.0) 160,550 (32.2)

Look after home 50 (3.7) 20,032 (4.0)

Don't work because of illness 101 (7.4) 18,940 (3.8)

Unemployed 16 (1.2) 8817 (1.8)

Voluntary 62 (4.5) 17,481 (3.5)

Student 9 (0.7) 4553 (0.9)

Table 1. Demographics of the 1376 Ménière's sufferers and the 501,306 controls in the UK Biobank.
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neuroticism subscale of the EPI attenuated the regression coefficients with only tiredness 
remaining significant (Figure 2).

Tinnitus, a major symptom of Meniere’s, is linked to mental health. Adjustment for tinnitus 
severity in a subset of the population (n = 168,341), with a similar prevalence of Ménière's 
(0.25% versus 0.27%), attenuated all the mental health associations.

2.2.3. Subjective well‐being

Individuals with Ménière's had lower health satisfaction scores than controls and were on 
average less happy overall. However, there was no difference between cases and controls 
in terms of satisfaction with their family relationships, friendships and financial situation 
(Figure 3). Higher odds of having social interaction with family and friends on a daily basis 
(odds ratio 1.5; 95% CI: 1.3, 1.8, P < 0.001) or 2–4 times per week (1.2; 1.0, 1.4, P < 0.01) was 
noted for Ménière's cases when compared to controls. The frequency of social interaction 
predicted individual satisfaction with friends and family.

Figure 1. Graphic demonstrating the association between Ménière's and (A) depression and (B) the duration of 
depression.
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2.2.4. Disease duration

Within the Ménière's cohort, disease duration was associated with lower levels of depression 
in the 2 weeks prior to recruitment (P < 0.05). Furthermore, individuals diagnosed for more 
than 5 years were at lower odds of visiting a doctor about depression 0.60 (0.41, 0.90) than 
recently diagnosed individuals. Longer disease duration was also associated with improved 
health satisfaction (P < 0.01, Figure 4).

Figure 2. Change in frequency of depression, tiredness, tenseness and unenthusiasm in cases compared to controls. 
Adjusteda accounts for common covariates and Adjustedb includes the EPI.

Figure 3. Differences in well-being in cases and controls. *Work satisfaction only asked in individuals with a job.
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3. Ménière's and mental health at the individual level

Complementing the population-level analyses, Phase II adopted an in-depth qualitative 
approach to understand and contextualise people's experiences of Ménière's in their everyday 
lives. Ethical approval for this phase of the study was secured from the University of Exeter 
Medical School Research Ethics Committee (Approval Reference 13/09/029).

3.1. Phase II method

With the assistance of the Ménière's Society UK, a purposive sample of 20 Ménière's patients 
was recruited from across south west England, focusing on individuals diagnosed by an Ear 
Nose and Throat consultant, reporting symptoms within the previous 12 months (see Table 2 
for sample composition). Purposive sampling allowed information-rich views to be shared 
by individuals at different stages of the condition, offering insights into the variability of the 
condition rather than focusing only on the ‘typical’ or average case [11]. Four participants 
requested that their partners be present during their interviews, offering emotional support 
and also providing valuable perspectives on the shared effort of managing and adapting 
to the onset and progression of Ménière's [12]. A further eight semi-structured interviews 
were undertaken with partners of other participants to examine these shared and relational 
impacts in more detail.

Data collection commenced in June 2015, with interviews lasting between 1 and 3.5 hours, all 
conducted at a time and place of participants’ choosing. A flexible interview guide was devel-
oped to inform the interview process, using open questions and active listening techniques 
to facilitate participant-led, open-ended responses. All of the interviews began by giving par-
ticipants an opportunity to reflect (in their own words) on what was happening in their lives 
when they first started experiencing symptoms and how things had progressed from there. 
Follow-up questions focused on: participant interpretations, perceptions of their everyday 
experiences of the condition; the perceived impacts of the condition on their mental health, 

Figure 4. Scatter plot representing how health satisfaction within the Ménière's sufferers changes with time since 
diagnosis. Regression analysis indicated a significant relationship between overall health satisfaction and disease 
duration (P<0.01).
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Pseudonym Age bracket  
(yrs)

Ménière's  
duration

Unilateral/bilateral 
symptoms?

Employment  
status

Presence of others during 
interview?

Participants with Ménière's

Maggie 51–60 <5 yrs Unilateral Full time –

Nicola 31–40 <5 yrs Unilateral Full time –

Jane 61–70 <5 yrs Unilateral Retired –

Louisa 51–60 <5 yrs Unilateral Full time –

Susan 61–70 <5 yrs Unilateral Retired –

Melissa 31–40 <5 yrs Unilateral Full time –

Tom 41–50 <5 yrs Unilateral Full time –

Debbie 61–70 >5 yrs Unilateral Non-working Husband (Mick)

Becky 31–40 >5 yrs Bilateral Non-working Daughter (toddler)

Dawn 51–60 >5 yrs Unilateral Early retirement –

Angus 61–70 >5 yrs Bilateral Early retirement –

Chloe 51–60 >5 yrs Unilateral Part time –

Yvonne 61–70 >5 yrs Unilateral Early retirement –

Caroline 51–60 >5 yrs Shifting to bilateral Nonworking Husband for last half hour

Jennie 41–50 >5 yrs Bilateral Part time Teenage daughter for last 
half hour

Emily 51–60 >5 yrs Unilateral Nonworking Husband, teenage 
daughter

Richard 61–70 >5 yrs Unilateral Retired –

Elaine 71–80 >5 yrs Unilateral Retired Husband

John 71–80 >5 yrs Unilateral Early retirement Grandson (periodically 
through interview)

Emma 51–60 >5 yrs Unilateral Self-employed –

Participants supporting someone with Ménière's

Karen 62–70 N/A N/A Full time –

David 61–70 N/A N/A Self-employed –

Magda 61–70 N/A N/A Part time –

Matt 61–70 N/A N/A Self-employed -

Sandy 61–70 N/A N/A Retired Wife (Dawn) for last half 
hour

Mick 71–80 N/A N/A Retired Wife (Debbie)

Toby 51–60 N/A N/A Full time –

Tessa 41–50 N/A N/A Part time Daughter (toddler)

Table 2. Sample composition for the qualitative study.
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social roles and identities, friendships and relationships; interactions with the medical pro-
fession; the mechanisms by which they tried to self-manage and adapt to the condition over 
time; and the role of social support in this process.

Interview transcripts were anonymised, checked against the original interview recordings 
and copies sent back to participants for member-checking purposes [13]. After a period of 
data immersion, listening back to recordings and annotating transcripts with initial codes and 
themes, a copy of each transcript and an initial thematic coding framework were uploaded 
to NVivo 10 (qualitative data management software). Each transcript was then subject to fur-
ther thematic narrative analysis [14], with the aim of situating emerging themes within each 
participant's life story, and identifying more subtle, intersecting themes within the data [15]. 
In order to ensure the analysis and interpretations resonated with individuals living with 
Ménière's, the early findings were shared and discussed with members of a Ménière's support 
group in August 2015.

3.2. Phase II results

A key aim of Phase II was to understand more about the adverse mental health impacts 
observed with the onset and progression of Ménière's, and how participants experienced and 
negotiated these impacts during their everyday lives. We explore this further in what follows, 
focusing particularly on the strategies used to adapt to a life of uncertainty in the face of 
Ménière's, and the roles of supportive partners, family and friends in this process.

Recurring throughout participants’ narratives were anxieties linked to the sudden onset of 
symptoms (vertigo in particular), their varying severity and the unpredictable progression of 
the condition [16–18]. The accumulation of these anxieties over time resulted in a significant 
loss of confidence, independence and a deep sense of frustration amongst participants, who 
likened it to ‘driving a car with a dodgy break’ and serving a ‘prison sentence’ with no clear 
release date. Given the limited efficacy of medication or surgery in treating the condition, par-
ticipants (and their families) felt powerless in many respects, with even long-term sufferers 
describing it as ‘an alien being’ sitting in the body. Throughout participants’ interviews, it was 
apparent that the process of adjusting to life with Ménière's was experienced as a steep and 
emotionally challenging learning curve, often requiring significant compromises to everyday 
practices and pleasures.

Participants described lifestyle shifts made in an effort to regain some semblance of control 
over Ménière's, be they diet-related, or focused more on physical activity, rest and relaxation. 
Some of these were in response to recommendations from their Ear Nose and Throat con-
sultants (e.g. reducing salt, caffeine and alcohol), whereas others were strategies they had 
identified through trial and error in the process of learning to ‘read’ their body as the condi-
tion progressed. These included, for example, the use of specific vitamin supplements, pos-
tural adjustments, finding activities that would build their core strength without aggravating 
symptoms (e.g. modified versions of yoga, pilates, tai chi) and maximising sleep and rest 
where possible. However, participants warned against being overly simplistic in drawing 
links between stress, relaxation and vertigo severity. Many identified occasions when they 
had been under significant stress and not had a vertigo attack, or at their most relaxed and 
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still had an attack. As such, although participants engaged in efforts to minimise stress and 
maximise opportunities for rest and relaxation, they indicated these stress pathways to be 
complex, inconsistent and intertwined with other factors going on in their lives at the time.

Managing anxiety was highlighted as particularly challenging, even amongst those who 
had lived with the condition for over 10 years, with many describing a ‘shrinking world’, 
loss of spontaneity and sense of isolation. While participants perceived varied potential in 
counselling, cognitive behavioural therapy and mindfulness interventions, many called for 
improved access to tailored psychological support from therapists able to appreciate and 
work with the tangible physical underpinnings of their anxieties. Some conveyed a ‘ride the 
storm’ mentality, combining determination with careful contingency strategies in order to 
cope with the unpredictability of the condition. These participants often described strate-
gies used to distract themselves during less acute, but nonetheless destabilising, stages of 
an attack, be it watching the clouds through the bedroom window, listening to the radio or 
taking comfort from the companionship of a quiet cat or dog (reflecting wider literature on 
the value of companion animals in coping with long-term chronic illness [19, 20]).

Debbie: ‘I find having a dog helps, especially this one… I find that touching her does make me feel 
better… it makes me feel like life's worth living really… She lays still – if she was jumping about I 
wouldn't be able to stand it, but she seems to sense when I’m not very well and she stays so close to me 
and still that it does make a difference’.

Contingency strategies ranged from keeping anti-sickness medication in every pocket/bag, 
carrying sick bags, tissues, a torch (in winter with shorter hours of daylight), using ear defend-
ers (in noisy settings), wearing sunglasses (to avoid bright light triggers, particularly those 
living with Ménière's and migraine) and wearing a medical bracelet to convey their emer-
gency contact details if out alone. Perhaps the most important contingency strategy discussed 
by participants was the role of a reliable support network, be it partners, family or friends, as 
illustrated in the extract from Dawn's interview below.

Dawn: ‘You don't ever feel like “Oh I’m better now, I'll move on.” Not completely. There's a little, 
small percentage of you that's thinking, “Am I going to be okay doing this?”… I have to have a back‐up 
plan. Like, my back‐up plan now is that I’ve trained my husband to actually have his mobile phone with 
him all the time, which is a massive breakthrough, trust me!’

Once ‘rescued’ and brought back to the familiarity of home (described by one participant as 
their ‘cave’), participants explained that they preferred to be left alone to ride out the attack, 
knowing that someone would be there if needed. In part, this links to feelings of social embar-
rassment about one's physical state during an attack, but also to the sense that others cannot 
do much to help at that stage anyway. The increased reliance on partners, family and friends 
to fulfil this support role was upsetting for some participants, particularly when they felt their 
condition was compromising the independence of others as well as their own. As one partner 
commented (the husband of a participant with long-term Ménière's), ‘it's not a disease one 
person gets – if it's a couple, it's a disease that two people get’. Participants, including those 
with Ménière's and the partners interviewed, explained the need to find a balance between 
being stoic whilst also recognising limitations. This is illustrated in the extract from Toby's 
interview below (husband of a participant trying to adapt to bilateral Ménière's).
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Toby: ‘I mean she probably thinks it's bothered me more than it actually has. The bit that bothers me is 
to see her suffering. I don't care that I can't go to a pub or cinema… I really don't care about that. She's 
very stoic, I say this to people – she wouldn't have any gas and air when she had the children. She's a 
right little tough nut… I mean she won't let it beat her. She'll just, you know, she'll do different‐, we'll 
just do different things’.

In this extract, Toby draws on an earlier biographical experience (childbirth) to emphasise 
and show respect for his wife's strength and determination, noting the shared process of find-
ing alternative activities to do together that better accommodate the needs of the condition. 
Although this was recognised as difficult in particularly active phases of vertigo, several par-
ticipants described positive examples, including going on outdoor walks, finding quiet pubs/
restaurants for lunch or dinner (sitting outside weather-permitting or eating early indoors to 
avoid crowds and noise), people watching by the coast and visiting nature-based/heritage 
attractions at quiet times of the day/year. Although this process of finding compensations—
be it alone or with a partner, family or friends—often took time, it was deemed particularly 
important amongst longer-term sufferers:

Emma: ‘With the gap that's created by perhaps not being able to do what you would normally do, try 
and fill it with something else that brings you happiness and pleasure… I’ve done loads of sewing… and 
I make these little bags – this is my therapy – I like to have something to show for my day… I’ve chosen 
fabrics which are nice and tactile, and in fact I’ve got a delivery coming today of really amazing bright 
coloured velvets with velvet silk!’

Finding these personal ‘havens’ [21] sometimes required significant (and ongoing) shifts in 
aspirations and outlook over time, with participants coming to value pleasures and activities 
they had previously taken for granted. This is indicated in the interview extract below from a 
participant who had lived with severe symptoms for over 12 years:

Emily: ‘I was sort of going along, going along, going along, going along, and then somewhere along 
this path, I thought “Hang on, we don't do anything. I haven't got a life”. I, I, I existed, but I hadn't 
got a life… But now we have found little places where we can go, so we have got a bit of a life now’.

The importance of ‘counting blessings’ came through as particularly important in the interviews 
of longer-term sufferers. Participants talked about trying to focus on the ‘good’ things in their 
lives, making the most of remission phases and cherishing the support networks they have in 
place to co-navigate the condition. This is conveyed in the extract from Becky's interview below; 
Becky had lived with Ménière's since she was 17 years old. In her early thirties at the time of the 
interview, and having recently become a parent, she described the changes in her attitude to the 
condition since starting to experience bilateral symptoms of tinnitus and imbalance:

Becky: ‘I’ve changed so much in how I’ve dealt with it. Because before I would have been like, “Oh just 
get on with it!” to other Ménière's people, you know, “I did”. But now I completely understand how 
devastating an illness it can be… So I just, I’m grateful for each day of normality… I still appreciate 
living in the now, and living when like my balance is good, and my hearing is good, and the tinnitus 
isn't so bad… just very much, counting my blessings… focusing on what's good rather than what 
might happen’.

Several participants used hope to maintain a sense of morale during the most challenging 
phases of the condition, particularly with regards to the potential for future medical and 
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technological advances (e.g. stem cells, refined hearing aid and directional microphone tech-
nology, etc.) to bring greater understanding of, and predictability to, their condition. Indeed, 
two participants expressed a reluctance to undergo any of the (albeit limited) surgical pro-
cedures currently available for fear of compromising their eligibility for any better, more 
appealing options emerging further down the line. This touches on the recognition in the 
wider long-term illness literature that ‘absolute faith in medicine may be problematic, pro-
hibit change and be constraining to live by’ [22]. As such, it seems important for participants 
to find a balance between taking comfort from those hopes while also allowing themselves 
to use all the resources available in the present to fully accept and adapt to their current 
situation.

4. Discussion

Our research demonstrates that the unpredictable and disabling symptoms of Ménière's result 
in sufferers experiencing prolonged periods of depression. In addition, it provides insight 
into how this is experienced in the context of everyday life. We strengthen and extend the evi-
dence from a number of studies suggesting the adverse mental health impact of Ménière's [1, 
2, 23], while also supporting previous evidence regarding the impact of Ménière's on fatigue, 
tenseness and unenthusiasm [23]. The importance of tinnitus severity and mental health out-
comes was also highlighted.

Ménière's was strongly associated with lower health status satisfaction. This was unsurpris-
ing given the unpredictable nature of the condition and the known association with depres-
sion. Indeed, many of our participants lived with an ongoing sense of anxiety as symptoms 
caused their body to ‘dys-appear’, or emerge problematically into direct consciousness [24]. 
Moreover, this occurred in ways that were not only unpredictable but also uncontrollable. 
Losing control over a body that, prior to the onset of symptoms (severe or otherwise), had 
become disciplined and predictable through acts of routinised self-regimentation (working, 
exercising, eating, socialising and so forth—without the need for careful and strategic plan-
ning) further contributed to mental distress [25].

The similarity in other life domains between people with Ménière's and controls, including 
satisfaction with family, friends and financial status, is particularly noteworthy. It might be 
anticipated that because of their condition people with Ménière's would be less satisfied with 
all aspects of their life. However, previous work on other chronic health conditions has sug-
gested that people do not always rate their quality of life as badly as healthy people might 
anticipate [26]. Further some studies have demonstrated small differences in reported life sat-
isfaction or happiness between people with serious physical disabilities and ‘normal’ control 
subjects [27]. One explanation for this might be found in our participants’ accounts of learning 
to find joy and happiness in activities that formed the fabric of their daily life, but had previ-
ously been taken for granted. Included here was the realisation of unwavering support and 
in some instances, new found closeness with the people around them. Indeed, the data sug-
gested that individuals with Ménière's had more contact and satisfactory relationships with 
family and friends.
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In day-to-day life, people with Ménière's can feel isolated, afraid, dependent and on some 
occasions embarrassed. Yet, reflecting previous literature on chronic illness [21], our research 
highlights the value of support networks and suggests they may enable people with Ménière's 
to live satisfying lives. We would, therefore, emphasise the importance of not just informing 
friends and family about the condition, but educating them on how they might best assist 
during its various manifestations. This might range from being mindful of inclusive forms of 
communication for those with impaired hearing, to supporting from afar during an attack. 
Aasbo et al.'s [28] concept of ‘biographical we’ is useful here in helping to understand the 
great effort partners of chronically ill put in to re-establish normality and continuity in every-
day life; effort, that as our research signalled, can come at a cost of their own needs being 
overlooked. ‘Ménière's is a disease that two people get’ and this aspect warrants greater con-
sideration as part of the broader patient treatment pathway.

Improvements in the frequency of depression episodes and health satisfaction were noted as 
disease duration increased. This may reflect the disease progression pathway, which usually 
involves a reduction in the number of vertigo attacks experienced by individuals as the dis-
ease progresses [29]. Our participants’ improved ability to read their bodies and recognise 
signs of an impending attack suggests the development of Ménière's literacy. Borrowing from 
the concept of interactive health literacy, whereby individuals develop an improved capacity to 
act independently on knowledge with motivation and confidence in an empowered way [30], 
Ménière's literacy supports adaptation by individuals to their condition and/or medical inter-
ventions and lifestyle changes reducing the frequency of vertigo attacks. Given that vertigo is 
considered to be the most detrimental symptom in Ménière's [2], reductions in vertigo sever-
ity should, therefore, improve mental health and well-being. All of this is not to suggest that 
adaptation diminishes the ongoing sensory, emotional and social challenges that people with 
Ménière's face in their everyday life [16]. Indeed, our research showed that at a population 
level, disease duration did not alter the frequency of tiredness, tenseness or a lack of enthusi-
asm experienced by Ménière's sufferers. While some aspects of Ménière's may improve over 
time and an individual may adapt to some extent, overall it continues to impact negatively on 
everyday life.

5. Conclusions

Our research findings emerged from cross-sectional data. It cannot and does not seek to deter-
mine the causal pathway of Ménière's disease. Our interpretations of the qualitative data are 
shaped as much by the absence of certain voices as they are by the presence of others. To that 
end, it is noteworthy that our sample for Phase II consisted primarily of women (16 female 
patients, 3 female supportive partners), with just four participants experiencing bilateral 
symptoms of tinnitus, imbalance and hearing loss (i.e. symptoms in both ears).

Those limitations noted, the research provides the most comprehensive study of the mental 
health and well-being impacts of Ménière's to date and highlights the adverse mental health 
effects of Ménière's. By utilising the UK Biobank, the inclusion of key confounders and suf-
ficient numbers to investigate the role of disease duration in Phase I has enabled us to offer a 
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unique contribution to the field. Likewise, a combined focus on the individual everyday reali-
ties of living with Ménière's disease provides original insight into how it intersects with men-
tal health and well-being in a number of different ways and across a variety of contexts. While 
offering a holistic and detailed analysis of this subject, the research also provides a working 
example of interdisciplinary, integrated research and the value it can bring to our attempts to 
understand complex health conditions like Ménière's disease in a way that respects the impor-
tance of the big picture, without ignoring the individual ‘expert’ voices of patient experience.
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Abstract

Meniere’s disease is a disorder of the membranous labyrinth of the inner ear manifesting 
as vertigo, tinnitus, sensory neural hearing loss and aural fullness of known or unknown 
origin.  The aim of this chapter is to estimate the prevalence of Ménière’s disease (MD) and 
its relationship with demographic factors, symptoms and conditions that are known. Few 
articles have been published on the epidemiology of Meniere’s disease from 1975 to 1990, 
studies from Japan indicated a fairly constant prevalence of 17 cases per 100,000 population. 
These studies were undertaken by a Research Committee on Meniere’s Disease. Kotimaki 
and colleagues analysed the Finnish population of five million people between 1992 and 
1996. A prevalence of 43/100,000 and an average yearly incidence of 4.3/100,000 popula‐
tion were found by the authors. MD is 1–3 times higher in women than in men and also 
observed a higher prevalence in adulthood and white people. MD seems to be much more 
common in white adults with higher body mass index categories, in their fourth and fifth 
decade. However, in recent years, especially in the last decades, there have been several safe 
and effective medical and surgical therapies for the treatment of the disease and its sequels.

Keywords: epidemiology, prevalence, Ménière, incidence, hearing loss

1. Introduction

Symptom and disease definitions are a fundamental prerequisite for professional commu‐
nication in clinical, research and public health settings. The need for structured criteria for 
epidemiologic, diagnostic and therapeutic research is more obvious for disciplines that rely 
heavily on syndromic diagnosis [1].

Accurate information about the occurrence and impact of balance disorders is also important 
for planning health services that meet the needs of the community they serve. It is essential 
to have a good understanding of the epidemiology of the conditions and their symptomatic 
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presentation in the community. Much literature in this area is based around specialist clinic 
and hospital experience that is likely to be subject to bias [2].

The challenge in diagnosing Meniere’s disease continues, because usually in the early stages, 
only a few symptoms are present. Consequently, there is a difficulty in measuring the inci‐
dence and prevalence of the disease in any population. In the emergency department, it is 
common to see patients with Ménière’s disease (MD) discharged with inaccurate labyrinthitis 
dignitaries after sudden onset of vertigo [3].

Ménière’s disease is characterised by recurrent attacks of vertigo associated with fluctuating 
sensorineural hearing loss, tinnitus and a sense of aural fullness. In 1861, Prosper Ménière 
correctly attributed the attacks to a disorder of the inner ear, suggesting that the mechanism of 
causation could be similar to migraine or inner ear vasospasm, a differential diagnosis which 
is still relevant for the disease today [4].

2. Studies review

Few articles have been published on the epidemiology of Meniere’s disease [3].

Despite the large number of scientific contributions published annually on Meniere’s disease, 
consistent epidemiologic information is sparse. To date, the true incidence and prevalence of 
Meniere’s disease are not known [5].

Table 1 shows some articles published in the literature and the number of patients in each 
study presented.

Author Journal Year Subject

Murdin [2] Otology and 
Neurotology

2015 Studies were eligible for inclusion if they contained data on the 
epidemiology of symptoms of balance disorders (dizziness and 
vertigo) or balance disorders sampled from community‐based adult 
populations. Twenty eligible studies were identified

Simo American Journal of 
Otolaryngology

2015 Described the prevalence of Meniere’s disease in the United States 
between 2008 and 2010 in patients >10 years old. Prevalence was 
highest in Caucasians 91 per 100,000 people

Tyrrell [15] Ear and Hearing 2014 The aim of this study was to estimate the prevalence of Ménière’s 
disease, which was more common in participants who were older, 
white, female and having higher body mass index categories. The 
authors used cross‐sectional data from the UK Biobank to compare 
1376 self‐reported Ménière’s participants

Angulo [13] Acta 
Otorrinolaringológica 
Española

2003 We prospectively collected all patients diagnosed with Meniere's disease 
‘definitive’ between 1992 and 2002 Sierrallana Hospital in Torrelavega 
(Cantabria). The incidence was 3/100,000 cases inhabitants/year 
prevalence of 75/100,000 (29 in men and 46 in women)

Shojaku 
[10]

ORL 2005 They conducted retrospective surveys for the period 1990–2004 of the 
Nishikubiki district and of the period 1980–2004 of Toyama Medical 
and Pharmaceutical University. The average annual prevalence was 
34.5 per 100,000 population
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3. Epidemiology

Although Ménière’s syndrome (MS) has been recognized as a clinical entity since 1861, when it 
was first described by Prosper Ménière, the epidemiology of the disorder is still uncertain [6].

In 1861, Prosper Ménière first described the clinical trial that bears his name. The knowledge of 
cochleovestibular function was primitive. Today, physicians are still grappling with the same 
questions regarding the pathophysiology of the syndrome that perplexed Ménière 145 years 
ago, in the age of high‐resolution imaging, molecular diagnostics and single‐cell physiology [7].

Several epidemiological studies of Ménière’s disease have been performed over the past few 
decades with widely contrasting results. The wide range is likely to result from changes over 
time in criteria for the diagnosis of Ménière’s disease, methodological differences, differences 
in the populations surveyed and difficulty in distinguishing Ménière’s disease from related 
conditions such as migraine‐associated vertigo [8].

Many of the epidemiologic studies have to rely on chart reviews or medical databases, each 
having their own flaws. Data collected during routine clinical care will vary in quality, and their 
interpretation is limited by the consistency, accuracy, availability and completeness of source 
records. Although more reflective of ‘real life’ than a contrived experiment, observational ret‐
rospective studies are susceptible to bias. Although studies of medical databases are relatively 
inexpensive and data often are already organized and computerized, these studies do not elimi‐
nate possible bias, often present high rates of missing data or errors, and have definitions by 
which data are encoded that may change over time (absolutely true in Meniere’s disease) [5].

Published reports of the epidemiology of MS generally fall into two methodological categories. 
Most published studies are retrospective series that start with known cases of MS identified from 
patient records for a given group of hospitals and clinics. The population served by the hospitals 
and clinics then serves as the dominator for calculating incidence and prevalence. This methodol‐
ogy introduces sampling bias in that patients in the population with the disease may not have been 
treated at the hospitals and clinics surveyed for various reasons. Population‐based cross‐sectional 
studies reduce sampling bias by surveying a random sample of the general population [6].

In an effort to improve reporting of disease outcomes and ensure a uniform definition of the 
disease, the American Academy of Otolaryngology—Head and Neck Surgery (AAO‐HNS) 

Author Journal Year Subject

Vrabec [7] Otolaryngology–
Head and Neck 
Surgery

2007 Retrospective review in an academic referral practice. To define 
the prevalence of definite Ménière’s disease (MD) among patients 
presenting with characteristic symptoms and examine the utility of 
published diagnostic guidelines. The prevalence of definite MD in 
these 295 individuals was 64%

Havia [11] Otolaryngology–
Head and Neck 
Surgery

2005 Prospective study based on population register data to study the 
prevalence of Menière’s disease in the general population of Southern 
Finland. The prevalence of 513 of 100,000 persons, but our population‐
based estimate of MD prevalence is much higher than in previous reports

Table 1. Articles published in the literature.
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Hearing and Equilibrium Committee has issued guidelines for diagnosis. The most recent 
version of the guidelines was presented in 1995 [7].

Prevalence is defined as the proportion of individuals in a population having a disease [9].

In 1973, Stahle and colleagues reported a prevalence of 46 cases per 100,000 population. From 
1975 to 1990, studies from Japan indicated a fairly constant prevalence of 17 cases per 100,000 
population. These studies were undertaken by a Research Committee on Meniere’s Disease and 
a Committee on Peripheral Vestibular Disorders. Kotimaki and colleagues reported a preva‐
lence of 43/100,000 and an average annual incidence of 4/3,000,000 inhabitants after analysing 
the Finnish population for a period of 4 years according to the AAO‐HNS recommendations [3].

The study with the highest number of citations examining prevalence of MS in the United 
States was performed by Wladislavosky‐Waserman and colleagues. These investigators 
identified cases of MS by examining medical records from 1953 to 1980 for the Mayo Clinic 
and Olmstead Medical Group, the major healthcare providers for the 40,000 inhabitants of 
Rochester, Minnesota. A prevalence of 218 per 100,000 in 1980 was reported. As Celestino 
and Ralli pointed out, one‐third of patients included in the Rochester study had recurrent 
vertigo without cochlear symptoms and would not meet current criteria for MS. Therefore, 
prevalence was likely overestimated. Also, the population studied was homogeneous rela‐
tive to the current United States population; 99% of the subjects were white [9].

Estimated prevalence rates range from as low as 3.5 per 100,000 population to as high as 513 per 
100,000 population. However, it is clear that Ménière’s disease is more common in women [8].

The frequency of male/female prevalence in Meniere’s disease has been noted to be generally 
equal with perhaps some slight female preponderance. Simo et al. described the prevalence 
of Meniere’s disease in the United States. This study clearly provides evidence that currently 
a female preponderance is present. The findings of a female predominance is 1.51, but not 
unlike other reported rates of gender differences [4].

Harris also showed the prevalence of Meniere’s disease by age group and sex, as shown in 
Figure 1.

A study was conducted to estimate the prevalence of Meniere’s disease in the UK. This study 
investigated the relationship between some conditions such as mental health, diseases and 
demographic factors.

They used data from the UK Biobank to compare 1376 self‐reported Ménière’s participants 
with over 500,000 participants without Ménière’s disease.

Ménière’s disease was more common in participants who were older, having higher body 
mass index categories, white and female.

After World War II, to rapid increase in cases of MD occurred in Japan, but the reasons have 
not yet been clarified.

In Nishikubiki district, a retrospective survey of 15 years was conducted to evaluate epidemiolog‐
ical characteristics, such as sex and age. Some of the data in this study were analysed in a previous 
study. Three hundred and sixty‐five patients were diagnosed with MD according to the diagnos‐
tic criteria. There was a slight increase in the prevalence of MD during the period 1990–2004 [10].
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In Houston—TX, a retrospective chart review was conducted to identify outpatient visits 
coded using the ICD‐9 codes for Ménière’s disease during the years 2001–2003. The preva‐
lence of definite MD in these 295 individuals was 64%. For this study, the 1995 American 
Academy of Otolaryngology‐Head and Neck Surgery (AAO‐HNS) Committee on Hearing 
and Equilibrium guidelines were used for diagnosis and classification. The largest group 
(23%) consisted of patients with only cochlear symptoms. Of those with definite MD, the 
mean duration of disease at last follow‐up was 7.6 years, 56% were female, 19% had bilateral 
disease and 34% required surgical management for vertigo. Those initially classified as prob‐
able are usually reclassified as definite with extended follow‐up [7].

The prevalence of Menière’s disease was evaluated in the general population of Southern 
Finland through a prospective study based on population register data. A prospective MD 
prevalence study was conducted in the general population of Southern Finland. A question‐
naire on vertigo associated with a sensation of movement, hearing loss or tinnitus was sent to 
5000 people from the age of 12 years randomly selected in the city. The patients were clinically 
examined in our vestibular unit. The clinical examination was supplemented by audiological 
and otoneurological examinations [11].

The response rate was 63%. In the final sample of 3116 people, 216 reported the triad of vertigo, 
hearing loss and tinnitus. Using the most recent criteria of the Hearing and Balance Committee 
of the American Academy of Otorhinolaryngology‐Head and Neck Surgery, we were able to 
identify 16 patients with definite DM of the total sample, obtaining a  prevalence of 513 of 100,000 
people. Of the 16 patients with MD, nine patients had already been diagnosed with MD and one 
patient was diagnosed during the clinical examination. A peak prevalence of 1709 of 100,000 was 
seen in the age range of 61–70 years. However, MD prevalence in Southern Finland is overvalued 
relative to the rest of the world. However, the MD prevalence in Southern Finland is much higher 
than the prevalence estimations based on hospital registers around the world as suggested [11].

Figure 1. Prevalence in the United States of Meniere’s syndrome by age group and sex. From Harris and Alexander [9].
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MD is associated with several comorbid conditions such as arthritis (OR 1.8), psoriasis (OR 
1.8), gastroesophageal reflux disease (OR 1.5), irritable bowel syndrome (OR 2.1) and migraine 
(OR 2.0). The development of cochlear and vestibular symptoms has a variable course and can 
take years in individual patients [12].

Depending on the series, the male/female ratio varies curiously. Some reports point out that 
Meniere’s disease affects both sexes equally or there is a slight female preponderance, up to 
1.3:1. Wladislavosky‐Waserman and colleagues reported a slight (though not statistically sig‐
nificant) preponderance of females. Following the three decades covered by the study, there 
was a progressive decline over time in numbers of women affected. In contrast, for men, there 
was a slight (but not significant) increase in rates for the same period [5].

Most studies suggest a slight female preponderance of up to 1.3 times that of men. MD seems to be 
much more common in white adults with higher body mass index categories, in their fourth and 
fifth decade. However, it can also be observed in children. A prevalence of 3% of MD was observed 
by Meyerhoff and colleagues in the paediatric population. Many studies have shown the existence 
of a positive family history for Meniere’s disease with an index of relatives affected up to 20%.

The prevalence increases dramatically with age, peaking in the 60–69 years age group. It is very 
rare in people younger than 20 years [7]. This increase is shown in the graph in Figure 2. Already 
the incidence rate of Meniere’s disease by gender according to age groups can be seen in Figure 3.

Figure 2. Prevalence of Meniere’s disease at different decade age in inpatients population.
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Unfortunately, for disorders such as MS that are relatively rare at the population level, very 
large sample sizes are needed to achieve sufficient power to accurately estimate epidemio‐
logical characteristics in population‐based studies [6].

4. Estimates of incidence

Incidence is defined as the number of new cases occurring over a specified period of time, 
usually 1 year [9]. Incidence rate represents the number of new cases of a disease over a speci‐
fied period of time divided by the population at risk [5].

The incidence and prevalence in the general population are inferred from the exact values in 
the sample group [6].

Only prospective studies (subjects are identified prior to an outcome or disease; future events 
are recorded) have the power to measure incidence [5].

In 1954, Cawthorne and Hewlett attempted to estimate the incidence of MS by examining a reg‐
ister of clinical records for eight clinical practices in Great Britain serving a population of 27,365 
people; they arrived at an annual incidence of 157 per 100,000. As pointed out by Wladislavosky‐
Waserman and colleagues, this number most likely represents a combination of incidence and 
prevalence, as some patients may have had onset of symptoms in preceding years.

In 1973, Stahle and colleagues examined records from a standard, nationally administered 
record system to determine the incidence of MS in a patient population from two cities in 
Sweden; they found an annual incidence of 46 per 100,000. Celestino and Ralli reviewed 

Figure 3. Incidence rate of Meniere’s disease by gender according to age groups.
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the records from 1973 to 1985 from a hospital and outpatient clinic serving a community of 
1,03,797 people in Italy. The 1972 American Academy of Ophthalmology and Otolaryngology 
guidelines were applied for diagnosis of MS, and an incidence of 8.2 per 10,00,000 people per 
year was found [9].

A study in Cantabria evaluated epidemiological data. Incidence was determined by the num‐
ber of patients diagnosed Meniere’s disease with per 100,000 inhabitants/year during the 11 
years of the study and residents in the area having a health study excluding Meniere previ‐
ous diagnosis of disease. The incidence was 3/100,000 cases inhabitants/year prevalence of 
75/100,000 (29 in men and 46 in women). The most common age of diagnosis was between 40 
and 60 years [13].

In Japan, the average annual incidence was 5.0 per 100,000 population. Incidence and preva‐
lence predominated in females. With respect to age at disease, the incidence in elderly patients 
was increased when we corrected for age distribution in the overall population [10].

5. Meniere familial

Familial MD should be considered if at least one other relative (first or second degree) ful‐
fills all the criteria of definite or probable MD. Familial MD should be considered if at least 
one other relative (first or second degree) fulfills all the criteria of definite or probable MD. 
Familial MD is observed in 8–9% of sporadic cases in populations of European descent. This 
was also described in Caucasians from Brazil, Sweden, Finland, United Kingdom, Spain and 
Germany. Although most families described have an autosomal dominant pattern of inheri‐
tance, familial MD shows genetic heterogeneity, and mitochondrial and recessive inheritance 
patterns are also observed in some families [12].

5.1. Associated symptoms

The symptom triad of vertigo, tinnitus and hearing loss all contribute to the disabling nature 
of the condition. Ménière’s disease is an unpredictable illness that affects mental health. 
Ménière’s disease is an unpredictable illness that affects mental health. Tyrrell et al. inves‐
tigated the mental health of 1376 Ménière’s disease patients. Participants answered 38 ques‐
tions to mental health. They utilized crude and adjusted linear to investigate the association 
between Ménière’s disease and mental health.

Ménière’s disease was associated with increased frequency of tenseness, depression, tiredness and 
unenthusiasm in the 2 weeks before recruitment. Ménière’s disease was associated with longer 
periods of depression than controls. Reduced health satisfaction was associated with Ménière’s 
disease, but in other aspects of life (general happiness, work, family, financial), individuals with 
Ménière’s disease were as happy as controls. Mental health and SWB in individuals diagnosed 
for longer was better than in those who were recently diagnosed suggesting at least adaptation.

The results show that Ménière’s disease has a negative impact on the individual’s satisfaction 
with life, their mental health and emotional state.
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These results raise the importance of supporting social relationships, since long‐term patient 
adaptation strategies can help those with new diagnoses. This is the largest population study 
investigating the mental health impact of Ménière’s disease [14].
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Abstract

Meniere’s disease is characterized by recurrent vertigo, fluctuating hearing loss, and per-
sistent tinnitus. Caffeine consumption in modern society is a widespread and culturally 
accepted habit; however, there is no consensus about its mechanism of action in various 
organs and systems, including the auditory and vestibular. The few clinical studies have 
shown that abstention from caffeine has little effect in patients with Meniere’s disease, 
both in relation to vertigo, tinnitus and hearing loss.

Keywords: caffeine, vertigo, Meniere’s diseases, tinnitus, vestibular disease

1. Introduction

Caffeine consumption in modern society is a widespread and culturally accepted habit and 
sets up the most widely consumed psychoactive substance in the world. It is found in a vari-
ety of products such as coffee, tea, chocolate, soft drinks, mate, guarana powder, slimming 
drugs, diuretics, stimulants, painkillers, and anti‐allergics [1, 2].

The effects of caffeine have been investigated for a long time; however, there is still no con-
sensus on the effect of this substance in the body [1]. Its action and its effect on the body are 
still controversial in the scientific literature. They are described as benefits the improvement 
of cognitive and psychomotor performance, alertness, attention span, attention, and mem-
ory; enhances visual and auditory vigilance; and decreases sleepiness and fatigue [3]. It also 
describes that it may cause tachycardia, increased gastric secretion, diuresis, increased levels 
of fatty acids in the plasma, cerebral vascular constriction, and dilation system of the other 
vessels of the body when in high doses [1].

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Meniere’s disease is a clinical syndrome that affects the inner ear, and it is characterized by 
episodes of spontaneous vertigo, usually associated with unilateral fluctuating sensorineural 
hearing loss (SNHL), tinnitus, and aural fullness [4]. It is believed that there is an association 
between the use or caffeine abstention with complaints of vertigo and tinnitus. However, the 
evidence supporting this claim is conflicting and sparse [5, 6].

2. Caffeine and its effects on metabolism

Caffeine is the most consumed psychoactive substance in the world and is found in many 
different products such as coffee, tea, chocolate, soft drinks, mate, guarana powder, diuretics, 
stimulants, analgesics, and anti‐allergic [1].

Caffeine (1, 3, 7‐trimethylxanthine) is a stimulant of the central nervous system belonging to 
the group of methylxanthines [2, 7, 8]. The interaction of caffeine with the organism is difficult 
to research because factors such as age, presence of chronic diseases, gender, and intake of 
other substances such as tobacco interfere with this interaction [8].

It is believed that, with regard to pharmacokinetics, caffeine has rapid absorption, 99% 
absorbed within 45 minutes after its ingestion [9, 10]. It is fat‐soluble, being able to overcome 
all biological barriers [1, 10]. The plasma concentration in humans is achieved between15 and 
120 minutes after intake [11]. In humans, doses below 10 mg/kg have half‐life by 2.5–4.5 hours 
and was not related difference in young and elderly subjects [1, 10].

Caffeine improves cognitive and psychomotor performance, alertness, ability to concentrate, 
attention, and memory; improves auditory and visual vigilance; and reduces sleepiness and 
fatigue [3]. Caffeine in high doses can cause tachycardia, increased gastric secretion, diuresis, 
increased levels of fatty acids in plasma, constriction in the cerebral vascular system, and 
expansion of other vessels of the body [1].

In otorhinolaryngology (ENT)/audiology, it has been linked to several symptoms and diseases, 
such as tinnitus, hydrops, dizziness, laryngopharynx acid reflux disease (LPRD), and as a risk 
factor for head and neck cancer [5, 6].

Caffeine mechanism of action for the production of these effects has not been fully elucidated. 
However, it is known that the caffeine molecule is chemically similar to other metabolically 
important compounds such as purines (adenine, guanine), adenosine, xanthine, and uric acid. 
Due to the structural similarity of caffeine molecule with adenosine, caffeine connects itself 
to adenosine A1 and A2A receptors, blocking them. Thus, adenosine cannot perform their 
inhibitory effect, which occurs through the release of several neurotransmitters, such as glu-
tamate, acetylcholine, monoamines, and gamma‐aminobutyric acid [8, 12].

Other effects such as the inhibition of phosphodiesterase (cAMP enzyme inactivating) and 
release of intracellular calcium are also described, however, occur only at high doses of caf-
feine, which cannot be achieved only with the coffee intake [8, 10]. It is suggested that the 
mechanisms are unrelated to the central effects of caffeine [13].
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Studies suggest that caffeine also has a vasoconstrictor effect, especially when binds to A2 
receptors. Functional magnetic resonance demonstrated a reduction in cerebral perfusion 
after caffeine intake. Nonetheless, this is the predominant effect at high doses [13].

There are over a hundred years had been reported that the abrupt discontinuation of the 
act of drinking coffee can cause severe headaches [12, 14]. The most common symptoms 
of the withdrawal of caffeine are headache, fatigue, lethargy, flu‐like symptoms, and 
mood disorders [15]. These effects appear 12–14 hours after discontinuation of caffeine 
consumption and dissipate between 4 and 7 days after their occurrence [16]. The inten-
sity of the symptoms seems to depend on the dose of caffeine that the individual usually 
ingest [17], although it has been reported in sporadic consumers [18]. The authors add 
that, despite a dose‐dependent, caffeine is not effective to alleviate the symptoms caused 
by one’s abstinence.

3. Caffeine and Meniere’s disease

Meniere’s disease is characterized by recurrent vertigo, fluctuating hearing loss, and per-
sistent tinnitus [19]. The traditional treatment for Meniere’s disease involves, in addition to 
medication and surgical procedures when indicated, a diet that restricts sodium, caffeine, and 
alcohol [20].

Some authors argue that the treatment of Meniere’s disease is empirical and propose food 
restriction as an initial treatment step, not justifying the need to abstain from caffeine [21]. The 
recommendation of a diet free of caffeine for Meniere’s disease is based on the professional’s 
experience, without scientific evidence [22].

It was believed that sodium restriction followed the same idea of the use of diuretics, or 
reduced fluid retention in the inner ear. However, it was proved that the critical feature is the 
sodium level constant [20].

The justification for the recommendation given to Meniere’s disease patients to avoid salt is 
the same to avoid caffeine. It is based on the theory that considers Hydrops as a cause, not 
symptoms of the disease. They believed that this substance causes large fluid shifts through 
physiologic compartments and hence result in inner ear instability [6]. Nonetheless, a cross‐
over study did not find significant effect of caffeine on hydratation status when body weight 
and urinary output were measured [23].

Using the keywords “Meniere’s disease” and “caffeine,” in PubMed, only one clinical study 
was found seeking to investigate this relationship (see Table 1).

Seeking to verify adherence to a diet consisting of control the sodium and caffeine, in patients 
with Meniere’s disease, a retrospective study was conducted. The numbers of crises and the 
severity of symptoms decrease, as reported by the participants; however, no statistical signifi-
cance was found when we analyzed only limited caffeine consumption. Fewer participants 
were able to restrict caffeine intake compared to reducing sodium intake. The authors suggest 
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the need for prospective controlled studies to reduce the variables found, adding up to more 
conclusive results [22].

Another study aiming to characterize the patients with Meniere’s disease found that 30.1% 
use decaffeinated coffee, higher percentage than the 19% who make use of this type of coffee 
in the control group. The authors complete that this restriction is based on limited evidence 
but are extremely well publicized in the media [24].

Caffeine consumption and interruption has been related to the trigger dizziness, tinnitus, and 
migraine. In clinical practice, discontinuation of caffeine intake is a common recommenda-
tion for patients with these symptoms. However, some professionals report that despite well 
meaning this is a painful recommendation and may aggravate the discomfort reported by the 
patient as it can add the effects of caffeine withdrawal syndrome [5, 25].

4. Caffeine and vestibular system

Three systems (vestibular, visual, and proprioceptive) interact with each other to ensure the 
body balance. The vestibular system has three functions: to provide information about body 
position, correct body movements that deviate from its center of mass, and control eye move-
ment to keep the visual motor while the individual or the environment is in motion [26, 27].

The posterior labyrinth is a highly sensitive organ to changes in other organs and systems, 
and many of these changes manifest themselves primarily with vestibular symptoms. It is 
related to cervical problems, cardiovascular problems, migraine, metabolic and/or hormonal 
changes, psychiatric disorders, neurological diseases, and the use of medications such as anti-
biotics, anti‐inflammatories, diuretics, and psychotropic substances with labyrinthine disor-
ders [28–31].

Investigating the vestibulocochlear findings in patients with Type 1 diabetes mellitus was 
found large percentage of vestibular disorders in these patients (60%). Regarding the com-
plaints and harmful eating habits, caffeine abuse was the most prevalent of them, reported by 
20% of patients [32].

The effectiveness of cessation of caffeine consumption in remission of dizziness was inves-
tigated previously. For this purpose, patients received this orientation, only being used 

Author, origin, and year of 
publication

Study design Sample size Conclusion

Luxford et al., USA, 2013 
[22]

Mailed patient 
retrospective questionnaire 
and chart review

136 No statistical significance 
was found when analyzed 
only limit caffeine 
consumption in relation to 
the numbers of crisis and 
the severity of symptoms

Table 1. Presentation of articles: “Meniere's disease” and “caffeine”.
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drug treatment if symptoms persist 4 weeks after the initiation of restriction. Only 14% of 
participants reported some improvement in symptoms in the period in which it was only 
oriented diet. The authors add that patients reported improvement in general had lower 
consumption of caffeine in the usual diet than those who maintained their complaint after 
the restriction [25].

In patients with complaints of dizziness is always recommended an evaluation of the vestibu-
lar system [33]. To perform these tests, most services suspended the intake of foods high in 
caffeine, nonessential drugs, tobacco, and alcohol. As for the number of hours of restrictive 
diet, some authors suggest 72 hours suspension before the exam [27, 34, 35], some 48 hours 
before [36], and some even 24 hours before the test [28, 37].

Regarding the use of caffeine restriction to conduct vestibular tests, they were found only four 
studies in the literature. All they found weak relationship between caffeine consumption and 
changes in the tests, as shown the next.

In 2005, a comparative study was conducted, in which the study group and the control 
group were formed by the same patients in normal habits and caffeine restriction. Patients 
received as instruction for the first vestibular test (vectoelectronystagmography): fast 3 
hours before the test, suspension of nonessential drugs and alcohol (72 hours before the 
test), and cigarette and products containing caffeine (24 hours before). The second test had 
the same guidelines except the restriction of the use of products containing caffeine. Most 
participants (68.4%) chose to undergo the examination with the habitual intake of caffeine. 
The most frequent complaints during the examination caffeine abstention were anxiety 
(92.3%), headache (69.3%), nausea and/or vomiting (38.5%), and more intense vertigo dur-
ing the test (38.5%). As the result of the examination, no abnormality was found in the 
oculomotor tests and there was no statistically significant change between the responses 
found in the caloric test [38].

A study performed with 30 healthy young individuals aimed to investigate the influence of 
caffeine on vectoelectronystagmography and VEMP. For this, they performed the tests twice, 
once with 24‐hour restriction of the use of caffeine and other after drinking a cup of coffee. 
The results showed that moderate caffeine consumption did not influence the test results [17].

A prospective experimental study investigated the influence of caffeine on VEMP. It was rec-
ommended, to 25 healthy young, caffeine abstinence for at least 24 hours. They were submit-
ted to the first examination, after given caffeine capsules (420 mg) and performed the second 
test. There was no caffeine influence on test results [39].

A study aimed to investigate the effect of caffeine on dynamic posturography examination 
investigating the vestibular‐spinal reflex. We investigated 30 healthy young subjects, being 
conducted a session where they were instructed to abstain from caffeine intake for 24 hours 
and another where it was offered coffee before the exam. The authors concluded that caffeine 
did not affect the clinical interpretation of the test in this population [40].

Table 2 summarizes the findings of clinical studies that linked caffeine and the vestibular 
system.
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5. Caffeine and tinnitus

Tinnitus is a sound that is perceived in the absence of an external acoustic stimulus. The 
pathophysiology of this symptom has not been fully elucidated, in part related to the subjec-
tive nature of this condition, associated with emotional and psychological factors accompany-
ing its occurrence [41, 42].

A retrospective study was conducted aiming to investigate the correlation of the presence of 
habits and symptoms with the annoyance of tinnitus. Dizziness, neck pain, headache, and 
caffeine abuse are prevalent complaints in patients with tinnitus. However, there was no cor-
relation among the degree of annoyance of tinnitus with hearing loss, age, gender, presence 
of dizziness, neck pain, headache, changes of the temporomandibular joint, and the use of 
caffeine or excessive intake of carbohydrates [43].

It is observed in clinical practice, including being reported in the literature, the recommenda-
tion of discontinuation of caffeine as additional treatment for tinnitus. This recommendation 
is based on the theoretical deduction that if caffeine has stimulating action on the central 

Author, origin, and year of 
publication

Study design Sample size Conclusion

Felipe et al., Brazil, 2005 
[38]

Clinical with transversal 
cohort

19 The moderate ingestion of 
coffee was not shown to 
interfere in the results of 
the vestibular test

Klagenberg et al., Brazil, 
2007 [32]

Cross‐sectional study of a 
contemporary group

30 Significant vestibular 
system changes were found

Mikulec et al., USA, 2012 
[25]

Retrospective chart review 44 Only 14% of participants 
reported some 
improvement in symptoms 
in the period in which it 
was only oriented diet

McNerney et al., USA, 
2014 [17]

Prospective, placebo 
controlled study

30 Moderate amount of 
caffeine does not have a 
clinically significant effect 
on the results from caloric 
and cVEMP tests in young 
healthy adults

McNerney et al., USA, 
2014 [40]

Prospective, placebo 
controlled study

30 The ingestion of caffeine 
did not produce a clinically 
significant effect in healthy 
young control participants

Sousa and Suzuki, Brazil, 
2014 [39]

Prospective experimental 
study

25 The vestibulocollic reflex 
is not altered by caffeine 
intake

Table 2. Presentation of articles: “vestibular system” and “caffeine”.
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 nervous system, it can play a role in the excitability of the auditory pathways and, therefore, 
can modify some clinical aspects of tinnitus [13].

There was not, however, scientific evidence for this recommendation. Recently, the search for 
scientific evidence of this recommendation was prospectively investigated in three studies 
presented in Table 3. In none of them significant improvement in annoyance was observed 
due to tinnitus only with the reduction of caffeine consumption.

A phase 2, pseudo‐randomized, double‐blind, placebo‐controlled cross‐over trial was con-
ducted to test the causal relationship between caffeine consumption and tinnitus severity. 
Specific questionnaires were applied to investigate the annoyance due to tinnitus and visual 
analogue scale at base line and on days 1, 15, and 30. The groups, study, and placebo were 
matched. Authors concluded that caffeine content had no effect on tinnitus severity and 
increase headaches and nausea [5].

Using the answers from the Nurses’ Health Study II, a series of questionnaires applied in 
women aged 25–42 years, the authors sought to examine the association between caffeine 
intake and the risk of incident tinnitus. After analyzing the data, the study concluded that 
after adjusting age and potential confounders there was a significant inverse association 
between caffeine intake and the incidence of tinnitus [44].

Seeking to assess whether tinnitus patients can obtain some benefit from the reduction of 
caffeine intake, 26 patients with tinnitus were advised to reduce caffeine consumption by 
50% of regular consumption. Audiometry being carried out and applied the tinnitus handi-
cap inventory (THI) and visual analogic scale (VAS) before and after reduction consumption. 
The authors argue that despite the statistical significance of data found, clinical improvement 
was small. Adds that the greater the amount of caffeine consumed, the greater the impact 
caused by the reduction of intake, which could be responsible for a possible worsening of 
tinnitus, related to caffeine withdrawal. The fact indicates that there is no justification for the 
 universal restriction of caffeine intake as a treatment for all patients with tinnitus; however, 
some groups are more likely to improve [13].

Author, origin and year of 
publication

Study design Sample size Conclusion

Claire et al., UK, 2010 [5] A phase 2, pseudo‐
randomized, double‐blind, 
placebo‐controlled cross‐
over trial

66 Caffeine content had no effect 
on tinnitus severity and increase 
headaches and nausea

Glicksman et al., USA, 
2014 [44]

Longitudinal and 
prospective study

5289 Higher caffeine intake was 
associated with a lower risk of 
incident tinnitus in women

Figueiredo et al., Brazil, 
2014 [13]

Contemporary longitudinal 
cohort study

26 There is no justification for the 
universal restriction of caffeine 
intake as a treatment for all 
patients with tinnitus

Table 3. Presentation of articles: “tinnitus” and “caffeine”.
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6. Caffeine and auditory system

A larger number of studies have been found attempting to investigate the effects of caffeine 
in the auditory system. It is believed that caffeine affected the peripheral and central auditory 
pathways [45]. As the inner ear is the site of lesion for this clinical syndrome, we direct our 
efforts in presenting the effects of caffeine on the peripheral auditory system [46].

Regard to the effects of caffeine on the peripheral auditory system, it was demonstrated that 
caffeine induced shortening of outer hair cells, increasing the excitability of the peripheral 
auditory pathways [47]. The mechanism of action that provides this shortening has not been 
fully elucidated [13]. It was suggested that caffeine induced contraction by activating the 
ryanodine receptor, by potassium channel blockage or by creating osmotic imbalance across 
the cell membrane [47–49].

No clinical studies in humans to investigate the relationship of caffeine to the peripheral audi-
tory system were found.

7. Conclusion

Caffeine despite being widely consumed has no mechanism of action fully elucidated. The 
vestibular and auditory systems may be influenced by substances that alter the homeostasis 
of the organism. Thus, while the interaction of caffeine with cochlea and the posterior laby-
rinth is not better elucidated, the diet recommendations for evaluation and therapy of patients 
with vertigo and tinnitus remain based on clinical experience. It will be finally necessary more 
studies to elucidate these questions aiding in driving the most effective treatment for the 
patient with Meniere’s disease.
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efforts in presenting the effects of caffeine on the peripheral auditory system [46].

Regard to the effects of caffeine on the peripheral auditory system, it was demonstrated that 
caffeine induced shortening of outer hair cells, increasing the excitability of the peripheral 
auditory pathways [47]. The mechanism of action that provides this shortening has not been 
fully elucidated [13]. It was suggested that caffeine induced contraction by activating the 
ryanodine receptor, by potassium channel blockage or by creating osmotic imbalance across 
the cell membrane [47–49].

No clinical studies in humans to investigate the relationship of caffeine to the peripheral audi-
tory system were found.

7. Conclusion

Caffeine despite being widely consumed has no mechanism of action fully elucidated. The 
vestibular and auditory systems may be influenced by substances that alter the homeostasis 
of the organism. Thus, while the interaction of caffeine with cochlea and the posterior laby-
rinth is not better elucidated, the diet recommendations for evaluation and therapy of patients 
with vertigo and tinnitus remain based on clinical experience. It will be finally necessary more 
studies to elucidate these questions aiding in driving the most effective treatment for the 
patient with Meniere’s disease.
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Abstract

Meniere’s disease, with its characteristic symptom triad of vertigo, balance and hear‐
ing disorders has yet to have its pathophysiology outlined conclusively. Any theory 
must elucidate all aspects of the natural progression, including vestibular and audi‐
tory symptoms. While the central dogma revolves around endolymphatic hydrops, 
this theory is not without flaws, such as its inability to explain all the physiological 
changes seen in patients, or the often absence of symptoms.  While several degenera‐
tive changes are observed in temporal bone histopathology, they do not necessarily 
explain the sequence of events in the development and progress of the disease. This 
chapter explores the pathophysiology of the disease, focusing on the hydrops theory, 
while presenting evidence for and against it. Various changes in the inner ear physi‐
ology such as pressure changes, ionic disequilibrium, endocochlear potentials; in 
human and animal models are described. Alternative explanations for symptoms are 
discussed. This chapter touches briefly upon etiology associated with Meniere’s (and 
hydrops), and aims to assist a deeper understanding of the relationship of the process 
to clinical and experimental findings. A clear understanding of the process guides not 
only the clinical management to improve quality of life but also the direction of future 
research endeavors.

Keywords: Meniere's disease, pathophysiology, etiology, mechanism, endolymphatic 
hydrops, deafness, vertigo

1. Introduction

Meniere's disease, with a symptom triad of vertigo, balance and hearing disorders, was 
reported as a disease of the inner ear by Prosper Meniere as far back as 1861 [1] and has 
yet to have its pathophysiology defined conclusively. Since a central theory of the patho‐
physiology involves endolymphatic hydrops, it is worthwhile be familiar with the terms. 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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Endolymph is the potassium‐rich fluid in the membranous labyrinth, produced by the stria 
vascularis (cells in the scala media) of the cochlear labyrinth along with some contribution 
from the dark vestibular cells and planum semilunatum. There is a slow longitudinal flow 
and a fast radial flow of endolymph, also influenced by osmotic and hydrostatic forces. 
Endolymphatic hydrops refers to the over‐accumulation of endolymph, pressing upon the 
perilymphatic space resulting in the characteristic symptom triad. The exact mechanism of 
this hydrops is unknown and can range from over‐production, decreased absorption, to 
mechanical obstruction. If the cause of the distension or hydrops is unknown, the syndrome 
can be termed Meniere's disease (MD); conversely, if the cause is known, it is termed second‐
ary endolymphatic blockage. The chapter intends to outline mechanisms for the hydrops; 
however, this theory is plagued with controversy as shown in a study of cadaveric temporal 
bone specimens wherein 100% of the diagnosed MD patients had evidence of hydrops, con‐
trasted by findings of hydrops in 51/79 patients without an MD diagnosis, highlighting gaps 
in this theory [2].

2. Historical journey in pathophysiology

Prosper Meniere in 1861 observed the constellation of symptoms (such as tinnitus, hearing 
loss, falls, vertigo, nausea and syncope), when he postulated that the ear was the site of the 
disorder in contrast to the popular theory of apoplectiform cerebral congestion [1]. Building 
upon Flourens’ experiments on pigeons, he further refined the site of the lesion to be the semi‐
circular canals. In 1938, two independent studies by Yamakawa (in Japan) and Hallpike and 
Cairns (In England) described the hydrops as a pathological finding of the labyrinth; these 
anatomical findings were confirmed by various investigators through the decade to come [2].

3. Pathophysiology

MD is characterized during its active phase with the characteristic symptom triad, of epi‐
sodic vertigo and tinnitus with fluctuations in hearing, followed by a symptom‐free period, 
ultimately resulting in a more permanent dysfunction of the above symptoms. Any theory 
attempting to explain the pathophysiology of MD has to account for processes that result in 
a reversible dysfunction of both the cochlea and vestibule, with long‐term chronic deficits. 
Examples of reversible causes include noise, toxins such as salicylates, viral infections and 
immune‐mediated mechanisms, most of which do not show morphological changes unless 
they turn permanent.

This suggests a possibility of a final common pathway in a variety of conditions that could 
all result in fluctuating cochlear and vestibular dysfunction. The exact mechanisms are not 
clearly elucidated, with noise‐related damage being a notable exception. In all cases, a persis‐
tence of the metabolic dysfunction results in permanence. Hence, it may be inferred that MD 
is modeled on the pathophysiology of disorders wherein abnormalities of metabolic dysfunc‐
tion result in a permanent vestibulocochlear dysfunction.
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The problem in MD is thought to be malabsorption of endolymph, mainly in the duct or 
sac. This outflow dysfunction is usually a slow process, the inciting etiological event having 
occurred possibly years earlier.

4. Central theory of Meniere's disease

In simple terms, the central hypothesis of Meniere's disease pathophysiology is endolymphatic 
hydrops, due to a varied etiology (auto‐immune, infectious, endocrine, allergic, vascular, auto‐
nomic, dietary, genetic, idiopathic, etc.) and is responsible for the symptoms of MD.

A discussion on the central theory necessarily focuses on the events leading up to the 
hydrops and the physiological consequences of the hydrops. Endolymphatic hydrops is the 
only consistently found anatomical abnormality in MD, with volume increases up to 200% in 
patients of MD versus health patients [3]. This correlation, however, does not imply causal‐
ity, for if hydrops was causative then not only would every patient with Meniere's disease 
have hydrops but also the reverse; every case of hydrops would have symptoms of Meniere's 
disease, a statement we know does not stand true [2].

The theory regards that excess endolymph is due to overproduction or reduced resorption, 
either idiopathic or due to various etiologies, most likely being obstruction at the level of the 
duct or sac, which results in EH. The acuteness of attacks can be explained by the increased 
pressures within the scala media which result in a rupture of the membranous labyrinth. 
These ruptures are expected to occur frequently in MD and have been found in all parts of the 
inner ear in MD patients along with healed scars. This possibly explains the sudden attacks 
and fluctuation of symptoms. The Schuknecht theory is prominent for highlighting the ionic 
changes; ruptures of the membranous labyrinth cause a mixing of potassium‐rich endolymph 
into the perilymph. This potassium is excitotoxic when exposed to CN VIII and hair cells as it 
causes depolarization of the nerve cells and subsequent inactivation. This results in decreased 
cochlear and vestibular function and symptoms of a Meniere's attack. When the ruptured 
membrane heals, symptoms subside [4].

Pathophysiology of Meniere's Disease
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While other pathological findings in hydrops include membrane ruptures, periductal sclerosis, 
damage to hair cells and spiral ganglion cells, studies also highlight other differences observed 
such as abnormal glycoprotein metabolism in the endolymphatic sac. And while fibrosis around 
the sac need not be present in each case of MD, the widespread glycoprotein imbalance could be 
of value in explaining EH formation through osmotic effect affecting inner ear homeostasis [5].

Hydrops has been experimentally found to be large enough to extend into the semicircular 
canal and thus disrupt the crista ampullaris, responsible for vertigo. The mechanical disrup‐
tion of wave conduction by the hydrops is linked to the cochlear dysfunction.

Obstruction sites other than the duct and sac (secondary sites) such as in the ductus reunions 
may be responsible for the predominance of cochlear symptoms. Other involved sites (such 
as overactive vestibular cells and planum semilunatum) may result in excess production and 
mainly vestibular symptoms [6].

A combination of the mechanical and chemical factors is likely to be in play in the pathophysi‐
ology of MD. Since most of the theories on MD are derived from the study of temporal bone 
anatomy, the pathophysiology of MD has been inferred from the observed pathology. This 
is not always an ideal correlation as several insults, such as noise, can alter cochlear function 
without altering structure. Hence, one has to exercise caution while inferring the clinical con‐
dition of Meniere's disease from the pathological condition of hydrops.

4.1. Role played by the central theory

The central theory has not only dominated the pathophysiological dogma of MD but also influ‐
enced the design of various tests such as glycerol test or potential ratios (AP/SP; explained 
later) used to diagnose the “hydrops” and by extension MD. Most medical and surgical ther‐
apies in practice and in research are aimed at reducing the “hydrops.” Animal models are 
designed to recreate the “hydrops” as a model for MD. Most research is focused on discovering 
various etiologies or mechanisms of hydrops.

4.2. Etiology of the hydrops

Specific causes of hydrops include infectious (viruses and syphilis), allergic, genetic, trauma, 
autoimmune, otoconia or otoliths and low cerebrospinal fluid (CSF) pressures.

Viruses: Studies testing the endolymphatic sac of MD patients show the presence of viral DNA 
notably Varicella‐Zoster virus (VZV), Epstein‐Barr virus, cytomegalovirus and conflictingly 
absence of herpes simples viruses 1 and 2 [7] or its presence in the vestibular ganglion [8], with 
inactive serum titers during attacks, leading to a statistically based theory of latent inactive viral 
infections related to MD, with possible early VZV infection in childhood affecting the endo‐
lymphatic sac later in life. However, antiviral medications have no role in the treatment of MD.

Syphilis: Congenital or acquired syphilis was found to be the cause of MD in 6% of all cases, 
with pathogenesis of endolymphatic hydrops and osteitis of the capsule believed to cause the 
symptoms. This entity responds to steroid administration [9].
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Hereditary: 34% of patients report a family history of hearing loss or recurrent vertigo, with 
8.4% of patients having a relative with diagnosed definite MD. While genetic heterogeneity 
has been observed, most families had an autosomal‐dominant inheritance pattern with antici‐
pation. No clinical differences were found between sporadic and familial MD, except for an 
expected earlier onset in familial cases [10]. Studies have discovered two heterozygous single‐
nucleotide variants in FAM136A and DTNA genes, both from a Spanish family with three 
affected cases in consecutive generations, suggestive of autosomal‐dominant inheritance [11] 
with various other gene mutations being explored in different familial groups.

Allergy: Studies found an inhalant allergy in 41.6% and a food allergy in 40.3% of patients 
with MD in comparison with rates of 27.6% and 17.4% in their control population [6]. The 
theory involves antigen exposure leading to a sudden influx of fluid into the endolymphatic 
sac (which is immunologically active), resulting in a rupture of Reissner's membrane. The 
resulting influx of potassium and its excitotoxicity causes the symptoms. Other theories 
involve deposition of circulating immune complex leading to inflammation. Patients on aller‐
gic immunotherapy have shown better control of their vertigo symptoms [6].

Autoimmunity: Immune stimulation of the endolymphatic sac may cause hydrops by dis‐
turbing its fluid regulatory function. This immune involvement is possibly type 2 (tissue 
antigen‐antibody‐related) or type 3 (circulating immune complex‐related). A higher (30–50%) 
percentage of MD patients have circulating antigen‐antibody complexes) compared to normal 
people; however, the detection of antibodies to vestibular antigens was lower (20%) and more 
variable. The deposition of the immune complexes possibly results in increased vascular per‐
meability and hence an imbalance in the fluid electrolyte concentration [6]. Various cytokines 
such as interleukin‐1alpha, tumor necrosis factor alpha, NF kappaB P65 and P50 have been 
found to be produced in cochlear cells such as type 1 fibrocytes and root cells of spiral liga‐
ment, demonstrating that local or systemic production of inflammatory ligands may play a 
role in cochlear dysfunction [12].

Otoconia: Studies using three‐dimensional (3D) computerized tomography (CT) imaging 
in patients show that hydrops in MD patients might be caused by obstruction of the duct 
reunions by loose otoconia in the saccule [13].

Otitis media: Otitis media has been linked to the development of MD either later on in life 
(in childhood exposures, with vertiginous symptoms predominating) or concurrently with 
fluctuating hearing loss being the dominant presentation. The postulated pathophysiology 
involves the development of hydrops linked to labyrinthitis and or otitis media due to the 
under‐development of the duct and sac due to the associated inflammatory sequelae in the 
mastoid [14]. Another possibility is the spread of infectious or inflammatory products into the 
perilymphatic space, which may disrupt the electrolyte homeostasis and osmotic pressures 
thus resulting in hydrops [6].

Trauma: Physical or acoustic trauma has been linked to MD through the dysfunction of cells 
involved in endolymphatic homeostasis or the traumatic displacement of cellular debris and 
otoconia which could physically or chemically result in hydrops [6]; studies in veterans with 

Pathophysiology of Meniere's Disease
http://dx.doi.org/10.5772/66388

57



such trauma, however, do not provide adequate backing to this theory [15]. The bilaterality of 
MD cannot be explained in cases of unilateral trauma.

Otosclerosis: Patients with otosclerosis have been found to have symptoms of MD due to the 
otosclerosis enveloping the aqueduct or invading the endosteum, resulting in changes in the 
flow and chemical composition of endolymph and perilymph [16].

Low cerebrospinal fluid pressures: Connections between the inner ear and CSF allow pres‐
sure changes to be transmitted, notably, a drop in CSF pressures such as postoperatively, 
leading to decreased perilymphatic pressures and a corresponding relative endolymphatic 
hydrops [17].

Other mediators: nitric oxide and vasopressin: Overexpression of the inducible nitric oxide 
synthase enzyme results in morphological (hair cell loss) and functional changes (endoco‐
chlear threshold and potential shifts) and stria vascularis toxicity, implicated in the devel‐
opment of MD, along with other free radicals [18]. Vasopressin levels have been shown to 
increase before and after a vertigo attack in MD patients, in humans and experimental models 
possibly contributing to the development of hydrops [19].

5. Physiology in Meniere's disease

The pathophysiology of Meniere's disease is tied to the physiology of the hydrops, which 
can be induced in experimental models by obliteration or blockage of the duct and/or sac 
in animals at a success rate approaching 100% in guinea pigs but with more variability in 
other species. The experimental animal models remain deficient, with no acute attacks of MD 
and lack of reported vestibular dysfunction despite severe hydrops, cautioning against direct 
equivalence from animal to human theories. This induced hydrops, despite being an incom‐
plete model, is used to study the effects on the labyrinthine and cochlear physiology such as 
electrolyte homeostasis in the fluids and membranes, pressures and potentials.

6. Ionic homeostasis and hydrops

Despite logistical and technical difficulties in obtaining tissues and fluid (as composition 
is usually disturbed during surgical procedures), some human and animal studies show a 
change in the sodium‐potassium levels of the cochlear and vestibular endolymphatic fluids in 
MD and experimental hydrops, respectively [20]. In addition to the theory of ruptures caus‐
ing spillage of potassium ions into the perilymph, another possible explanation for the ionic 
and fluid imbalances in hydrops was postulated to be the Na, K‐ATPase enzymes found in the 
cochlear lateral wall. However immunohistochemical studies of human temporal bones did 
not show statistically significant differences in hydropic ears consistent with the normal func‐
tioning of the stria vascularis in patients with MD [21]. Possible theories diverging from the 
traditional disruption of Guild's principle of longitudinal endolymphatic flow include ionic 
disequilibrium being responsible for the hydrops. Cellular changes in Reissner's membrane 
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are postulated to cause disruption of the endolymphatic flow and thus lead to ionic imbal‐
ance, a possible mechanism of hearing loss in endolymphatic hydrops [22].

7. Pressure changes and hydrops

Experimental models studying the effect of postural changes on endo‐ and perilymphatic 
space fluid pressures show a marked change in the hydropic versus control animals [23]. There 
is possibly an adaptation of the vestibular system to the increased endolymphatic pressures, 
given that the time period for the development of hydrops is over months. This adaptation is 
unlikely to remain in effect with changes in posture. This uncompensated disequilibrium of 
fluid pressures may be responsible for the vestibular dysfunction.

A second mechanism to consider is that an increase in pressures produced in the hydropic ear 
during postural changes compresses the microvasculature on the wall of the labyrinth, result‐
ing in ischemia of the inner ear [24].

The cerebrospinal fluid pressure dictates the inner ear hydrostatic pressure through the 
cochlear aqueduct. Studies measuring the positional changes of intracranial CSF pressure 
and its corresponding effects on the perilymphatic pressures showed insignificant differences 
between MD affected and control ears [25]. Animal models measuring endo‐ and perilym‐
phatic space fluid pressures before and after induced hydrops show no significance in pres‐
sure between the scala media and the scala tympani in either control or hydropic ears [26], 
with similar findings in humans, thus precluding the use of MMS‐10 tympanic displacement 
analyzer (Marchbanks’ test) in a diagnostic capacity [27].

8. Endocochlear potential and hydrops

Experimental models report a decrease in the endocochlear potential (EP) developing after 
inducing hydrops [26]. Measurements of the evoked responses of the cochlea such as cochlear 
microphonic potential (CM) show decreased maximum output and threshold levels. Auditory 
brainstem responses also show progressive deficits. Electrophysiological tests such as electro‐
cochleography (ECoG) are commonly used in the diagnosis of MD which includes both the 
compound action potential (CAP) and the summating potential (SP). The CAP is the summa‐
tion of responses from the auditory nerve which would be reduced in patients with hearing 
loss. The SP is the summation of responses from the hair cells. Since hydrops would push the 
basilar membrane closer toward the scala tympani, in the absence of hair cell damage or loss 
(seen in the early stages of the disease), this effect of hydrops would increase the SP. While 
the absolute values of these two components may differ, they do covary and hence the ratio 
between the two is often used in MD diagnosis.

Studies show that while rupture of the membranous labyrinth in hydrops was believed to be 
responsible for the inner ear dysfunction (through large volume injections into the endolym‐
phatic sac), the pattern of pressure changes in conjunction with techniques examining temporal 
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bones via a micro‐CT and functional electrographic recordings shows that they are not solely 
responsible for the acute ear dysfunction, rather the hydrops is a continuing, prolonged process 
with Non‐rupture mechanisms in play, which can be correlated clinically with MD too [28].

9. The role of CNS in MD

The CNS modulates functions of the inner ear by several mechanisms, which may have a 
bearing on the pathophysiology of MD. Alterations in autonomic activity may modulate vas‐
cular tone which could set off an acute attack with longer term effects resulting in a chronic 
damage. Since cochlear fine tuning is compromised in MD, it is likely that efferent pathways 
are likely to be involved in acute attacks. The role of the neuroendocrine system causing meta‐
bolic dysfunction is yet to be elucidated.

10. Physiology of clinical symptoms and hydrops

10.1. Fluctuating hearing loss and episodic vertigo

As outlined earlier, a possible explanation for the fluctuating hearing loss and episodic vertigo 
seen in MD patients is brief, acute rises in pressures resulting in membranous ruptures, resulting 
in cochleovestibular dysfunction due to ionic disequilibrium (potassium excitotoxicity). Healing 
of these ruptures sets the stage for symptom resolution. The correlation of electron microscopic 
damage visualized in animal models of hydrops, such as hair cell loss, neuronal damage and 
spiral ganglion cell and ligament damage, is purported to be responsible for the hearing deficits.

A physiological basis of the Hennebert sign (vertigo occurring when static pressure is applied 
to the ear) is the presence of vestibular fibrosis (part of the pathological manifestations of the 
disease which may form band‐like connections between the footplate of the stapes and the 
utricular macula [29].

10.2. Aural fullness

Patients often complain of aural fullness (a blocked or full sensation) which, while colloquially 
has been attributed to the hydropic swelling, has no scientific basis due to the lack of inner ear 
receptors to relay this information to the brain and the improbability that a minute increase in 
endolymphatic volume would be adequate to stretch the round window to results in this full‐
ness sensation. A possible explanation could be the childhood association of a common middle 
ear disease (otitis media) with its prominent sensation of fullness with the low‐frequency hear‐
ing loss which accompanies middle ear conductive pathologies. In essence, the low‐frequency 
hearing loss experienced by the patient is accompanied by fullness as a learned association.

10.3. Recruitment

Loudness intolerance or recruitment also seen in MD patients is due to the loss of the outer 
hair cell function which serves to fine‐tune or evoke region‐specific responses of the  basilar 
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 membrane to varying frequencies. As a result, larger regions of the membrane and hence 
a larger population of neurons are excited for a stimulus which is usually interpreted as 
increased signal intensity. Altered perception of pitch, a symptom of MD, is similarly 
explained by the abnormal recruitment of neurons. The brain thus perceives different signals 
from the “normal” and the “affected” ear for a given sound, resulting in the perception of two 
sounds. This unusual symptom is notable in MD due to the asymmetry of the disease process.

10.4. Tinnitus

A possible explanation for the tinnitus could be related to a similar broad tuning of the 
cochlear membrane. A reduced functioning of the receptors and nerves at the cochlear apex 
may allow the CNS to interpret the boundary zone between the active cochlea and the inac‐
tive apex as tinnitus. Another mechanism could involve channels getting inputs from the 
inactive area of the nerve fibers, which would optimize their gain, leading to amplification of 
internal signals thus resulting in tinnitus.

10.5. Chronic symptoms

Irreversibility of symptoms and chronic deterioration in hearing are explained by the perma‐
nent morphological changes such as distortions in the ampulla walls, utricular macula and 
atrophy of the cristae. Such distensions of the lateral ampulla have been shown to be associ‐
ated with impaired vestibular function tests [30]. While light microscopy may not always 
show obvious pathology, electron microscopy showing degeneration of unmyelinated axons 
may explain the symptoms such as loss of speech discrimination despite intact hair cells and 
spiral ganglion cells [31].

11. The evidence‐based findings between hydrops and symptoms

Hyperosmolar agents and diuretics, such as glycerol and furosemide, respectively, have been 
used since several decades in the evaluation of patients with suspected hydrops. Several 
studies show that the hydrops is temporarily relieved by their mechanism of action [32–34], 
resulting in an improvement of hearing and or vestibular symptoms in some case, thus 
strengthening the case for hydrops being responsible for MD symptoms.

The results of electrocochleographic observations in MD patients also support a temporal 
correlation. This increase of the SP in patients with early MD, along with studies showing a 
positive temporal correlation of enhanced SP and symptom reporting and finally a decrease 
of the SP with the use of hyperosmolar agents [35], all strengthen the premise of hydrops 
being responsible for symptom constellation.

To explain the lack of symptoms in animal models of EH and as an alternative to the argu‐
ment that hydrops cannot occur rapidly enough to cause an acute attack of symptoms, it was 
postulated that acute attacks of MD can be attributed to the biochemical effects of endolym‐
phatic ruptures (not traditionally seen in animal models) specifically of Reissner's membrane. 
However, human temporal bone studies also do not consistently reveal theses ruptures or 
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they have been attributed to postmortem‐processing artifacts, strengthening the theory that 
the pressure effects along with biochemical effects act in concert. With regard to the theory 
that ruptures are responsible for the acute attacks, studies have questioned the likelihood of 
a rupture in one anatomical area impacting the function of other areas, or the likelihood of 
simultaneous rupture of both the cochlear duct and saccule (not supported by histology find‐
ings) affecting cochlear and vestibular functions [36]. It is also logical extension of theory to 
expect relief of symptoms after rupture, as relief of the pressure should alleviate symptoms.

Vestibular symptoms such as nystagmus were induced in animal models with an injection of 
artificial endolymph into the perilymphatic space, presumed to represent the actual events in 
play during an attack of episodic vertigo [37].

Imaging studies in vivo using gadolinium‐contrasted magnetic resonance imaging (MRI) 
demonstrated that in MD, different areas affected by the EH (vestibular vs. cochlear) were 
correlated to different symptoms experienced by patients as seen in the distinct cochlear 
or vestibular variants of Meniere's disease [38]. Such imaging studies also found a correla‐
tion between the progress of the EH imaged with the clinical deterioration of the inner ear 
functional measurements [39], strengthening the role of hydrops in the pathophysiology 
of MD.

Measuring the cross‐sectional area of the scala media in vivo overcomes the drawbacks of 
histological shrinking and other artifacts. It has been used in animal models of hydrops with 
an endolymphatic marker, to study the temporal relation in the development of hydrops, post 
duct ablation (occurs within days). Functional deficits, measured electrophysiologically (such 
as cochlear potentials), were surprisingly initially only small changes and most marked at the 
8‐ to 16‐week time period when no further hydrops or endolymphatic expansion occurred. 
The logical extension, if it holds true in humans, would imply that factors apart from or in 
addition to the hydrops could be responsible for symptoms and relieving the hydrops may 
not restore normal functioning [40].

Studies determined that the hydrops causes a displacement of the basilar membrane toward 
the scala tympani which due to anatomical considerations is predominantly at the apex of the 
cochlea affecting its mechanical‐electrical properties. This displacement results in sensorineu‐
ral hearing loss of frequency below 100 Hz (due to anatomical locations of receptors) which is 
unlikely to result in clinically appreciated hearing loss, usually tested at frequencies of 250 HZ 
and higher. Thus, this in endolymphatic hydrops, the pathological findings do not correlate to 
the low‐frequency hearing lost observed in Meniere's disease [41].

12. Hydrops and diagnosis

Given the prevalence of EH in patients of MD, diagnostic tests developed to visualize the EH in 
vivo have been studied such as gadolinium‐based contrast media using heavily T(2)‐weighted 
3D FLAIR [42]. The advent of such dynamic imaging technologies provides new insights into 
the pathophysiology of MD such as differential involvement of cochlear and vestibular com‐
partments and the fact that EH occurs in the asymptomatic or unaffected ear with a high (75%) 
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 frequency [38]. Studies also confirm the diagnostic value of such techniques to image the hydrops 
as essential in the workup of other conditions such as vestibular migraine versus MD [43].

13. Physiology of hydrops and treatment

Most treatment strategies are geared toward the hydrops theory of etiology [44, 45]. 
Irrespective of the treatment instituted, the success rate of controlling vertigo episodes hovers 
at 60–80%, strongly suggesting nonspecific therapeutic effect or placebo effect in play. While 
studies are not always optimally designed with adequate controls; subjective symptoms and 
the fluctuating nature of the disease itself may compound the results making it difficult to 
distinguish spontaneous remission versus drug effect versus placebo effects.

Most commonly employed treatments include diuretics and dietary salt restriction which 
are used based on the rationale of altering the fluid and electrolyte balance; thus decreasing 
the hydrops, which has shown conflicting results in studies from being effective [46] versus 
flawed [47].

Several surgical procedures have been devised, such as endolymphatic sac decompressions, 
shunts and vestibular ablation. The aim of a majority of sac procedures is to decompress the EH 
and provide a path for drainage. This is conceptually flawed as most shunts created undergo 
fibrosis and loss of patency and endolymph would not drain into a higher pressure area such 
as CSF. Ventilation tubes placed in the tympanic membrane were shown to reduce vertigo [48], 
suggesting that middle ear pressures are involved in the pathophysiology of vertigo. The vari‐
able results noted that post‐surgery gives credence to the nonspecific placebo effect theory [49].

An interesting result of endolymphatic sac surgery for patients with MD has been the knowl‐
edge contributed toward the pathophysiology during revision surgery due to recurrence of 
symptoms. Extensive granulation tissue and fibrosis found in the mastoid area, in the region 
of the sac, create a secondary compression coupled with color changes in the implants sug‐
gesting that transudative processes in play provide evidence toward endolymphatic malab‐
sorption as the basis of the secondary (induced) MD.

14. Future

Despite advances in technologies, the fundamentals of the pathophysiology in MD remain 
incomplete. The gaps in knowledge are wide ranging, from natural progression of the dis‐
ease to etiology, pathophysiology and treatment. To reconcile these controversies, research 
endeavors should adhere to standardized definitions of MD, selection criteria, control devel‐
opment and results reporting, which will allow comparable analysis across studies.

Animal models and experimental designs more closely reflecting the clinical entity of MD 
should be the pillar for future research. Overcoming the shortcoming of traditional animal 
models may allow breakthroughs in answering these questions. Newer models more closely 
resembling the pathophysiological process in play in MD include mice with  vasopressin 
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administration and exploring the role of Latanoprost in MD therapy [50]. Technological 
advancements in inner ear imaging, histology, immunohistochemistry, genetic testing and 
functional measurements will allow a more molecular and refined examination of the patho‐
physiological process.

15. Summary

The pathophysiology of MD remains elusive despite intense research. It is likely that hydrops 
may not be the cause of MD symptoms, rather an epiphenomenon. Theories on the patho‐
physiology of MD thus leave several important gaps, mainly around the central theory of EH 
causing hydrops. They include the following:

• EH cannot comprehensively account for all the physiological changes seen in MD patients.

• EH need not be associated with the characteristic triad of symptoms of MD.

• Several differences exist in the physiological responses in hydropic animals versus MD 
patients. While this can be accounted for by innate differences between human and animal 
ears, it is likely related to alternate or additional processes involved in MD.

• The central role played by the endolymphatic sac in the pathophysiology of MD is also 
challenged, due to the low proportion of hydrops that develops in most animal species fol‐
lowing obstruction of the sac and duct. Alternative mechanisms of endolymph production 
or resorption are likely to be in play in different regions of the labyrinth.

However, given a 100% association of EH in at least one ear of patients with MD, it is likely 
that EH is more than just an epiphenomenon, rather it is a condition that is necessary but not 
sufficient for the clinical picture of MD.

Author details

Shazia Mirza* and Sankalp Gokhale

*Address all correspondence to: shazia.mirza@utsouthwestern.edu

UT Southwestern Medical Center, Dallas, Texas, USA

References

[1] Meniere P. Sur une forme de surdité grave dépendant d’une lésion de l’oreille interne. 
Gaz Méd de Paris 1861;16:P29

[2] Merchant, S.N., Adams J.C. and Nadol, J.B., Jr., Pathophysiology of Meniere’s syndrome: are 
symptoms caused by endolymphatic hydrops? Otol Neurotol, 2005. 26(1): p. 74‐81.

[3] Morita, N., et al., Membranous labyrinth volumes in normal ears and Meniere disease: a three‐
dimensional reconstruction study. Laryngoscope, 2009. 119(11): p. 2216‐20.

Up to Date on Meniere's Disease64



administration and exploring the role of Latanoprost in MD therapy [50]. Technological 
advancements in inner ear imaging, histology, immunohistochemistry, genetic testing and 
functional measurements will allow a more molecular and refined examination of the patho‐
physiological process.

15. Summary

The pathophysiology of MD remains elusive despite intense research. It is likely that hydrops 
may not be the cause of MD symptoms, rather an epiphenomenon. Theories on the patho‐
physiology of MD thus leave several important gaps, mainly around the central theory of EH 
causing hydrops. They include the following:

• EH cannot comprehensively account for all the physiological changes seen in MD patients.

• EH need not be associated with the characteristic triad of symptoms of MD.

• Several differences exist in the physiological responses in hydropic animals versus MD 
patients. While this can be accounted for by innate differences between human and animal 
ears, it is likely related to alternate or additional processes involved in MD.

• The central role played by the endolymphatic sac in the pathophysiology of MD is also 
challenged, due to the low proportion of hydrops that develops in most animal species fol‐
lowing obstruction of the sac and duct. Alternative mechanisms of endolymph production 
or resorption are likely to be in play in different regions of the labyrinth.

However, given a 100% association of EH in at least one ear of patients with MD, it is likely 
that EH is more than just an epiphenomenon, rather it is a condition that is necessary but not 
sufficient for the clinical picture of MD.

Author details

Shazia Mirza* and Sankalp Gokhale

*Address all correspondence to: shazia.mirza@utsouthwestern.edu

UT Southwestern Medical Center, Dallas, Texas, USA

References

[1] Meniere P. Sur une forme de surdité grave dépendant d’une lésion de l’oreille interne. 
Gaz Méd de Paris 1861;16:P29

[2] Merchant, S.N., Adams J.C. and Nadol, J.B., Jr., Pathophysiology of Meniere’s syndrome: are 
symptoms caused by endolymphatic hydrops? Otol Neurotol, 2005. 26(1): p. 74‐81.

[3] Morita, N., et al., Membranous labyrinth volumes in normal ears and Meniere disease: a three‐
dimensional reconstruction study. Laryngoscope, 2009. 119(11): p. 2216‐20.

Up to Date on Meniere's Disease64

[4] LB, C.B.S.D.N.J.M., Peripheral vestibular disorders. Otolaryngol Head Neck Surg, p.2328‐45.

[5] Wackym, P.A., et al., Re‐evaluation of the role of the human endolymphatic sac in Meniere’s 
disease. Otolaryngol Head Neck Surg, 1990. 102(6): p. 732‐44.

[6] Paparella M.M. and Djalilian H.R., Etiology, pathophysiology of symptoms and pathogenesis 
of Meniere’s disease. Otolaryngol Clin North Am, 2002. 35(3): p. 529‐45.

[7] Yazawa, Y., et al., Detection of viral DNA in the endolymphatic sac in Meniere’s disease by in 
situ hybridization. ORL J Otorhinolaryngol Relat Spec, 2003. 65(3): p. 162‐8.

[8] Vrabec, J.T., Herpes simplex virus and Meniere’s disease. Laryngoscope, 2003. 113(9): p. 1431‐8.

[9] Pulec, J.L., Meniere’s disease of syphilitic etiology. Ear Nose Throat J, 1997. 76(8): p. 508‐10, 
512 514, passim.

[10] Requena, T., et al., Familial clustering and genetic heterogeneity in Meniere’s disease. Clin 
Genet, 2014. 85(3): p. 245‐52.

[11] Requena, T., et al., Identification of two novel mutations in FAM136A and DTNA genes in 
autosomal‐dominant familial Meniere’s disease. Hum Mol Genet, 2015. 24(4): p. 1119‐26.

[12] Adams, J.C., Clinical implications of inflammatory cytokines in the cochlea: a technical note. 
Otol Neurotol, 2002. 23(3): p. 316‐22.

[13] Yamane, H., et al., Assessment of Meniere’s disease from a radiological aspect ‐ saccular otoco‐
nia as a cause of Meniere’s disease? Acta Otolaryngol, 2012. 132(10): p. 1054‐60.

[14] Paparella, M.M., de Sousa L.C. and Mancini F., Meniere’s syndrome and otitis media. 
Laryngoscope, 1983. 93(11 Pt 1): p. 1408‐15.

[15] Segal, S., et al., Is there a relation between acoustic trauma or noise‐induced hearing loss and a 
subsequent appearance of Meniere’s disease? An epidemiologic study of 17245 cases and a review 
of the literature. Otol Neurotol, 2003. 24(3): p. 387‐91.

[16] Yoon, T.H., Paparella, M.M. and Schachern P.A., Otosclerosis involving the vestibular 
aqueduct and Meniere’s disease. Otolaryngol Head Neck Surg, 1990. 103(1): p. 107‐12.

[17] Nakashima, T., et al., A perspective from magnetic resonance imaging findings of the inner ear: 
Relationships among cerebrospinal, ocular and inner ear fluids. Auris Nasus Larynx, 2012. 
39(4): p. 345‐55.

[18] Teranishi, M., et al., Polymorphisms in genes involved in the free‐radical process in patients 
with sudden sensorineural hearing loss and Meniere’s disease. Free Radic Res, 2013. 47(6‐7): 
p. 498‐506.

[19] Takeda, T., et al., Hormonal aspects of Meniere’s disease on the basis of clinical and experimental 
studies. ORL J Otorhinolaryngol Relat Spec, 2010. 71 Suppl 1: p. 1‐9.

[20] Silverstein, H. and Takeda T., Endolymphatic sac obstruction. Biochemical studies. Ann Otol 
Rhinol Laryngol, 1977. 86(4 Pt 1): p. 493‐9.

Pathophysiology of Meniere's Disease
http://dx.doi.org/10.5772/66388

65



[21] Keithley, E.M., Horowitz, S. and Ruckenstein, M.J., Na,K‐ATPase in the cochlear lateral 
wall of human temporal bones with endolymphatic hydrops. Ann Otol Rhinol Laryngol, 1995. 
104(11): p. 858‐63.

[22] Yoon, T.H., et al., Cellular changes in Reissner’s membrane in endolymphatic hydrops. Ann 
Otol Rhinol Laryngol, 1991. 100(4 Pt 1): p. 288‐93.

[23] Andrews, J.C., Bohmer, A. and Hoffman, L.F., The measurement and manipulation of intra‐
labyrinthine pressure in experimental endolymphatic hydrops. Laryngoscope, 1991. 101(6 Pt 
1): p. 661‐8.

[24] Nakashima, T. and Ito, A., Effect of increased perilymphatic pressure on endocochlear potential. 
Ann Otol Rhinol Laryngol, 1981. 90(3 Pt 1): p. 264‐6.

[25] Rosingh, H.J., Wit, H.P. and Albers, F.W., Perilymphatic pressure dynamics following posture 
change in patients with Meniere’s disease and in normal hearing subjects. Acta Otolaryngol, 
1998. 118(1): p. 1‐5.

[26] Warmerdam, T.J., et al., Perilymphatic and endolymphatic pressures during endolymphatic 
hydrops. Eur Arch Otorhinolaryngol, 2003. 260(1): p. 9‐11.

[27] Rosingh, H.J., Wit, H.P. and Albers, F.W., Non‐invasive perilymphatic pressure measurement 
in patients with Meniere’s disease. Clin Otolaryngol Allied Sci, 1996. 21(4): p. 335‐8.

[28] Brown, D.J., et al., Changes in cochlear function during acute endolymphatic hydrops develop‐
ment in guinea pigs. Hear Res, 2013. 296: p. 96‐106.

[29] Nadol, J.B., Jr., Positive Hennebert’s sign in Meniere’s disease. Arch Otolaryngol, 1977. 
103(9): p. 524‐30.

[30] Rizvi, S.S., Investigations into the cause of canal paresis in Meniere’s disease. Laryngoscope, 
1986. 96(11): p. 1258‐71.

[31] Nadol, J.B., Jr. and Thornton, A.R., Ultrastructural findings in a case of Meniere’s disease. 
Ann Otol Rhinol Laryngol, 1987. 96(4): p. 449‐54.

[32] Futaki, T., Kitahara, M. and Morimoto, M., A comparison of the furosemide and glycerol tests 
for Meniere’s disease. With special reference to the bilateral lesion. Acta Otolaryngol, 1977. 
83(3‐4): p. 272‐8.

[33] Brookes, G.B., Morrison, A.W. and Richard, R., Otoadmittance changes following glycerol 
dehydration in Meniere’s disease. Acta Otolaryngol, 1984. 98(1‐2): p. 30‐41.

[34] Di Girolamo, S., et al., Postural control and glycerol test in Meniere’s disease. Acta Otolaryngol, 
2001. 121(7): p. 813‐7.

[35] Ferraro, J.A. and Krishnan, G., Cochlear potentials in clinical audiology. Audiol Neurotol, 
1997. 2(5): p. 241‐56.

[36] Sperling, N.M., et al., Symptomatic versus asymptomatic endolymphatic hydrops: a histopatho‐
logic comparison. Laryngoscope, 1993. 103(3): p. 277‐85.

Up to Date on Meniere's Disease66



[21] Keithley, E.M., Horowitz, S. and Ruckenstein, M.J., Na,K‐ATPase in the cochlear lateral 
wall of human temporal bones with endolymphatic hydrops. Ann Otol Rhinol Laryngol, 1995. 
104(11): p. 858‐63.

[22] Yoon, T.H., et al., Cellular changes in Reissner’s membrane in endolymphatic hydrops. Ann 
Otol Rhinol Laryngol, 1991. 100(4 Pt 1): p. 288‐93.

[23] Andrews, J.C., Bohmer, A. and Hoffman, L.F., The measurement and manipulation of intra‐
labyrinthine pressure in experimental endolymphatic hydrops. Laryngoscope, 1991. 101(6 Pt 
1): p. 661‐8.

[24] Nakashima, T. and Ito, A., Effect of increased perilymphatic pressure on endocochlear potential. 
Ann Otol Rhinol Laryngol, 1981. 90(3 Pt 1): p. 264‐6.

[25] Rosingh, H.J., Wit, H.P. and Albers, F.W., Perilymphatic pressure dynamics following posture 
change in patients with Meniere’s disease and in normal hearing subjects. Acta Otolaryngol, 
1998. 118(1): p. 1‐5.

[26] Warmerdam, T.J., et al., Perilymphatic and endolymphatic pressures during endolymphatic 
hydrops. Eur Arch Otorhinolaryngol, 2003. 260(1): p. 9‐11.

[27] Rosingh, H.J., Wit, H.P. and Albers, F.W., Non‐invasive perilymphatic pressure measurement 
in patients with Meniere’s disease. Clin Otolaryngol Allied Sci, 1996. 21(4): p. 335‐8.

[28] Brown, D.J., et al., Changes in cochlear function during acute endolymphatic hydrops develop‐
ment in guinea pigs. Hear Res, 2013. 296: p. 96‐106.

[29] Nadol, J.B., Jr., Positive Hennebert’s sign in Meniere’s disease. Arch Otolaryngol, 1977. 
103(9): p. 524‐30.

[30] Rizvi, S.S., Investigations into the cause of canal paresis in Meniere’s disease. Laryngoscope, 
1986. 96(11): p. 1258‐71.

[31] Nadol, J.B., Jr. and Thornton, A.R., Ultrastructural findings in a case of Meniere’s disease. 
Ann Otol Rhinol Laryngol, 1987. 96(4): p. 449‐54.

[32] Futaki, T., Kitahara, M. and Morimoto, M., A comparison of the furosemide and glycerol tests 
for Meniere’s disease. With special reference to the bilateral lesion. Acta Otolaryngol, 1977. 
83(3‐4): p. 272‐8.

[33] Brookes, G.B., Morrison, A.W. and Richard, R., Otoadmittance changes following glycerol 
dehydration in Meniere’s disease. Acta Otolaryngol, 1984. 98(1‐2): p. 30‐41.

[34] Di Girolamo, S., et al., Postural control and glycerol test in Meniere’s disease. Acta Otolaryngol, 
2001. 121(7): p. 813‐7.

[35] Ferraro, J.A. and Krishnan, G., Cochlear potentials in clinical audiology. Audiol Neurotol, 
1997. 2(5): p. 241‐56.

[36] Sperling, N.M., et al., Symptomatic versus asymptomatic endolymphatic hydrops: a histopatho‐
logic comparison. Laryngoscope, 1993. 103(3): p. 277‐85.

Up to Date on Meniere's Disease66

[37] Silverstein, H., The effects of perfusing the perilymphatic space with artificial endolymph. Ann 
Otol Rhinol Laryngol, 1970. 79(4): p. 754‐65.

[38] Pyykko, I., et al., Meniere’s disease: a reappraisal supported by a variable latency of symptoms 
and the MRI visualisation of endolymphatic hydrops. BMJ Open, 2013;3:e001555 doi:10.1136/
bmjopen‐2012‐001555

[39] Gurkov, R., et al., In vivo visualized endolymphatic hydrops and inner ear functions in patients 
with electrocochleographically confirmed Meniere’s disease. Otol Neurotol, 2012. 33(6): 
p. 1040‐5.

[40] Salt, A.N. and DeMott, J., Time course of endolymph volume increase in experimental hydrops 
measured in vivo with an ionic volume marker. Hear Res, 1994. 74(1‐2): p. 165‐72.

[41] Nageris, B., Adams, J.C. and Merchant, S.N., A human temporal bone study of changes in 
the basilar membrane of the apical turn in endolymphatic hydrops. Am J Otol, 1996. 17(2): 
p. 245‐52.

[42] Naganawa, S., et al., Visualization of endolymphatic hydrops in Meniere’s disease with  single‐
dose intravenous gadolinium‐based contrast media using heavily T(2)‐weighted 3D‐FLAIR. 
Magn Reson Med Sci, 2010. 9(4): p. 237‐42.

[43] Gurkov, R., et al., Endolymphatic hydrops in patients with vestibular migraine and auditory 
symptoms. Eur Arch Otorhinolaryngol, 2014. 271(10): p. 2661‐7.

[44] Thomsen, J., Defining valid approaches to therapy for Meniere’s disease. Ear Nose Throat J, 
1986. 65(9): p. 10‐8.

[45] Torok, N., Old and new in Meniere disease. Laryngoscope, 1977. 87(11): p. 1870‐7.

[46] van Deelen, G.W. and Huizing, E.H., Use of a diuretic (Dyazide) in the treatment of Meniere’s 
disease. A double‐blind cross‐over placebo‐controlled study. ORL J Otorhinolaryngol Relat 
Spec, 1986. 48(5): p. 287‐92.

[47] Ruckenstein, M.J., Rutka, J.A. and Hawke, M., The treatment of Meniere’s disease: Torok 
revisited. Laryngoscope, 1991. 101(2): p. 211‐8.

[48] Montandon, P., Guillemin, P. and Hausler, R., Prevention of vertigo in Meniere’s syndrome 
by means of transtympanic ventilation tubes. ORL J Otorhinolaryngol Relat Spec, 1988. 
50(6): p. 377‐81.

[49] Bretlau, P., et al., Placebo effect in surgery for Meniere’s disease: nine‐year follow‐up. Am J 
Otol, 1989. 10(4): p. 259‐61.

[50] Katagiri, Y., et al., Long‐term administration of vasopressin can cause Meniere’s disease in mice. 
Acta Otolaryngol, 2014. 134(10): p. 990‐1004.

Pathophysiology of Meniere's Disease
http://dx.doi.org/10.5772/66388

67





Section 5

Ménière’s Disease - Audiological and Vestibular
Evaluation





Chapter 6

Audiological Assessment in Meniere’s Disease

Dinesh Kumar Sharma

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/66486

Abstract

Meniere’s disease is a progressive disorder characterized by recurrent episodes of spon-
taneous vertigo, sensorineural hearing loss and tinnitus, often with a feeling of fullness 
in the ear. The exact ethology is not known. In 1972, a diagnostic criterion for Meniere’s 
disease was proposed by American Academy of Otolaryngology-Head and Neck Surgery 
(AAO-HNS), and till date, it has been revised twice in the years 1985 and 1995. The prin-
cipal audiological investigation is pure tone audiometry combined with a glycerol test. 
Speech audiometry and otoacoustic emissions also play a limited role. The value of elec-
trocochleography is limited.

Keywords: pure tone audiometry, glycerol test, speech audiometry, OAE, 
electrocochleography

1. Introduction

Meniere’s disease named after an Italian scientist, Prosper Meniere, is a progressive disorder 
characterized by recurrent episodes of spontaneous vertigo, sensorineural hearing loss and 
tinnitus, often with a feeling of fullness in the ear [1]. The characteristic of the disease is that it 
is an unpredictable, fluctuating illness with noteworthy hidden disability [2].

The precise cause of Meniere’s disease is still being investigated. It is believed to be associated 
with endolymphatic hydrops, that is, raised endolymph pressure in the membranous laby-
rinth of the inner ear, which gets dilated like a balloon when pressure increases and drainage 
is blocked. This results in swelling of the endolymphatic sac and other tissues in the vestibular 
system (responsible for the body’s sense of balance), creating an acute vestibular imbalance, 
resulting in vertigo and fluctuating hearing loss [3].

Another suggested etiology is the autoimmune nature of the disease. The idea of autoimmu-
nity was brought forward when improvement in bilateral progressive sensorineural hearing 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



loss was recorded following immunosuppressive therapy. The studies of the human endo-
lymphatic sac have also suggested that it is the primary immunocompetent structure in the 
inner ear, which is capable of processing antigen, synthesizing antibodies and raising a cel-
lular immune response [4].

No single test that makes the diagnosis of Meniere’s disease with conformity has been estab-
lished. Complete history, including a detailed description of the pattern of disease presenta-
tion supported by quantitative testing, helps in arriving at a diagnosis [5].

A number of international interdisciplinary organizations in a consensus paper have drawn 
diagnostic criteria for Meniere’s disease. The paper suggests two categories of the Meniere’s 
disease, definite and probable. The definition of definite variety incorporates a clinical criteria 
and observation of episodes of vertigo associated with audiometric findings of sensorineural 
hearing loss involving low and middle frequencies and triad of symptoms that include fluctu-
ant hearing loss, tinnitus and/or fullness of the involved ear. The criteria limit the duration of 
vertigo from 20 min to 12 h. The definition of probable variety of Meniere’s disease encom-
passes vertigo or dizziness and extends to episodic ear-related symptoms, which may occur 
for a variable period time between 20 min and 24 h [2].

The natural history of Meniere’s disease is inconstant but usually progressive. The classical 
triad of tinnitus or aural fullness with episodic vertigo and hearing impairment is often not 
seen at the beginning of the disease. The disease starts as a single symptom entity, and only 
cochlear symptoms occur at the first stage. The period between the primary symptoms and 
the manifestation of other symptoms varies from months to several years with an estimated 
average of 6–18 months. After this period of variable duration, the complete triad of symp-
toms will appear [6].

Episodic attacks of vertigo (so-called Meniere’s attack) are the most troublesome of the symp-
toms to the patient, and it is usually the symptom that causes the patient to seek medical treat-
ment. The vertigo patient perceives either that the world is spinning around them or that they 
themselves are spinning. Typically, it occurs in the form of a series of attacks over a period of 
weeks or months, interspersed by periods of remission of variable duration [7].

When the patient experiences a feeling of rotation, the sign is nystagmus, which has been 
described as a condition of involuntary movements of eyeball. This is accompanied by other 
symptoms such as giddiness and sweating [8].

On most occasions, patients experience a heaviness or fullness of the involved ear, which is 
accompanied by impairment of hearing and ringing sensation. Often the beginning of symp-
toms is precipitous, which reaches its zenith within a span of minutes to hours. The entire 
episode persists for an hour so before it wanes. The patient may experience unsteadiness for a 
couple of hours or days after the attack subsides. In between episodes of the disease, subjects 
may suffer from positional vertigo [9].

Vertigo is the most disabling one among the cardinal symptoms of the disease. It adversely 
affects almost every aspect of life disturbing the normal lifestyle of the patient. The vertigo 
is made worse especially when movement is involved. Patient’s ability to lead a normal way 
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life is hampered by risks of fall. The chances of such events are made worse by small head 
movements, which make the patient subjectively very “ill.” Vertigo can completely under-
mine the individual. This leads the patients to confine themselves to bed until the symptoms 
improve [10].

Some sufferers experience “drop attacks,” which are sudden, severe unexplained falls with-
out loss of consciousness or associated vertigo. These drop attacks are due to acute utricu-
losaccular dysfunction and are triggered by changes in inner ear pressure affecting otolith 
function [11].

Another unusual pattern of clinical presentation has been described, known as Lermoyez 
attacks. As opposed to typical spells in which tinnitus and hearing loss precede and worsen 
with the onset of vertigo, in Lermoyez attacks increased tinnitus and hearing loss precede the 
vertiginous episode and dramatically resolve with onset of vertigo [12].

Tinnitus experienced by Meniere’s patients is continual and does not abate with time, 
although its intensity may vary. In addition, it may be heard more as a loud roaring or buzz-
ing sensation, rather than a whistling, and is most commonly non-pulsatile and of the low-
frequency type. The pitch tends to be related to the region of the most severe hearing loss and 
the magnitude of tinnitus roughly proportional to the severity of hearing loss [13].

A sensation of aural fullness that may precede a definite vertiginous spell, is considered a 
symptom alternative to tinnitus in the criteria of AAO-HNS (1985, 1995) and is experienced 
by 74.1% of the patients [14].

The hearing loss usually affects one ear, which typically loses sensitivity to low-frequency 
sounds and is of sensorineural type. As the hearing thresholds rise, dynamic range 
decreases, the sounds are typically described as “tinny” by the patient, the quality of 
sounds becomes poor, and loudness of loud sounds rises rapidly due to a phenomenon 
known as recruitment. The patients become intolerant to such loud sounds. During the 
early days of the disease, the hearing loss tends to return to within normal thresholds, and 
however, later in course of disease, hearing loss persists and even deteriorates over the 
course of following episodes. Even in terms of frequency involvement, the hearing loss 
spreads to involve all the frequencies showing a flat line on the audiogram. The sensori-
neural hearing loss in Meniere’s disease involves low frequencies giving a flat audiometric 
pattern, but sometimes we get peak audiograms that are nearly normal hearing at around 
2 kHz and decreased sensorineural hearing at lower and higher frequencies. This type of 
pattern is considered to be diagnostic of Meniere’s disease and is more commonly seen in 
patients with disease of short duration. Over time, the hearing loss flattens and becomes 
less variable [15].

Patients become profoundly deaf rarely in 1–2% of severely affected patients [2].

Additional features are diplacusis that is unusual sensitivity to noises, sounds can seem tinny 
or distorted known as dysacusis, a difference in the perception of pitch between the ears 
(43.6%) and recruitment (56%) [16].
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2. Investigations used to support the diagnosis of Meniere’s disease

As of now, no single test can claim to make a reliable diagnosis of Meniere’s disease; rather it 
is based on a complete history with a detailed description of the pattern of disease presenta-
tion, supported by quantitative testing.

In 1972, a diagnostic criterion for Meniere’s disease was proposed by American Academy of 
Otolaryngology-Head and Neck Surgery (AAO-HNS), and till date, it has been revised twice 
in the years 1985 and 1995 [5].

The latest criteria used for diagnosis of Meniere’s disease are the one proposed by AAO-HNS 
in the year 1995 [5].

AAO-HNS (1995) also introduced a staging system for cases of definite Meniere’s disease. 
Staging is based solely on hearing, which is the most readily measurable variable and most 
closely related to the natural history of the disease [17].

Stages 1 and 2 are considered representative of early reversible disease that is susceptible to 
remission, whereas stages 3 and 4 are considered fixed or not reversible.

A good classic history with the criteria as outlined by AAO-HNS is adequate for diagnosing 
a case of Meniere’s disease.

2.1. Pure tone audiometry (PTA).

PTA is the elementary investigation for reaching at a diagnosis and following up the patient 
during the course of treatment. A four-tone average of 0.5, 1, 2 and 3 kHz has been adopted in 
the guidelines of AAO-HNS (1985, 1995), and a change of 10 dB or more in PTA or a greater 
than 15% change in word recognition score is considered a clinically significant change dur-
ing diagnosis and treatment [5].

Pure tone audiometry is the primary tool applied by the clinicians to ascertain hearing thresh-
olds of the patient. It is used to document the degree and type of auditory impairment. These 
elements along with shape of the audiogram lay the ground for designing and implementing 
a line of treatment. This investigation is principally used in adults and grown-up children as 
PTA is dependent on patient’s cooperation and his/her response to the pure tone signals [7].

Pure tone audiometry has assumed an established role in diagnosis of hearing impairment. 
Pre-calibrated pure tones are presented to the patient in sound-treated chambers. Circumaural 
headphones, insert phones and bone oscillators are used to deliver these tones to patient to 
determine air-conduction and bone-conduction thresholds across a frequency range from 250 
to 8000 Hz. The thresholds are recorded in terms of decibel HL. Specific algorithms are avail-
able to determine need for masking the non-test ear when asymmetrical hearing presents the 
risk of cross hearing. Procedures and formulae are available to calculate the initial masking 
levels needed both for air-conduction and for masking levels to determine masked thresh-
olds. The thresholds so detected are plotted on an audiogram using standardized symbols. 
Air-conduction thresholds tell about the degree, and bone-conduction thresholds convey type 
of hearing loss.
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Apart from the degree of hearing loss, the pattern of audiogram tells about the type of hearing 
loss, whether it is conductive, sensorineural or mixed. Pure tone audiometry is regarded by 
some as initial screening test of choice for audiological dysfunction [18].

Staging of Definite Meniere’s disease may be done in all the patients on the basic degree of 
hearing loss.

Stage Four-tone average (dB) (0.5, 1, 2 and 3 kHz)

1 <25

2 26–40

3 41–70

4 >70

The hearing loss in Meniere’s disease is unilateral in about 70–85% of cases. However, the 
incidence of bilaterality increases with the duration of the disease, reaching about 40% after 
15 years [19].

Audiograms are performed at different points during the course or progression of disease, 
and the hearing loss shows a fluctuating pattern. During the initial stages of the disease, if the 
PTA is performed after an episode has subsided, the audiogram may look to be normal. As 
the patient continues to experience more and more attacks, some degree of hearing loss tends 
to persist in between the attacks. However, in the later stages of the disease, the hearing loss 
establishes as non-fluctuating and permanent [20].

In the early stages of Meniere’s disease, the characteristic audiometric configuration is a ris-
ing curve, that is, as the frequency increases, the hearing loss decreases. This contour has 
also been called a “reverse slope” audiogram, since high-frequency losses are by far the most 
frequent pattern in the hearing-impaired population. Word recognition (discrimination) has 
been reported in some studies as poor as 32%. Although mid- and high-frequency sensitiv-
ity tends to be good in the early stages, as the disease progresses, these frequencies become 
involved, leaving the patient with a “flat” audiometric configuration. The hearing loss may 
progress to a profoundly impaired degree as the disease process continues. However, the 
degree of hearing loss seldom exceeds a 70 dB average [21].

There is no classical audiogram pattern that can be used to identify Meniere’s disease. 
However, there are certain features that have been commonly observed. These include:

• A varying degree of sensorineural hearing loss.

• This hearing loss is usually low frequency.

• The audiogram may be “flat,” upward sloping or downward sloping.
In a study of 211 consecutive patients with classic Meniere’s disease, the audiological pattern 
was flat in 42%, peaked type in 32%, downward sloping in 19% and rising in 7% patients [22].

In a study conducted in our department, 31 patients of either sex between the age group 
of 18 and 65 years presenting with history of attacks of vertigo, accompanied with tinnitus, 
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 sensorineural hearing loss and aural fullness were selected randomly; 64% of these patients 
had either a flat audiometric graph or a low-frequency hearing loss as evidenced by down-
ward sloping audiometric pattern. In this study, in 18 patients, the duration of symptoms was 
less than 12 months. In these 18 patients, 29 ears were affected; of these, 45% ears had rising 
or peak type of audiograms. Further analysis of the audiometric pattern in this study revealed 
that in patients with sudden onset of symptoms, 50% ears showed either a rising or a peak 
type of graph. On the contrary, among those patients with gradual onset of symptoms, 76% 
ears showed a flat or sloping type of graph. This correlates with the findings of a study which 
concluded that rising or peak audiograms appear more commonly in patients with disease of 
short duration [23].

In a study comprising of 111 patients with Meniere’s disease, pure tone and speech audiom-
etry was performed. The affected ears showed reduced hearing in both the modalities. An 
objective classification method used to determine audiogram shape indicated that affected 
ears more frequently show “low” or “low + high” hearing losses. The study concluded that 
shape of hearing loss does not depend on duration of affection of disease [24].

2.2. Short increment sensitivity index test (SISI)

It is a useful test in distinguishing between cochlear and retro-cochlear lesion. It determines 
the capacity of a patient to detect a brief 1 dB increment at a 20 dB supra-threshold tone (called 
carrier tone) in various frequencies (preferably at 1000 and 4000 Hz). If SISI score is above 
70%, it is considered as positive SISI and pathology lies in the cochlea. If SISI score is <30%, it 
is negative SISI and here pathology lies elsewhere than inner ear [18].

On the basis of PTA report, all the patients suffering from sensorineural hearing loss may 
further be subjected to glycerol test.

2.3. Glycerol test

The assumption that an increase in endolymph volume, with its effect on labyrinthine mem-
brane behavior producing in part, the hearing loss and vestibular deficit in Meniere’s disease 
has led to the administration of dehydrating agents like glycerol. The goal is to reduce the vol-
ume abnormalities in inner ear and produce a measurable change in response that is improve-
ment in behavioral audiometric test scores.

Glycerol, a potent osmolar agent, elevates osmotic pressure of the liquid in which it is dis-
solved. In the cochlear context, upon administration to a patient it lowers the volume of mem-
branous labyrinth. Animal studies in which endolymphatic hydrops was induced surgically, 
responded to glycerol through intracellular and extracellular edema. The increased secretion 
of glycoproteins following administration of glycerol induces endolymph flow into endo-
lymphatic sac. Thus, glycerol promotes the absorption of endolymph both in radial and in 
longitudinal directions [25]. This is a simple and rapid method that provides information on 
the cochlear response to the osmotic changes produced by glycerol in the inner ear.

Glycerol is administered orally to patients to reduce fluid abnormalities in the inner ear. It 
affects hearing temporarily (for a few hours), the results of which are measured by audiogram.
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2.4. Method of glycerol test

The patients are advised to report empty stomach on the day of investigation. PTA test is 
performed before the administration of glycerol and then patient is administered a solution of 
86% of glycerol (1.5 mg/kg of body weight) dissolved in equal volume of physiological saline.

Pure tone audiometry is then repeated at 1, 2 and 3 hours of glycerol administration.

The glycerol test is regarded as positive:

• When the hearing threshold is lowered at least 15 dB at minimum three frequencies or

• When there is a total pure tone threshold shift of 25 dB at three consecutive frequencies or

• When there is a 16% improvement in speech discrimination [26, 27].

In the study conducted at our department (whose results have yet to be published), only those 
patients were included who had definite Meniere’s disease based on the AAO-HNS criteria. 
All these patients were subjected to glycerol testing to determine their suitability for admin-
istration of hydrochlorothiazide. In this study, 74% of patients had a positive glycerol test.

Another study has reported its experience of using the glycerol test in 122 patients with com-
bination of sensorineural hearing loss, tinnitus or vestibular symptoms, in which endolym-
phatic hydrops was considered a possibility. Fifty percent of patients ultimately were found 
to have endolymphatic hydrops and positive test [28].

In a study of series of 95 patients with Meniere’s disease, 47% were found to have a positive 
glycerol dehydration test. Yet another study reported that 60% of patients with Meniere’s 
disease have positive tests. This study also noted that positive tests were found only in ears 
with Meniere’s disease [29]. In another study, intravenous administration of glycerol was 
performed instead of oral administration. Positive results were obtained in 50% (15 out of 
30) of patients 1 hour after administration. The positive ratio was same as oral glycerol test 
[30]. Thus, the results of glycerol testing in our study are comparable with other studies. The 
relatively higher percentage of positive glycerol test in our study could be due to the fact that 
subjects included in our study met the criteria of “definite Meniere’s disease” as laid down by 
AAO-HNS. In our study, the results of administration of hydrochlorothiazide to patients who 
tested positive on glycerol testing indicate an across the board improvement in symptoms of 
Meniere’s disease at the end of follow-up. Thus, it may be concluded that glycerol testing in 
patients with “definite Meniere’s disease” as assessed by AAO-HNS criteria is a good idea to 
select patients who will respond to administration of osmotic diuretics.

Most patients may suffer headache and nausea after drinking the glycerol for post-glycerol 
audiometric evaluation, which usually subsides after few hours.

3. Speech audiometry

The objective of speech audiometry testing is to measure patient’s ability to identify speech 
stimuli, to confirm results of pure tone audiometry and to rule out the presence of nonorganic 
hearing loss or retro-cochlear pathology.
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The battery of speech audiometry tests includes speech detection threshold (SDT), speech 
recognition threshold (SRT) and word recognition score (WRS).

Word recognition test scores are often plotted on a graph. A point on this graph represents 
the percentage words correctly repeated by the patient at a specified intensity level from 
completed standardized list of words. Cochlear pathology tends to demonstrate a “plateau 
effect,” reaching a ceiling of performance at <100% and no improvement in the score despite 
a rise in intensity.

4. Otoacoustic emission

An otoacoustic emission (OAE) is a low-level sound emitted by the cochlea either spontane-
ously or evoked by an auditory stimulus. Specifically, OAEs provide information related to 
the function of the outer hair cells (OHC) [31].

The use of OAEs in the assessment of patients with Meniere’s disease has been well docu-
mented. According to Van Hufflen et al., patients with Meniere’s disease can essentially be 
divided into four categories. It has been documented that OAEs present in ears with minimal 
hearing loss and absent in ears where pure tone thresholds exceed 60 dB HL. Both these sce-
narios are acceptable clinically. Among patients who have hearing thresholds in intermediate 
range of 30–60 dB HL two scenarios emerge. In the first scenario, OAEs are measurable in 
large values, while OAEs are not measurable at all. It has been postulated that variable pat-
terns of OAEs in patients with Meniere’s disease may be due to more than one precise sites 
of lesion. It was postulated by Hall that among patients in whom OAEs are present despite a 
hearing impairment more than 30 dB, the audiometric picture is not representing outer hair 
cells. He said that in these patients, the outer hair cells may have been spared and data are 
representative of inner hair cell function [32].

A number of studies have been conducted to determine the utility of OAE and changes in 
OAE during glycerol test undertaken to diagnose endolymphatic hydrops. In a study, TEOAE 
and DPOAE were measured before and 3 h after oral administration of glycerol in 22 years of 
patients with Meniere’s disease. The positive result in the glycerol test was observed in 11 of 
22 ears. However, of the two OAEs, DPOAE was considered more appropriate than TEOAE 
for monitoring during the glycerol test because of its high sensitivity in detection of changes 
in cochlear function. The study concluded that clinical use of OAE, especially DPOAE, as a 
test complementary to pure tone audiometry during the glycerol test is very useful and will 
improve the diagnosis of endolymphatic hydrops [33].

The worth of DPOAE to spot minimal inner ear dysfunction which might be due to endolym-
phatic hydrops and may otherwise go undetected on pure tone testing has been emphasized 
by a few clinical studies. A study specifically examined a set of patients whose only present-
ing complaint was fullness of ear/ears. The study used glycerol test with PTA and DPOAE 
to diagnose subjects at an early stage of Meniere’s disease and may have the potential to 
progress toward the full-blown disease. It was concluded that those patients in whom the 
only symptom is fullness of ear/ears may potentially be in early stages of the condition [34].
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A study was conducted to follow up the dynamics of pure tone threshold and DPOAE ampli-
tude changes induced by glycerol with reference to its activity in inner ear; 38 patients with 
Meniere’s disease and having positive glycerol test were included in the study. It was con-
cluded that audiometry and DPOAE measurements in the glycerol test procedure are the 
most profitable after the third hour since glycerol administration due to the most significant 
outcomes of both at this time. Observed changes in pure tone audiometry concern lower fre-
quencies and in DPOAE middle frequencies [25].

5. Electrocochleography

“Electrocochleography” (ECochG) is an investigation employed to measure electrical poten-
tials of cochlea. The components of ECochG include measurement of cochlear potentials in 
response to a stimulus and measurement of the whole nerve or compound action potential 
(AP) of the eighth nerve.

A study conducted to evaluate the role of ECochG in the diagnosis of Meniere’s disease con-
cluded that ECochG has little role in diagnosing or ruling out Meniere’s disease [35].

Although the utility of ECochG diagnosis continues to be disputed, it has been proposed that 
in the situation that ECochG confirms the diagnosis of Meniere’s disease, one can be confident 
in deciding about an invasive therapy. What course be adopted when patient exhibits symp-
toms that confirm the diagnosis of Meniere’s disease, but ECochG is within normal limits 
remains a dilemma [36].

6. Conclusion

It is a challenging task to arrive at a conclusive diagnosis of Meniere’s disease. A detailed his-
tory must be elicited from the patients, who should be encouraged to describe the symptoms 
in their own language. The sequence of events as they appeared and their characteristics help 
in arriving at a possible diagnosis. A thorough clinical examination is a mandatory compo-
nent of initial encounter with the patient. Pure tone audiometry is the principal tool to docu-
ment nature and degree of hearing loss. It is highly useful to have previous audiograms and 
compare them with the current audiogram. It helps understand fluctuant nature of disease 
and its progression. Glycerol test is a useful component of audiological assessment and has 
been combined with PTA and OAE. In author’s experience, results of glycerol test in combi-
nation with PTA may be used to decide the possible line of treatment. Those patients with a 
positive glycerol test give better results with diuretics such as hydrochlorothiazide and those 
with a negative test respond better to oral steroids such as prednisolone. The word recogni-
tion scores recorded in speech audiometry demonstrate a typical “plateau effect,” reaching a 
ceiling of performance at <100% and no improvement in the score despite a rise in intensity. 
OAE, especially DPOAE, has been particularly found useful in diagnosis of Meniere’s dis-
ease. The role of electrocochleography (ECochG) in the diagnosis and monitoring of treat-
ment for Meniere’s disease remains controversial.
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Abstract

Ménière’s disease (MD) is a progressive inner ear disorder that affects at least 0.2% of the 
population in EUA. The symptoms triad of fluctuating hearing loss, tinnitus, and vertigo 
was described by Prosper Ménière for more than a century and its pathophysiology is 
still unknown. MD has a fluctuating course and in many cases, difficult clinical man-
agement. Progressive hearing loss and intense dizzying seizures becomes more frequent 
as the disease progresses. All of this increases the challenges of accurate identification 
and has probably led to the trial of several tests for identifying MD. The tests are useful 
tools to assist the otolaryngologist both in diagnosis and prognosis of MD. These tests 
includes audiometry, otoacustic emission (OAE), electrocochleography (EcochG), vestib-
ular evoked  myogenic potentials (VEMP), cochlear hydrops analysis masking procedure 
(CHAMP) and video head impulse test (vHIT).

Keywords: Meniere’s disease, endolymphatic hydrops, electrocochleography, VEMP, 
CHAMP, vHIT

1. Introduction

Ménière’s disease (MD) is a progressive inner ear disorder that affects at least 0.2% of the 
population in EUA [1]. The symptoms triad of fluctuating hearing loss, tinnitus, and vertigo 
was described by Prosper Ménière for more than a century and its pathophysiology is still 
unknown.

For a long time, it was believed that endolymphatic hydrops would be the histopathological 
substrate of the disease. The cause of hydrops is still unknown and most of the theories are 
based on altered endolymph production or reabsorption. The hydrops occurs more often in 
the cochlea and saccule, followed by the utricle and semicircular channels [2]. Recent stud-
ies have indicated that hydrops is a finding of the MD, together with the symptoms, since it 
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alone does not explain all the clinical features, including the progression of hearing loss and 
the frequency of vertigo attacks [3].

According to the criteria of the Bárány Society, MD is classified as definite or probable. In 
definite MD, the patient should have had two or more spontaneous episodes of vertigo, each 
lasting from 20 min to 12 h, documented mild to moderate sensorineural hearing loss, aural 
symptoms (hearing, tinnitus, and fullness) in the affected ear, and exclusion of other vestibu-
lar disorders that explain the symptoms. In probable MD, the patient should have had two 
or more episodes of vertigo or loss of balance, each lasting from 20 min to 24 h, floating aural 
symptoms (hearing, tinnitus, or fullness) in that ear, and exclusion of other vestibular disor-
ders that explain the symptoms [4].

MD has a fluctuating course and in many cases difficult in clinical management. Progressive 
hearing loss becomes more frequent and intense dizzying seizures as the disease progresses. 
All of this increases the challenges of accurate identification, and has probably led to the trial 
of several tests for identifying MD. The tests are useful tools to assist the otolaryngologist both 
in diagnosis and prognosis of MD. Identify the site of hydrops, even in cases of severe hear-
ing loss and possible involvement of the asymptomatic ear are useful information on disease 
management.

These tests includes tonal and speech audiometry /impedance, otoacustic emissions (OAE), 
electrocochleography (EcochG), vestibular evoked  myogenic potentials (VEMP), cochlear 
hydrops analysis masking procedure (CHAMP) and video head impulse test (vHIT).

2. Electrophysiology

2.1. Tonal and speech audiometry/Impedance

Audiometry is helpful to confirm the diagnosis and it is a part of the criteria of the Bárány 
Society. In the early stages of the disease, there is a low frequency sensorineural hearing loss 
that fluctuates in time. In some cases, it also affects high frequency, setting the pattern of 
inverted U. In later stages, the hearing loss would increase and the audiogram would become 
more and more flat. Sometimes, a decreased speech discrimination is also mentioned as a 
common symptom of MD [5]. Hearing loss initially resolves after attacks, but with the disease 
progression, patients may experience loss of auditory nerve fibers. The impedance is helpful 
to exclude middle ear pathology.

2.2. Otoacoustic emission (OAE)

Otoacoustic emissions are subliminal sounds detected in the external auditory canal and gen-
erated by the outer hair cells. They are useful in the diagnosis of many cochleopathies, includ-
ing MD.

Authors believe that hydrops causes changes in the hydrodynamic and cochlear biomechani-
cal micromechanism, due to changes in the interciliary bridges caused by the distension of 
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membranes and cells within the cochlear duct. These changes could affect the transmission 
of the stimulus by outer hair cells, but not necessarily loss of them. The selective atrophy of 
the short and medium stereocilia at the cochlea’s apex is correlated with the hearing loss in 
low frequencies that occur in the early phase of MD. The OEA can reveal early lesions due 
to alterations of the cochlear micromechanism not correlated with the auditory thresholds 
detected in tone audiometry [6].

The distortion product otoacoustic emission (DPOAE) was considered more appropriate than 
transient otoacoustic emission (TEOAE) for monitoring during glycerol test because of its 
high sensitivity in the detection of changes in cochlear function. DPOAE is a complementary 
test to pure tone audiometry during the glycerol test. It is very useful and will improve the 
diagnosis of endolymphatic hydrops [7].

2.3. Electrocochleography (EcochG)

Electrocochleography records the three mechanoelectrical potentials of the cochlea. The 
cochlear microphonic is considered the first step to the neural impulse. It reflects the sum of 
the intracellular potentials generated in the hair cells of the basal portion of the cochlea dur-
ing depolarization [8]. Hall in 2007, Durrant, Ding and Salvi in 1998, affirm that the inner hair 
cells play a central role in the generation of SP, while other authors, such as Burkand et al. 
believe that it is generated by both internal and external hair cell [8–10]. Action potential (AP) 
is the sum of the synchrony of individual neural APs of the cochlear nerve.

Electrocochleography is the test capable of measuring endolymphatic hydrops in the cochlea. 
The test is usually performed with a transthympanic or extrathympanic electrode (Figure 1). 
Hydrops changes the mechanical properties of the cochlea, leading to asymmetric movements 
of the basilar membrane, which may exacerbate the SP, and consequently, increases the ratio 
between the amplitudes of SP and AP. The increase in SP amplitude will change according to 
the existing pressure and volume of the intralabirintic fluid [10, 11] (Figure 2).

The SP/AP ratio thresholds are variable in the literature. Pappas et al. believe that any result 
above 0.5 in an extratympanic EcochG is suggestive of endolymphatic hydrops [12], while 
Iseli and Gibson established a value of 0.33 in a transtympanic EcoghG [13].

Lamounier et al. in a systematic review reported that in 25–54% of patients with MD, the 
electrocochleography presented normal results, with the sensitive of the test ranging from 57 
to 71% and a specificity ranging from 92 to 96%. In most studies selected, the transtympanic 
electrode is the most widely used. EcochG  in MD presents a variable sensitivity, as in cases of 
hearing loss due to disease progression, patients may experience a reduction in the amplitude 
of AP due to loss of auditory nerve fibers [14–17].

On comparing the results of the transtympanic and extratympanic electrocochleography in 20 
patients with Ménière's disease and 20 control patients, Ghosh et al. reported a significant dif-
ference between the SP/AP ratios of the cases and control groups. For an SP/AP ratio of 0.29, 
they found 100% sensitivity, 90% specificity to transtympanic, and 90% and 80% to the extra-
tympanic EcochG, respectively, and concluded that extratympanic EcochG is a non-invasive 
method, effective and easier to carry out in clinical practice than transtympanic EcochG [15].
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Lamounier et al. also found in the systematic review that the analysis of the SP/AP ratio curve 
of the transtympanic electrocochleography did not necessarily increase sensitivity in the diag-
nosis of hydrops when compared with the SP/AP amplitude [14, 16–18].

Gibson et al. compared EcochG results in ears with Ménière’s disease and healthy ears with 
similar hearing loss and concluded that click SP/AP measurements are not helpful in making 
this differentiation but that tone burst SP amplitude measurements were significantly differ-
ent between these populations [19].

Colon and Gibson showed that the sensitivity of transtympanic electrocochleography increased 
to 85% when 1 kHz of tone burst was used to measure SP. They reported that the majority of 

Figure 1. Position of  EcochG´s electrodes.
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 specialists or 58.6%, use click stimuli as opposed to 17.2%, who use tone burst, and 24.3% who use 
both stimuli [20]. Lopes et al. evaluated the sensitivity and specificity of the SP/AP ratio and graphic 
angular measurement in electrocochleographies of 71 ears of 41 MD patients and 14 normal-hear-
ing control patients. They concluded that the graphic angular measurement is not sensitive or spe-
cific enough to diagnose MD. The association of the SP/AP ratio and graphic angular measurement 
in conjunction improved the sensitivity to the detriment of the specificity of the test [21].

Electrocochleography is a valuable tool in the diagnosis of cochlear hydrops, as it is noninva-
sive, easy to handle, and offers new techniques to increase the sensitivity of the test.

2.4. Vestibular evoked myogenic potentials (VEMP)

Vestibular evoked myogenic potentials (VEMP) emerged as a recent and complementary way 
of vestibular system assessment with the specific analysis of the saccular function and inferior 
vestibular nerve.

In 1992, Colebatch and Halmagyi proposed that the saccular macula was the peripheral receptor 
of the vestibular-spinal reflex and in 1994 reported surface potential in the sternocleidomastoid 
(SCM) muscle in response to clicks through high-intensity air conduction (100 dB), accessing the 
Sacculo-collic reflex [22].

VEMP is, therefore, a short latency myogenic response, generated after a sound stimulus, origi-
nating in the sacculo and conducted by the inferior division of the inferior vestibular nerve to the 
central nervous system, generating inhibitory electrical responses captured by surface electrodes 
on the muscles, during muscular contraction. This neural response is a reflex arc of three neurons 
that surround the inner ear, the brainstem, and the  vestibular-spinal pathway [22–24] (Figure 3).

Figure 2. EcochG.
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Similar myogenic responses have been captured in other muscle groups. The responses cap-
tured in SCM are called cervical VEMP (cVEMP) and those collected in the extraocular mus-
culature are called ocular VEMP (oVEMP). VEMP can be obtained by air and bone conduction 
and galvanic stimulation, using tone burst or clicks stimulus [23–25] (Figure 4).

The electrical responses of these potentials consist of two biphasic waves, the first negative 
wave, with latency around 13 ms, known as p13. This is followed by another wave, this 
time positive, with latency around 23 ms, known as n23. There is also a second biphasic 
complex known as n34-p44, but due to the lack of replicability of this second complex, only 
the first complex is considered. The electromyographic potential recording waves are usu-
ally defined by: latency, wave morphology, peak-to-peak amplitude, or the difference in 
values between the most positive point of one wave and the most negative point of another 
wave [26] (Figure 5).

The large variation in the amplitude of the responses, due to the different degrees of mus-
cular contracture obtained for each individual, justifies the analysis of the VEMP responses 
through the interaural asymmetry index. The literature review showed that VEMP is con-
sidered altered by the absence of reproducible waves and or asymmetry index of interaural 
responses greater than 34% [26].

Figure 3. Neural pathway of VEMP.
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The cVEMP is more sensitive for deep bass. Stimuli with frequencies near 500 Hz have higher 
response amplitudes. Air conducted (AC) sound is the most commonly used stimulus for 
eliciting cVEMPs. Tone bursts are preferable above clicks because the latter have less reliable 
results and need higher absolute intensities to evoke a response [26].

The cVEMP is absent or decreased by 30–54% in patients with MD [22, 23]. It may be 
increased in the early stages of MD, perhaps by the pressure of saccular hydrops against 
the stapes footplate, increasing sensitivity sacular to intense sound. Its measurement may 
be floating, with a tendency to disappear with the progression of the disease, as well as 24 h 
post-crisis, which may reappear after 48 h or with the use of drugs to reduce endolymphatic 
hydrops [25–27].

Figure 4. Position of cervical VEMP´s electrodes.
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Figure 5. VEMP ´s waves.

Lamounier et al. evaluated the sensitivity and specificity of VEMP and EcochG in the diagnosis 
of definite MD compared with the clinical diagnosis. The study includes 12 patients (24 ears) 
diagnosed with definite MD defined according to the clinical criteria proposed by the American 
Academy of Otolaryngology Head and Neck Surgery (AAO-HNS) in 1995, as well as 12 healthy 
volunteers allocated to the control group (24 ears). A clinical diagnosis by the AAO-HNS criteria 
was considered as the gold standard. All patients underwent an otoneurological examination, 
including pure tone and speech audiometry, cVEMP and extratympanic EcochG. The sensitiv-
ity and specificity to detect the presence or absence of disease were calculated. In both tests and 
in both ears, the ability to diagnose healthy cases was high, with specificity ranging from 84.6 
to 100%. Moreover, the ability of the tests to diagnose the disease varied from low to moderate 
sensitivity, with values ranging from 37.5 to 63.6%. The agreement of both tests in the right ear, 
measured by the kappa coefficient, was equal to 0.54 indicating a moderate agreement. In the 
left ear, that agreement was equal to 0.07 indicating a weak correlation between the tests. The 
sensitivity of the VEMP for the right ear was 63.6% and for the left ear, 62.5%. The sensitivity of 
EcochG for the right ear was 63.6% and 37.5% for the left ear. They concluded that the specificity 
of both tests was high, and the sensitivity of VEMP was higher than that of EcochG [3].

Similar to cVEMPs, oVEMPs can also be augmented in MD [28].

The ocular VEMP (oVEMP) is a more recently described reflex, which is thought to reflect pre-
dominantly utricular otolith function and can be understood as part of the vestibulo-ocular 
reflex (VOR). Patients with MD have higher rates of attenuated or absent oVEMPs than nor-
mal subjects, increasing with advancing disease [28–30].

Wen et al. recruited unilateral MD patients with either augmented or reduced oVEMPs (asym-
metry >40 and <100%) in response to bone-conducted vibration and found that augmented 
oVEMPs were seen more frequently in patients with early stage MD. Augmented responses 
might also be more likely when recorded during an attack [31].

Winters et al. examined air-conducted oVEMPs in MD patients and found lower response rates 
with smaller amplitudes and higher thresholds compared to normal subjects. Interestingly, 
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Wen et al. recruited unilateral MD patients with either augmented or reduced oVEMPs (asym-
metry >40 and <100%) in response to bone-conducted vibration and found that augmented 
oVEMPs were seen more frequently in patients with early stage MD. Augmented responses 
might also be more likely when recorded during an attack [31].

Winters et al. examined air-conducted oVEMPs in MD patients and found lower response rates 
with smaller amplitudes and higher thresholds compared to normal subjects. Interestingly, 
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this effect was observed not only in the affected, but to a lesser extent also in the clinically 
unaffected ears [32].

The VEMP is easy to perform, does not cause discomfort to patient and does not vary with 
hearing loss. The ability to predict the presence of abnormalities in an asymptomatic ear is 
one of the great features of VEMP [33].

2.5. Cochlear hydrops analysis masking procedure (CHAMP)

The cochlear hydrops analysis masking procedure (CHAMP) was introduced in 2005 as a new 
test to diagnose MD. Don et al. showed that endolymphatic hydrops in patients diagnosed 
with MD causes changes in the response properties of the basilar membrane that lead to 
impaired high-pass noise masking of auditory brainstem response (ABR) to clicks in staked 
ABR. The latency delay in normal-hearing ears, between wave V for the click alone response 
and the 0.5 kHz high-pass masking noise condition, is significantly longer than that in MD 
ears. This difference is known as the latency delay [34].

The increased velocity of the traveling wave would affect the properties of the basilar mem-
brane but cannot affect the tonotopic organization along the basilar membrane. The increased 
velocity of the traveling wave is more likely to impact the low frequencies as they are repre-
sented toward the apical end on the basilar membrane. When ABR latencies are obtained by 
presenting clicks along with the high-pass masking noise in individuals with Méniére’s dis-
ease, the altered motion mechanics of the basilar membrane limits the ability of low-frequency 
noise to mask the activity in high frequency [35, 36] (Figure 6).

Figure 6. CHAMP.
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In individuals with MD, we can observe the phenomenon of undermasking in high-pass 
responses, whereas the undermasking phenomenon is not seen in normal individuals. This 
would in turn result in lesser latency difference between click alone and click with 500 Hz 
high-pass masking noise condition in ears with MD than unaffected or normal ears [37].

Don et al. conducted the test in 23 definite MD patients and compared the results with 38 non-MD 
normal-hearing subjects. Their measures did not demonstrate an overlap between the Ménière’s 
and nonMénière’s groups, and therefore, the authors concluded that the test had an extremely 
high, even 100%, sensitivity and 100% specificity for diagnostic use in individual patients [34].

However, some studies have questioned these findings by reporting significantly lower sen-
sitivity and specificity values. De Valck et al. evaluated CHAMP performance in Ménière 
patients and normal controls, and revealed no discriminative value in differentiating 
Ménière’s from non-MD subjects with otovestibular symptoms [37].

Kingma investigated the usefulness of the cochlear hydrops analysis masking procedure 
(CHAMP) as an additional diagnostic test in patients with definite unilateral Ménière’s dis-
ease. With less than 0.3 ms criterion and including the ears in which no delay could be mea-
sured, the sensitivity of the CHAMP is 32% and concluded that abnormal latency delays for 
CHAMP are delays shorter than 2 ms. Earlier results with CHAMP should be reconsidered 
using this criterion, instead of 0.3 ms [38].

Lee et al. suggest that the CHAMP seems to be more valuable in detection of definite MD than 
is extratympanic EcochG [39].

Furthermore, CHAMP can only be recorded for losses not exceeding moderate degree, which 
limits its use to identify Meniere’s disease with lesser degree of hearing losses only.

The literature indicates a need for continued exploration of these tests in order to establish the 
usefulness or lack of it in the diagnosis for MD.

2.6. Video head impulse test (vHIT)

A new quantitative test of vestibular function known as the video head impulse test (vHIT) 
has recently emerged that now allows for discrete measurements of the vestibulo-ocular 
reflex (VOR) during evaluation of the extremely high-frequency head movements. Although 
the bithermal caloric test is useful for assessing low-frequency vestibular system function, the 
head impulse test (HIT), as described by Halmagyi and Curthoys, is a method for testing the 
function in a frequency region encountered in everyday life in the vestibular system [40, 41].

The primary differences between the vHIT and caloric tests are the mode of stimulus delivery 
(thermal gradient vs. natural head motion) as well as the temporal frequency of each exami-
nation (caloric stimulus represents a low-frequency stimulus and the vHIT a high-frequency 
stimulus). It is well known that the vHIT and caloric tests are sensitive to detection of a certain 
percentage of patients with MD [42, 43].

The test involves examiner-initiated high velocity, high-acceleration, and yet, small-
amplitude head movements while the patient is instructed to stare at a stationary target 
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located at center gaze. If the VOR is intact, the patient will be able to maintain foveal 
vision of the target during the head impulse. If the VOR is impaired, rotation of the head 
toward the ipsilesional semicircular canal will drive the eyes off the target, forcing the 
patient to generate a volitional catch-up saccade to bring eyes back to the target [40] 
(Figures 7 and 8).

The receptor of the angular VOR is the crista ampullaris. This structure consists of both type 
I and type II hair cells as well as regularly and irregularly discharging afferent neurons. Type 
I hair cells populate the central part of the crista ampullaris. Irregular afferents primarily 
connect to type I hair cells or a mixture of type I and type II. These hair cells encode high-
frequency, high-acceleration head movements. Type II cells populate the periphery of the 
crista. Regular afferents carry the output of type II hair cells or a mixture of type I and type II 
and likely encode low-frequency, low acceleration movement [44, 45].

Figure 7. VHIT : Speed of the head in black = speed the eyes in green. There is no record of corrective saccades. (Figure 
provided by borgesdecarvalhootorrinos.com.br).

Figure 8. VHIT: Lower eye velocity than head. Presence of saccades. (Figure provided by borgesdecarvalhootorrinos.
com.br).
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Tsuji et al. reported that although MD affected the structure and function of type II hair cells, 
the density and number of type I hair cells appeared unchanged in patients with MD [46].

Maire and van Melle showed that, in early stages of MD, VOR gain was higher when the 
patient was rotated toward the affected ear, but this observed enhancement diminished as the 
disease progressed [47].

McCaslin et al. presented three cases of patients with Ménière’s disease with asymptomatic 
vestibular dysfunction demonstrated with videonystagmography (VNG) testing, which pro-
vided a quantitative measure of VOR gain. The authors found a dissociation between the 
caloric test and VHIT results, and they explained these findings by understanding the differ-
ent dynamic response properties of the two primary populations of neurons in the crista [40].

The assessment of cochlear function with audiometry, EcochG and CHAMP, of the sac-
cule through cervical VEMP, of the utricle through ocular VEMP, of the lateral semicircular 
canal with the caloric tests, and all of the semicircular canals by the vHIT demonstrates the 
advancements of research in the vestibular diagnosis. New paths are open to the discovery 
of the pathophysiological mechanism of a disease that was first described over a century ago 
and still has no defined treatment protocol.
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Abstract

Audiological and vestibular testing plays an important role in diagnosis of Menière’s 
disease,as disease per se and as staging diagnosis. A battery of tests are recommended in 
order to have a better evaluation of the disease. Audiological testing includes pure tone 
audiometry, with highlights of bone conduction especially in acute episodes of Menière’s 
disease, speech audiometry and glycerol test when hearing loss is documented, ABR 
and electrocochleography. Besides these investigations, vestibular investigations are 
also recommended in order to evaluate the degree of vestibular lesion present from the 
beginning of Menière’s disease—electro- and videonystagmography, head impulse test, 
vestibular evoked myogenic potentials and computerized dynamic posturography.

Keywords: pure tone audiometry, glycerol test, auditory brainstem response, vestibular 
evoked myogenic potentials

1. Introduction

The aim of this chapter is to clearly identify the usefulness of audiological investigations, both 
for hearing and for vestibular function, in positive diagnosis of Menière’s disease and in stag-
ing the lesion. This is important for counselling the patients regarding the disease long-term 
evolution and also for appropriate management of the disease.

Inner ear spaces of the anterior and posterior labyrinth communicate in between and endo-
lymphatic hydrops present in the Menière’s disease usually affects both auditory and vestibu-
lar sensorial structures located in the two parts of the inner ear.

In this chapter, hearing and vestibular testing will be presented, as tests are recommended 
for positive and differential diagnosis of the Menière’s disease. Regarding Menière’s disease 
diagnostic, audiological and vestibular testing plays an important role in diagnosis of the dis-
ease per se and for staging diagnosis. Besides medical importance, accurate diagnosis is also 
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important for counselling the patients regarding the disease long-term evolution and also for 
appropriate management of the disease.

2. Audiological evaluation

Audiological testing includes pure tone audiometry, with highlights of bone conduction espe-
cially in acute episodes of this disease, glycerol test when hearing loss is documented, audi-
tory brainstem response (ABR) and electrocochleography.

2.1. Pure tone audiometry

Pure tone audiometry is a subjective method of hearing evaluation. Patient must signalize the 
faintest sound he/she hears. Pure tone with specific frequencies is used (125, 250, 500, 1000, 2000, 
4000, and 8000 Hz), based on the human normal hearing frequency range (20–20,000 Hz).

Sounds are presented both in air and bone conduction in order to have an accurate image of 
the hearing.

The result of the test is shown in a graph, a Cartesian system with frequency tested (in Hz) on 
horizontal axis and intensity (in dB HL) on the vertical one. Frequency varies between 125 and 
8000 Hz and intensity between −10 and 120 dB (the latest represents the painful sensation, not 
an audible one = uncomfortable level). Based on patient’s response, the least audible intensity 
(threshold) on each tested frequency is plotted.

Threshold notation is standardized internationally (ISO system) and colors as well: red for the 
right ear and blue for the left ear (Figure 1):

• Air conduction: “circle” for the right ear and “X” for the left ear

• Nose-opened brackets for bone conduction: “<” and “>” in unmasked condition and “[“ 
and “]” in masked condition

Normative for hearing thresholds (THR) were established based on nonotological history teen-
agers’ responses decades ago and normal hearing stands for hearing thresholds between −10 
and +20 dB on all frequencies, without differences between air and bone conduction (Figure 2).

Pure tone audiometry is the method of choice for hearing evaluation also in Menière’s disease 
patients in [1, 2]. When hearing loss (HL) is permanent, Menière’s disease patients experience 

Figure 1. Standardized notation for hearing thresholds.

Up to Date on Meniere's Disease100



important for counselling the patients regarding the disease long-term evolution and also for 
appropriate management of the disease.

2. Audiological evaluation

Audiological testing includes pure tone audiometry, with highlights of bone conduction espe-
cially in acute episodes of this disease, glycerol test when hearing loss is documented, audi-
tory brainstem response (ABR) and electrocochleography.

2.1. Pure tone audiometry

Pure tone audiometry is a subjective method of hearing evaluation. Patient must signalize the 
faintest sound he/she hears. Pure tone with specific frequencies is used (125, 250, 500, 1000, 2000, 
4000, and 8000 Hz), based on the human normal hearing frequency range (20–20,000 Hz).

Sounds are presented both in air and bone conduction in order to have an accurate image of 
the hearing.

The result of the test is shown in a graph, a Cartesian system with frequency tested (in Hz) on 
horizontal axis and intensity (in dB HL) on the vertical one. Frequency varies between 125 and 
8000 Hz and intensity between −10 and 120 dB (the latest represents the painful sensation, not 
an audible one = uncomfortable level). Based on patient’s response, the least audible intensity 
(threshold) on each tested frequency is plotted.

Threshold notation is standardized internationally (ISO system) and colors as well: red for the 
right ear and blue for the left ear (Figure 1):

• Air conduction: “circle” for the right ear and “X” for the left ear

• Nose-opened brackets for bone conduction: “<” and “>” in unmasked condition and “[“ 
and “]” in masked condition

Normative for hearing thresholds (THR) were established based on nonotological history teen-
agers’ responses decades ago and normal hearing stands for hearing thresholds between −10 
and +20 dB on all frequencies, without differences between air and bone conduction (Figure 2).

Pure tone audiometry is the method of choice for hearing evaluation also in Menière’s disease 
patients in [1, 2]. When hearing loss (HL) is permanent, Menière’s disease patients experience 

Figure 1. Standardized notation for hearing thresholds.

Up to Date on Meniere's Disease100

sensorineural hearing loss (average of hearing THR on 0.5, 1, and 2 kHz greater than 20 dB), 
with pathological thresholds on low frequencies (Figure 3).

Cochlear sensorineural hearing loss (SNHL) is accompanied by recruitment, a phenom-
enon of increased loudness perception—above an increase threshold, higher intensity 
sounds are as loud to the hearing impaired person as for a normal hearing one and thus 
disturbing.

Figure 2. Pure tone audiometry—normal hearing in both ears.

Figure 3. Low frequency sensorineural hearing loss in left ear.
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Some authors describe in Menière’s disease patients a particular type of recruitment—hyper- or 
overrecruitment: loudness in the affected ear overtakes the normal ear at high intensities in [3–5].

When differences between air conduction thresholds in both ears exceed 40dB for supra-aural 
earphones or 55 dB when insert earphones are used, air conduction masking is mandatory for 
that specific frequency where this difference exists. For bone conduction, masking is mandatory 
whenever more than 10dB difference between bone and air conduction thresholds is present on 
that specific frequency. Bone conduction masking is essential in differentiating conductive and 
sensorineural hearing loss.

It is not unusual to have a conductive component of the hearing loss in Menière’s disease 
acute phase—disturbances in endolymph metabolism lead to pressure variations at the round 
and oval window with secondary increases of impedances. High impedances diminish air 
transmission of the sounds, with consecutive cochlear conductive hearing loss (Figure 4). In 
these cases, middle ear test (tympanometry and acoustically evoked stapedius reflex) shows 
no impairment of the middle ear as cause of the conductive component of the hearing loss.

2.2. Speech audiometry

Besides pure tone audiometry, speech audiometry complements auditory evaluation. It is a 
more complex test, since evaluates the entire auditory pathway as hearing is a cortical process. 
Speech audiometry is also a subjective audiological test where the tested person has to repeat 
the heard stimuli—numbers, monosyllabic, disyllabic words, or sentences.

The result of the test is a Cartesian graphic with percentage of correct repeated stimuli on the 
vertical axis for each intensity tested and with intensity of the stimulus on the horizontal axis. 
For each intensity, a phonemic-balanced list of 10 stimuli (numbers, monosyllabic, disyllabic 
words, or sentences) is presented. These percentages draw a curve which crosses the 50% line 
at some specific intensity. This crossing represents the threshold of speech audiometry. For 
normal hearing, conductive or cochlear sensorial sensorineural hearing loss, this threshold 
must correlate with pure tone average ±7 dB (Figure 5).

Figure 4. Conductive (a) or mixed (b) hearing loss due to cochlear conductive hearing loss.
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If in cochlear sensorineural hearing loss of other etiology there is a good correlation (±7 dB) 
between pure tone and speech audiometry THR, in prolonged Menière’s disease, some differ-
ences may appear.

Another parameter used in interpretation of the speech audiometry is the maxim of intel-
ligibility/discrimination. It represents the highest percentage of correct repeated stimuli the 
patient obtains. For normal hearing or conductive hearing loss persons, 100% intelligibility 
is reached.

Sensorineural hearing loss induced distortions in audition which can limit the maximum of 
discrimination. Speech audiometry can draw attention on the estimated site of hearing loss, 
cochlear, or retrocochlear: in cochlear lesions, once the maximum score of discrimination is 
reached, it remains constant as higher intensities are tested. In retrocochlear sensorineural 
hearing loss an odd phenomenon occurs—as intensity increases, the patient understands less 
word (roll-over phenomenon).

2.3. Glycerol test

In patients with Menière’s disease and permanent sensorineural HL, if low frequencies THR 
are greater than 40 dB, glycerol test is recommended. Since endolymphatic hydrops is the 
pathophysiological mechanism of the Menière’s disease, oral administration of a hypertonic 
solution will extract liquids from tissues, including from the endolymphatic space. Thus, the 
endolymphatic pressure is diminished and hearing and vestibular sensorial epithelium recov-
ers from increased pressure. The clinical effect of this restoration is improvement of both 
auditory and vestibular system function 2 h and 30 min after the ingestion, when both pure 
tone audiometry and speech audiometry are repeated.

Hearing improvement can be documented by pure tone audiometry and speech audiometry. 
An improvement of the THR on at least 10dB on three consecutive frequencies in pure tone 
audiometry and/or a more than 12% improvement of speech audiometry THR is considered 

Figure 5. Speech audiometry.
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a positive glycerol test (Figure 6). Some authors consider this as an indication for diuretic 
treatment, since the endolymphatic system has the capacity to modify its pressure after oral 
administration of a hyperosmolar solution.

2.4. Brainstem evoked response audiometry (BERA)/auditory brainstem response (ABR)

ABR—is an objective electrophysiological audiological method that allows recording of the 
electrical activity evoked by neural activity in the auditory pathways, from the cochlea to 
the brainstem (lateral lemniscus) in Refs. [6, 7]. Surface electrodes are used in this far-field 
technique. Most commonly used acoustic stimulus is the click—a brief (0.1 ms) rectangular 
stimulus. Click-evoked ABR reflects hearing sensitivity in the frequency range of 1–4 kHz with 
a high correlation with pure tone audiometry threshold in this frequency domain, especially at 
4 kHz where the stimulus’ energy is maximum.

ABR is the first evoked potentials, with seven characteristic waves in the first 10 ms after 
click stimulation at high intensities: 70–90 dB normal hearing level (nHL). These waves were 
first described by Jewett, as response of different auditory pathway structures after acoustic 
stimulation:

• wave I: proximal auditory nerve

• wave II: distal auditory nerve

• wave III: cochlear nuclei

• wave IV: superior olivar complex

• wave V: lateral lemniscus

Figure 6. Positive glycerol test.
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• wave VI: medial geniculate body (thalamus)—probable

• wave VII: medial geniculate body (thalamus)—probable

First five are mostly used in interpretation of the BERA recordings. In Menière’s disease 
patients, BERA is mandatory in order to rule out a retrocochlear etiology of the sensorineural 
hearing loss. Latencies, interpeak intervals and interaural differences of the latencies and inter-
peak intervals are the parameters used for this differential diagnosis (Figure 7).

In general, ABR exhibits a sensitivity of over 90% and a specificity of approximately 
70–90%. Findings suggestive of retrocochlear pathology may include any one or more of 
the following:

• Absolute latency interaural difference wave V (IT5)—prolonged as compared with norma-
tive data.

• I–V interpeak interval interaural difference (IPI1-5)—prolonged as compared with norma-
tive data; greater than 0.2 ms in unilateral or symmetrical hearing loss, or greater than 0.3 ms 
in patients with asymmetrical or with noise-induced hearing loss. Interaural IPI difference 
criterion requires no correction for audiogram differences.

• Absolute latency of wave V—prolonged as compared with normative data.

• Absolute latencies and interpeak intervals latencies I–III, I–V, III–V—prolonged as com-
pared with normative data.

• Absence of the later waves.

• Absent auditory brainstem response in the involved ear even though hearing is normal or 
mildly impaired.

• ABR traces not replicable.

• Abnormally low V:I amplitude ratio (less than 1.0)—less sensitivity than latency measurements.

Figure 7. Parameters used in ABR interpretation.

Hearing and Vestibular Testing in Menière’s Disease
http://dx.doi.org/10.5772/66382

105



2.5. Electrocochleography

Electrocochleography (ECochG) is an objective audiological test that measures the electri-
cal potentials derived from the cochlear hair cells and the auditory nerve in [8–10]. These 
potentials are produced between an electrode on the cochlear promontory and an earlobe 
electrode, within a time frame of 5 ms after stimulation with alternative repetitive very 
short acoustic signals (click). Averaging of a large number of potentials (1000 sweeps) is 
needed in order to record the ECochG characteristic wave. Click is the most common stim-
uli used in ECochG due to its effect of very good synchronization of a large number of 
cochlear nerve fibers, mandatory for eliciting a measurable action potential. Click has an 
abrupt onset, very short duration and broad frequency spectra, thus stimulating a very 
large number of hair cells in the basal turn of the cochlea, where the speed of the travelling 
wave is the fastest.

Magnitude and quality of the response depends on the electrode type—transtympanic 
electrode fixed directly on the promontory gives the best recordings, but it is an invasive 
audiological investigation. Alternatively, with good clinical results are used extratympanic 
electrodes, place in the external auditory canal, as close as possible to the eardrum or on the 
eardrum itself.

Synchronization of the auditory nerve fibers after above-mentioned stimulation gives birth to 
global action potential. Its origin lies into the inner ear hair cells and cochlear nerve.

Global action potential consists of presynaptic and postsynaptic potentials (Figure 8).

The first one includes cochlear microphonic (CM) that originates in the outer cochlear hair 
cells and summating potential (SP) arising from the inner cochlear hair cells. Postsynaptic 
potentials, known as global action potential of the cochlear nerve, is generated by all cochlear 
nerve fibers, fired in synchrony by the acoustic stimulus.

In endolymphatic hydrops, due to the increased pressure in scala media, basilar membrane 
vibrates asymmetrical. These changes of the traveling wave lead to several dysfunctions: dis-
torted cochlear microphonics, enlargement of the summating potential and broadening of the 

Figure 8. Global action potential.
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action potential. Magnitude of the AP compared with SP (SP/AP ratio) is increased in endo-
lymphatic hydrops (>30%). The SP/AP amplitude ratio has 50–60% sensitivity in Ménière’s 
disease diagnosis and 95% specificity in Refs. [11, 12] (Figure 9).

Recently, an area ratio (Figure 10) seems to be a more sensitive parameter for detecting endo-
lymphatic hydrops [13]. An increase of more than 2 of SP/AP area together with the increase 
of SP/AP amplitude ratio increases sensitivity and specificity in Menière’s disease diagnosis to 
92 and 83.9%, respectively [14]. Some EP machines enabled automatically measurement of the 
area ratio.

3. Vestibular evaluation

Vestibular investigations are also recommended in Menière’s disease patients not only as a 
recommended battery test for positive diagnosis, but also in order to evaluate the degree of 
vestibular lesion which is present from the beginning of the Menière’s disease.

Both vestibulo-ocular reflex (VOR) and vestibulospinal reflex (VSR) should be evaluated. 
Besides bed-side evaluation, objective vestibular tests are performed for a quantitative mea-
sure of these two vestibular reflexes useful in understanding the vestibular deficits as the 
disease proceeds.

Figure 10. SP/AP area ratio (www.nervecenter.natus.com).

Figure 9. SP/AP amplitude ratio.
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3.1. Vestibulo-ocular reflex

3.1.1. Electronystagmography (ENG)/videonystagmography (VNG)

Electro- or videonystagmography allows quantification of the nystagmus, as specific sign 
of vestibule-ocular reflex dysfunction. Nystagmus, as a conjugate movement of eyes with 
a slow and a fast phase provoked by vestibular asymmetry, reflects variations of the cor-
neo-retinian potential during eyes movement (Figure 11). The slow phase is the effect of 
vestibular stimulation and its amplitude is proportional to the intensity of vestibular stim-
ulation. The fast phase is central in origin and reflects only the reflex movement of the eyes 
to return to their normal position in the orbit. The fast phase direction gives the nystagmus 
direction.

The corneo-retinian potential can be measured by surface electrodes fixed around the eyes, 
horizontal and vertical or registered with infrared camera (Figure 12) in Refs. [15–17]. 
Conventionally, for horizontal electrodes, the upward fast phase is considered right beating 
nystagmus, while the downward fast phase is considered left beating nystagmus. For vertical 
electrodes, the upward fast phase is considered superior beating nystagmus, while the down-
ward fast phase is considered inferior beating nystagmus.

Quantification of the nystagmus is based on several parameters:

• Direction of the nystagmus—linear, vertical, rotatory; right-, left-, superior- or inferior-beating 
nystagmus.

• Velocity of the slow phase, vestibular in origin (Figure 12).

Figure 11. Nystagmus recording = variations of the corneo-retinian potential.

Figure 12. Calculation of nystagmus slow phase velocity.
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Several tests are included in the electro-/videonystagmography (ENG/VNG): spontaneous 
nystagmus, positional, and positioning nystagmus, as well as provoked nystagmus (post or 
perrotatory nystagmus and caloric nystagmus). The provoked test is recommended only if 
patient is not in an acute vertigo phase.

Rotatory and caloric testing evaluates semicircular canal function in response to rotation or 
irrigation with warm and cold water/air of the external ear canal. Bithermal irrigation causes 
convective movement of endolymph in the ipsilateral horizontal semicircular canal, caloric 
test being the only available test that gives information regarding each horizontal semicircular 
canal. The movement of the endolymph provoked by variation of temperature and, second-
ary, endolymph density results in deflection of the cupula of the irrigated semicircular canal. 
Motion of the cupula leads to vestibular hair cell excitation or inhibition with consecutive 
change of the discharge rate in the superior vestibular nerve fibers. The difference between 
the excitatory and inhibitory discharge rates of the two superior vestibular nerves reaches the 
vestibular nuclei. From here compensatory eye movements are elicited (slow phase of nystag-
mus), followed by rapid corrective saccades (fast phase of nystagmus).

In Menière’s disease patients, results in ENG/VNG differ depending on the phase (acute, 
subacute, or chronic) and the duration of the disease.

At the beginning of an acute phase, due to the minor ruptures in the Reissner’s membrane and 
an increase of potassium concentration in the endolymph, the vestibular sensorial epithelium 
in the affected ear is stimulated and the spontaneous nystagmus beats toward the Menière’s 
ear (Figure 13). Soon after, due to constantly increasing of the potassium concentration, the 
vestibular hair cells are intoxicated and their function decrease. In this stage, spontaneous 
nystagmus changes its direction toward the healthy ear.

In the next days after the acute spell of the Menière’s disease results in rotatory and caloric test 
varies—either hypofunction in the affected ear (Figure 14), or symmetric functionality of the 
inner ears. The absence of a fixed vestibular lesion is the case in most of patients. In prolonged 
Menière’s disease (long-term/chronic effect) usually patients’ express caloric hypofunction of 
the affected ear (1/2—2/3 of patients) as VOR reflects the decreased input from the damaged 

Figure 13. Spontaneous nystagmus: A—initial phase of the spell (towards the affected ear); B—end of the spell (towards 
the non-affected ear).
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ear. Caloric stimulation can be done sequential with warm and cold water, respectively, for 
each ear, or simultaneously. Bilateral cold water (30°C) irrigation shows rapidly the affected 
ear—the ear toward the nystagmus appears.

In rotatory chair test, results are usually normal. Directional preponderance is rarely seen, 
usually in long-duration Menière’s disease, when vestibular lesion is stable at some extent 
(Figure 15). But immediately after an acute attack, VOR gain is increased in rotation toward 
the affected ear [18].

In between the acute spells, Menière’s disease patients can experience positional vertigo, usu-
ally due to benign paroxysmal positional vertigo (BPPV). Disturbances in endolymph metabo-
lism affect the function of the stria vascularis with secondary negative effects on the otolithic 
membrane. Still, BPPV is more frequently associated with vestibular migraine than Menière’s 
disease.

3.1.2. Video head impulse test

The video head impulse test (HIT) evaluates as well semicircular canal function. Integrity of the 
VOR allows the tested subject to maintain sight fixed during high-acceleration high-velocity 

Figure 15. Symmetrical VOR response in rotatory test.

Figure 14. Left ear caloric hyporeflexia-hypofunction index > 30%.
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the affected ear [18].

In between the acute spells, Menière’s disease patients can experience positional vertigo, usu-
ally due to benign paroxysmal positional vertigo (BPPV). Disturbances in endolymph metabo-
lism affect the function of the stria vascularis with secondary negative effects on the otolithic 
membrane. Still, BPPV is more frequently associated with vestibular migraine than Menière’s 
disease.

3.1.2. Video head impulse test

The video head impulse test (HIT) evaluates as well semicircular canal function. Integrity of the 
VOR allows the tested subject to maintain sight fixed during high-acceleration high-velocity 

Figure 15. Symmetrical VOR response in rotatory test.

Figure 14. Left ear caloric hyporeflexia-hypofunction index > 30%.
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head rotations in space (gain values close to 1.0, as the ratio between eye and head velocity). 
Rotation is performed in each plane with an excitatory effect on each of the six semicircular canals.

A positive HIT stands for complete lesion of the fibers connected with the tested semicircular 
canal. In comparison with caloric testing, video HIT is abnormal in much more small numbers 
of Menière’s disease patients, maybe because vestibular lesion is not complete.

3.2. Vestibulospinal reflex (VSR)

Equilibrium is a complex process, essential in human well-being and daily activities. It allows 
standing on different supports as well as walking and other movements without falling or 
disequilibrium.

Body and head position in space, related to gravity and environment landmarks (of verticality 
for example), is based on normal and correlated information’s form sensorimotor, visual and 
vestibular systems. The most important, for sure until adult life, is the sensorimotor system—
proprioceptors from feet and neck contribute mostly in equilibrium as we move in space.

As long as the child grows, visual information becomes more important in equilibrium, espe-
cially when visual surroundings are difficult.

A vestibular system develops in function in the first year of life and contributes progressively 
more to equilibrium. Its contribution increases in the case of a lesion in either of the other two 
systems [15–17]. Besides this, a severe unilateral vestibular deficit or bilateral vestibular lesion 
has a huge impact on equilibrium, at least for several weeks until a unilateral vestibular deficit 
is compensated by the other ear.

In Menière’s disease, pathophysiology of the disease explains the fluctuating vestibular func-
tion of the affected ear. So, we do not have a stable deficit, at least not a complete one, or from 
the very beginning of the disease. For this reason, vestibular investigations have different 
results, from patient to patient, as we discussed in the ENG section.

3.2.1. Computerized dynamic posturography

Computerized dynamic posturography (CDP) contributes with specific parameters in moni-
toring patients with Menière’s disease—for appropriate diagnostic and management. CDP is 
based on a force plate system capable of measuring the antero-posterior balance of the center 
of gravity of the tested subject and automatically compare this balance with normal values for 
patient’s group of age.

Sensory organization test (SOT) is the most common test of CDP. It allows a selective use of 
each of the three systems involved in equilibrium during six different conditions of testing 
(Figure 16) in [19] and thus a global and selective evaluation of equilibrium, based on the 
system used for maintaining the standing position during testing in [20].

As long as projection of the center of gravity (COG) during testing is inside the base support 
area and no external support is used for stabilize, patient is able to maintain his/her equi-
librium and normal result will be displayed at the end of the test (Figure 17). When patient 
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cannot voluntary control its balance within the parameters described, he will obtain a patho-
logical score of equilibrium, displayed at glance with colors convention and also with numeric 
values (Figure 18).

In Menière’s disease patients, CDP usually display normal results, since in between the spells 
patient has no equilibrium problems and the acute vestibular deficit of the affected ear was 

Figure 17. CDP—normal result.

Figure 16. CDP/SOT testing conditions (www.nervecenter.natus.com).
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compensated already. Immediately after the acute phase, vestibular scores can be abnormal, 
mainly in vestibular condition.

3.2.2. Vestibular evoked miogenic potentials

Vestibular evoked miogenic potentials (VEMPs) area relatively new objective test designed 
to measure otolithic function in [21]. In response to loud sound stimulation (95–97dB nHL), 
saccular vestibular sensorial epithelium generates activity in the inferior vestibular nerve and 
further in the vestibulospinal and vestibule-ocular pathway.

Action potential transmitted through the vestibulospinal pathway generates muscular 
responses in the effectors of the vestibulospinal (cervical muscles—cervical vestibular evoked 
myogenic potential: cVEMP) or vestibule-ocular reflex (extraocular muscles—ocular vestibular 
evoked myogenic potential: oVEMP).

Figure 19. Montage and cVEMP biphasic potential.

Figure 18. CDP—pathological result: vestibular deficit.
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3.2.2.1. Cervical VEMP

cVEMP represents an inhibitory biphasic response in the ipsilateral sternocleidomastoid 
muscle after loud sound stimulation of the sacculae, which can be recorded by surface elec-
trodes. A positive-negative P13-N23 potential is recorded with normal latencies of 13 and 23 
ms, respectively (Figure 19). The greatest sensitivity of sacculocolic reflex is for 200–1000 Hz 
stimuli in Refs. [22, 23], a frequency range highly correlated with saccular function and reso-
nance properties as well (which are correlated with saccular size).

Late N34-P44 potentials are not saccular in origins. The amplitude of the response varies with 
contraction level of the muscle (Figure 20).

A clinical value of cVEMP is based on comparison of cVEMP amplitude in response to each 
saccular stimulation. For this reason, contraction level should be measure as well and recti-
fied traces are evaluated. A difference of more than 30% between cVEMP amplitudes is con-
sidered abnormal, in result either to saccular hypofunction or hyperfunction depending on the 
pathology.

In Menière’s disease, endolymphatic hydrops involves the sacculae from the very initial 
stages of the disease with secondary variations in sacculae’s mechanical properties. Since cer-
vical VEMP depends on the physical characteristics of the sacculae, cVEMP is included in the 
vestibular battery test for Menière’s disease diagnosis. In more than 50% of Menière’s disease 
patients, click-evoked cVEMP is abnormal or absent in Refs. [24, 25].

It also has been studied frequency tuning of cVEMP in endolymphatic hydrops and it appears 
that VEMP is recorded at higher frequencies and across broader frequency ranges than in 
normal inner ears due to changes in saccular resonance characteristics [26].

These two changes (blunting and frequency shift of cVEMP) are greater as the Menière’s dis-
ease has a longer evolution and greater severity in [27]. Additionally, over 20% of Menière’s 
disease patients have abnormal cVEMP results in the non-affected ear in Ref. [28], recom-
mending VEMP as a predictor test for bilateral Menière’s disease.

Figure 20. Amplitude variation in relation with muscle contraction.
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Another study revealed a correlation between cVEMP threshold variations in between 
affected and nonaffected ear and the severity of Menière’s disease in Ref. [29].

In a small series of Menière’s disease patients, VEMP increased in amplitude, even three times 
at the end of positive glycerol test (Figure 21) as an argument of presence of the endolym-
phatic hydrops in the sacculae in Ref. [30].

3.2.2.2. Ocular VEMP

Ocular VEMP (oVEMP) is a newer variant of VEMP which measures saccular function in response 
to very loud sound stimulation (about 120–130 dB SPL) or utricular function in response to vibra-
tions applied to the cochlea. Electrodes placed below the orbit record excitatory response in the 
contralateral inferior oblique muscle when in a flexed state by looking upward in Ref. [31].

The first negative (excitatory) component of the oVEMP at a latency of about 10 ms is called n10. 
This n10 component most likely indicates the myogenic potentials of inferior oblique muscle.

Additionally, in patients with early Menière’s disease tested at attack, the contralateral 
oVEMP n10 is enhanced compared to measures in the same patients at quiescence. We specu-
late that this enhancement by Menière’s disease attack could be due to mechanical changes 
in the labyrinth that enhance the sensitive response of utricular receptors to bone conduction 
vibrator stimulation. It seems that alterations in frequency tuning discussed in cVEMP are 
also present in sound-evoked oVEMP in Menière’s disease patients in Ref. [32].
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Abstract

Testing the function of the semicircular canals (SCC) in vertigo and dizziness is an
important  step  towards  a  diagnosis.  There  are  different  vestibular  tests  available:
rotatory  testing,  bithermal  caloric  irrigation  (CI)  and  the  video-head-impulse  test
(vHIT). This chapter describes the basic methods, the current knowledge and economic
aspects focused on the vHIT and CI. After a general section, common vertigo diseases
are discussed with respect to the functional tests. From this chapter, it is clear that not
only one method has to be applied to test vestibular function but a battery including the
CI and the vHIT in three dimensions.

Keywords: video-head-impulse test, bithermal caloric irrigation, vestibular tests, ver-
tigo, dizziness, vestibular disease

1. Introduction

One major step in diagnosing dizziness and vestibular disease, in addition to a detailed clinical
history and neurologic, neuro-ophthalmologic and neuro-otologic examination, is to test the
sensors of the labyrinth quantitatively. There are two sets of sensors: the linear/gravity sensors
(otoliths, sacculus and utriculus) and the rotational sensors (semicircular canals; SSCs). Both
sensor types are important to keep balance and help to orient oneself in space. To test the sensors,
different specific tests are available and it is often unclear what methods should be used. This
chapter summarizes current knowledge of the testing opportunities and techniques in respect
to vestibular function of the SCCs and to different disease. First the different techniques, second
the lesion patterns  in  different  vertigo/dizziness  disease  and third economic  aspects  are
described.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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2. Testing of the SCCs

2.1. Anatomical and physiological basics

The SCCs are part of the three-neuron reflex that stabilizes the eyes in space during rotatory
self motion, the vestibulo-ocular reflex (VOR). The VOR is quantified as a gain, the ratio of eye-
to-head velocity. During normal functioning, the VOR gain is one; eye and head move in
opposite direction but with equal velocity [1]. The reflex starts at the sensors, the three SCCs,
which are located on each side of the head in the temporal bone. While the horizontal SCCs
(HC) are found in a slightly upward tilted horizontal plane (30°), the vertical SCCs are
orthogonal to the HC. The SCCs are located in the sagittal plane, which is rotated 45° to either
the right or the left. Accordingly, there are two anterior (AC) and two posterior SCCs (PC)
found. The main stimulus for the SCCs is the rotational acceleration around an axis orthogonal
to the canals plane.

The SCCs are stimulated by the endolymphatic flow relative to the crista ampullaris which is
caused by the inertia during rotational stimuli [1]. This flow causes the crista ampullaris to be
deflected. Endolymphatic flow in the HC in direction to the ampulla (ampullopetal) causes
excitation and away from the ampulla (ampullofugal) inhibition. It is important to mention
that in case of the vertical SCCs this direction is inversed.

Neuronal signals originating in the crista ampullaris are transferred to the vestibular nuclei
by the vestibular nerve. This nerve has a steady-state neuronal firing rate of about 100
spike/s at rest [1]. Excitation of the SCCs can increase the spike rate up to about 400 spikes/s,
inhibition of the SCCs decreases the spike rate, but no less than zero spikes/s [2].

The vestibular nerve has two divisions: the superior receives afferents from the utriculus, the
horizontal and anterior SCC, the inferior division from the sacculus and the posterior semi-
circular canals. Some details are still discussed controversial, for example, if the sacculus
projection to the superior vestibular nerve division is of clinical relevance [1].

2.2. Different methods

2.2.1. Rotatory tests

Testing the SCCs could be obtained by passive rotational stimuli which both labyrinths
together. This kind of test has been applied for years, but the sensitivity to identify unilateral
vestibular failure is low. The test depends on the velocity profile, the disease itself, the stage
of the disease, the cooperation and alertness of the patients [1, 3–8]. By analysing the postro-
tatory response to step stimuli not only side differences but additionally the central processing
of the VOR, including the ‘velocity storage’, could be quantified [9]. The ‘velocity storage’ is
known as the indirect pathway, which acts parallel to the direct VOR pathway [10] and is
realized by a commissural inhibitory network [11–14] under cerebellar control of the uvula
and nodulus [15]. One function of the ‘velocity storage’ is to increase the cupula time constant
to improve the ability to transduce the low-frequency components of the VOR [16]. Other
functions of the ‘velocity storage’ are to reorient the eye velocity in direction of the gravito-
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inertial acceleration and to differentiate linear acceleration from gravity [9]. Remember, these
rotational tests have special advantages for certain disease, but examine only the two hori-
zontal SCCs of the right and the left inner ear together. Furthermore, the rotational chairs are
currently to slow and the available eye movement-recording systems are very restricted in
spatial and temporal resolution, to stimulate just one SCC.

2.2.2. Bithermal caloric test (CI)

A common test to test the horizontal SCCs unilaterally is the bithermal caloric irrigation (CI).
For describing the mechanism of the caloric test, Róbert Bárány received the Nobel Prize in
Medicine in 1916. This test uses a very low-frequency range, is not physiological, but important
in a vestibular test battery. Remember, this test was the standard test to diagnose vestibular
hypofunction before modern commercial methods became available around 2010.

The response of the horizontal SCCs to thermal irrigation depends on the amount of thermal
energy which reaches the inner ear to elicit the VOR. Depending on the anatomy or disease,
the thermal conductance through the middle and inner ear could be different.

There are two mechanisms discussed to elicit the caloric response. The major response is caused
by temperature-induced endolymphatic flow, the other by a direct thermal stimulation of the
vestibular nerve. The latter was identified in microgravity during space flight [17, 18].

The test protocol is standardized, but normative values should be measured in each laboratory
separately. Caloric bithermal testing is performed in the supine position with the head flexed
30° upward to orient the horizontal SCCs vertically [19]. Irrigation of the external auditory
duct of each ear is performed with water at a temperature of 30 or 44°C for 1 min. In between
the irrigations, there is an interval of at least 5 min. To obtain a side difference between the
right and left ear, the unilateral weakness is calculated using the best responses of the slow-
phase velocities with the Jongkees formula: UW = ((RW + RC) − (LW + LC))/(RW + LW + RC +
LC) × 100 (R: right; L: left ear ; water at 44°C (warm, W) and 30°C (cold, C)) [19]. In our
laboratory, a value of 25% or higher is pathological. To measure directional asymmetry, the
directional preponderance (DP) is quantified (DP = ((RW − LW) − (RC − LC))/(RW + LW + RC
+ LC) × 100) [19]. Normal values in our laboratory are up to 30% (absolute values).

It is known from various studies that the sensitivity and specificity are higher in bithermal
compared to monothermal irrigations [20, 21]. In our laboratory, we have a sensitivity of 80%,
a specificity of 81% and a false-negative rate of 21% for bithermal versus monothermal CI.
Monothermal CI could not be applied efficiently if the maximal caloric slow-phase velocities
are below 11°/s or if nystagmus is present [22]. The false-negative rate, which ranges in the
literature from 10 to 30%, as in our study, precludes the routine use [22, 23].

Another question, which is also discussed, is whether air or water should be used for optimal
CI. One major problem was the high test-retest variability of air irrigation [24]. The problem
is the amount of thermal energy to be transferred through the middle to the inner ear to elicit
the VOR. Hence, higher and lower temperatures compared to water irrigation can be used in
air irrigation in order to achieve comparable results [25]. Other and our laboratory prefer still
water irrigation for the obvious reasons [26].
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2.2.3. Video-head-impulse test (vHIT)

In 1988, M. Halmagyi published the first report of a clinical bedside test to evaluate the
horizontal SCCs. This test is known as the ‘Halmagyi-test’, the ‘Halmagyi-Curthoys test’ or
the ‘head-impulse test.’ In this test, high-acceleration, small-amplitude head pulses around an
earth-vertical axis are applied while the patient is fixating a stationary target. If the eye no
longer compensates the head movement, a correcting saccade is observed and the test is rated
pathologic. This bedside test (bHIT) for the HC does not identify all unilateral vestibular
failures. It has a moderate sensitivity (35–45%) and a high specificity (90%) [27, 28]. To achieve
better sensitivity and specificity than the bHIT, the HIT measured with a video system (vHIT)
was developed [29–31]. The increase in sensitivity and specificity is mainly attributed to the
fact that correcting saccades are clearly identified and the VOR gain can be measured. The
vHIT has been shown to be comparable to those HIT measurements with the complicated and
time-consuming scleral-search-coil technique [32]. There are meanwhile several companies
which sell measuring devices based on video oculography (e.g. GN-Otometrics®, EyeSee-
Cam®, Synapsis®, Firefly MV® and Vorteque®).

In contrast to the bHIT, the examiner stands behind the patient during the vHIT, while the
patient fixates a point in 1-m distance at the wall. Eye movements are recorded in most systems
by a small video camera mounted in goggles worn by the patient during the test. This modern
vestibular test examines not only the HC but also the AC and the PC to identify unilateral or
bilateral vestibular (BV) hypofunction of individuals SCCs [33]. The direction of the head
movements defines the SCC stimulated. Rotating the head around an earth vertical axis to the
right or left tests the right or left HC, rotating around an earth horizontal axis (forward and
backward) while the head is constantly turned by 45° to the right or left around an earth vertical
axis, activates either the right AC or left PC (RALP) or the left AC or right PC (LARP).

It is critically important to reach high enough head acceleration and velocities values to obtain
valid examinations. Velocities of 200–250°/s for the horizontal and 150°/s for the vertical vHIT
are recommended. To reach such values is sometimes a problem in older patients with high
muscle tone in the neck. Patients with neck problems, especially degenerative disease of the
cervical spine, should not be tested in order to avoid injuring the patient [31].

In case of a pathological test, the gain is decreased and refixating saccades (RFSs) are observed
[33, 34]. For each different company selling vHIT measuring devices, there are different
normative values for the gains. The cut-off values are about 0.8 for horizontal and 0.6 for vertical
vHIT. These values might decrease with an increasing age in some but not all studies and
depending on the type of measuring device used [35–40]. RFS might occur during the head
impulse or after the end of the head impulse and are referred to as covert and overt RFS [29].
RFSs are much more reliable than the VOR gain values in between different testers [41]. One
problem is RFS, which increase in higher age without a VOR gain decrease and could clinically
mimic a pathological vHIT [35]. To diagnose a vestibular hypofunction with a vHIT a low VOR
gain, compensatory RFS and an optimally performance of the head impulses are necessary.
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2.2.4. Differences between CI and vHIT

Both tests measure unilateral HC but in different ways. Therefore, it is clear that the overall
sensitivity and specificity for a unilateral failure are different. Measuring such parameters
needs a golden standard, which is hard to define as both tests are important on their own.

The vHIT compared to the CI has an overall sensitivity of 41% and a specificity of 92% which
is very similar to data of the bHIT in comparison to the CI (sensitivity of 35%; specificity of 95–
100% [27, 28]). It is known that the probability of a pathologic bHIT increases with UW and
that a UW of 42.5% ensures a pathological bHIT [31, 42]. Our data support this finding also for
the vHIT. A unilateral weakness of 57% was observed in the pathological vHIT and 42% in the
normal vHIT group. The vHIT is also affected by the disease stage (acute versus non-acute).
The frequency of vHIT increases with increasing UW for all patients but more for the acute
subgroup compared to the non-acute subgroup [31].

Why the two tests dissociate is controversially discussed. The vHIT and CI might test the VOR
at different temporal frequencies, the HIT tests high frequencies up to 5 Hz [43] and the CI
tests the lower frequency range at about 0.003 Hz. Stimulation of control subjects on a rotatory
chair around an earth vertical axis at 0.003 Hz does not cause the slow-phase velocities obtained
by CI (personal communication D. Straumann). One reason for this difference might be
attributed to the fact that CI also stimulates the nerve directly [44]. There is some evidence
from animal experiments that different vestibular nerve fibres might be important. Higher
gains at low frequency are found in regular vestibular afferent fibres and higher gains at higher
frequencies in irregular fibres [45]. The contribution of the different fibres to vestibular function
and the vHIT and CI remains unclear at the moment [46].

There is another explanation discussed, which could explain different findings. During
endolymphatic hydrops, the diameter of the semicircular duct expands, which might lead to
an endolymphatic circulation in the duct itself. This results in a lowered or absent caloric
response, but an unremarkable vHIT [47].

2.3. Specific disease

2.3.1. Vestibular neuritis (VN)

In vestibular neuritis (VN), mostly an ipsilesional UW and a pathological horizontal vHIT is
found. There are, however, sometimes differences in the results of a pathological UW and
horizontal vHIT [31, 48–50]. In a series including acute, not acute and follow-up VN patients,
we found 47% with a pathological horizontal vHIT and UW (>25%), 25% with a pathological
UW only and 8% with an isolated pathological vHIT. In an earlier case series using the scleral-
search-coil technique and defining the pathological HIT by the VOR-gain only, all patients with
VN had a pathological HIT. In the acute, but not in the late stage, there was also an UW (100
vs. 64%) [51]. The pathological vHIT and UW are not correlated with the clinical picture and
symptoms [31, 49]. The time course of recovery of vHIT and UW and was also not correlated
in a retrospective study after the onset of VN [50]. In a pathological vHIT covert or overt RFSs
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are observed. To link the different correcting saccade patterns to clinical outcome has failed so
far [50, 52].

The advantage of the three-dimensional (3-D) vHIT is additionally to test the AC and PC. One
can therefore differentiate the lesion based on the affected SCCs in an inferior (PC), superior
(HC and AC) or combined VN. In studies, the lesion pattern was shown to be in the superior
in 90–48%, inferior in 1–18% and combined inferior and superior vestibular nerve divisions in
34% of the patients [53–56]. The lesion pattern affects the outcome. It was shown that the time
to recovery increased from inferior over superior to combined VN [54].

UW without a vHIT is often found in patients of higher age (mean age 64 years) and without
a history of Meniere disease (MD) as a first time acute vestibular syndrome. The disease is
undefined and might be caused by an endolymphatic hydrops or an incomplete VN. Patients
with such a lesion pattern are hospitalized for less time than patients with an additional
pathological horizontal vHIT [56].

2.3.2. Meniere disease (MD)

In general, during an attack, there is a decreased UW (64–67%) on the affected side [57, 58],
which is caused by the endolymphatic hydrops by an expanse of the endolymph volume,
which led to local circulation of the thermal-induced endolymphatic flow [47]. The results of
the vHIT are contradictory. The horizontal VOR gain of the affected ear might be mostly slightly
reduced [57], or in some cases be increased [59]. During the hydrops, there might be an increase
in VOR gain in the vHIT (14%), it might be either normal (67%) or decreased (19%) in the
healthy ear [57]. The VOR gains for the AC and PC did not differ between the sides during the
attacks [57]. In between the attacks, the vHIT was normal in 33%, pathologic of at least one
SCC on the affected side in 33% and pathologic in one SCC on the affected and unaffected side
in 31%. The distribution of abnormal findings was dependent on the disease duration and
hearing loss [60]. In summary, the findings of CI and vHIT are heterogeneous.

2.3.3. Vestibular migraine (VM)

Vestibular migraine (VM) is a disease which could be confused with MD. To make it even more
complicated, there is high co-morbidity of the two diseases and it is sometimes hard to come
up with a diagnosis [61]. Vestibular and oculomotor tests could be in between the VM attacks
pathological [20, 62, 63] but vestibular dysfunction is not a prognostic factor for migraine
patients [64].

To dissociate both diseases based on the CI and vHIT in early or late stage is not possible. An
UW and vHIT pathology is more often found in MD (67 and 37%) compared to VM (22 and
9%) [58]. In general, the caloric peak slow-phase velocity values tend to be elevated in VM
patients compared to MD [65, 66]. Remember, there is also a portion of common migraine
patients which have a UW in between the attacks (16%) [67].
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2.3.4. Vestibular schwannoma (VS)

The vestibular schwannoma (VS) can be divided in the intracochlear (50%), the vestibular type
(19%) and more diffuse forms (31%). Deafness was the most common symptom and caloric
tests were abnormal in 78% of cases. In the vestibular type, hearing was significant, but
vestibular function was more altered [68]. It was shown that even very small and localized VS
heavily compromise labyrinthine functions [68, 69]. VS initially show a pathological UW and
a normal vHIT. However, with increasing size the vHIT might become pathological [69–71]. It
is controversially discussed if UW is a predictor for tumour size [70, 72] or not [73]. It was
shown that the VOR gain of vHIT is not correlated with the tumour size [70] but rated together
with the CI there was a correlation. [71].

The 3-D vHIT might indicate some more information in conjunction with vestibular-evoked
potentials (VEMPs). In a study on 50 patients, 58% of patients had test abnormalities which
were referable to both superior and inferior vestibular nerve divisions. Selective inferior nerve
dysfunction was identified in 10% and superior in 13%, indicating that lesions of the superior
and inferior vestibular nerve evolved in parallel. The sensitivity of the test battery increased
with tumour size and all patients with medium to large schwannoma had at least two abnormal
vestibular test results [74]. From this finding, it might be clinically useful to use a more
extended test battery and not a single test.

2.3.5. Sudden sensorineural hearing loss (SSNHL)

In contrast to the VN, which mostly affects the HC and AC, the lesion pattern in hearing loss
is different. In a study on acute sensorineural hearing loss, 14% had a complete vestibular loss
defined as involvement of all three SCCs, 31% a partial vestibular loss defined as involvement
of one or two SCCs and 55% no measurable SCC loss. In the group with a partial lesion, all
patients had the PC affected [75]. In another study on acute unilateral hearing loss with
vestibular symptoms, there is an impairment of the PC in 74%, of the HC in 41% and of the
AC in 30% [76]. Comparable data for CI were in both studies not available.

2.3.6. Bilateral vestibular (BV) failure

Recently, a caloric hypofunction of both ears (sum of all four best slow-phase velocity responses
has to be less than 20°/s with bithermal CI) and deficits in rotatory tests were recommended
to diagnose a BV [77]. With the current vHIT, which often clearly diagnoses a BV [78], things
get more complicated. A consensus was reached on a pathological vHIT on both sides in
addition to a caloric hypofunction to diagnose a BV and will be published in the newest form
from the Barany Society soon (personal communication Prof. Dr. M. Strupp). These criteria are
suboptimal; the vestibular organ could be hypo-responsive only to certain head frequency
ranges, which make a rotatory testing necessary. Positive bilateral vHIT does not always
correlate with caloric or rotatory chair test results in BV. This indicates that a spectrum of
vestibulopathies exists according to the stimulation frequency of the deficit [79].

The results of the 3D-vHIT are very scattered with respect to SCC pathology [80]. In one current
publication, the 3-D vHIT was characterized in a group including different aetiologies of BV.

Testing of the Semicircular Canal Function in Vertigo and Dizziness
http://dx.doi.org/10.5772/66688

125



The PC was most affected (89%), less the HC (85%) and least the AC (39%). Preserved AC
function was associated with aminoglycoside toxicity, MD and BVL of unknown origin. No
such sparing of specific SCCs was found for inner ear infections, cerebellar ataxia with
neuropathy and bilateral vestibular areflexia syndrome (CANVAS) and sensorineural hearing
loss [81]. CANVAS is a late-onset ataxia with a neuropathy and a BV [82].

2.3.7. Inferior cerebellar stroke

Stroke with an acute vestibular syndrome is found in about 16% of inferior cerebellar stroke.
The main question is how to dissociate stroke from a peripheral vestibular lesion, which
accounts for about 25% [83]. This is very important for stroke treatment as there is only a short
time frame (4.5 h after symptom onset in Germany) to apply revascularization therapy with
the systemic intravenous thrombolysis.

To differentiate the peripheral disease from stroke, the horizontal vHIT is used, together with
central signs, for example, the gaze evoked nystagmus and the tonic skew deviation, a vertical
divergence of the eyes. This test battery is also known as the HINTS test. In general, the vHIT
is normal in stroke. There are some rare exceptions with lesions of the brainstem (e.g.
vestibular nuclei) or cerebellum, mostly in the territory of the anterior inferior cerebellar
artery (AICA). It is important that the auditory artery is a branch of the AICA which supplies
the labyrinth and cochlea. For further discussion on this topic, I recommend the current
literature [83–86].

3. Economic aspects

The CI nor the vHIT could replace each other. On the average, the time needed to perform a
horizontal vHIT is 6 ± 1 min (mean ± standard deviation), 3-D vHIT 10 ± 2 min and a caloric
irrigation 22 ± 2 min. The examination and documentation of the results by the clinician
including removing error traces and setting markers right were estimated at 5–10 min for each
test. Rotatory tests, which are more time consuming (10–20 min), might be important in only
limited number of disease, for example, BV or central vestibular disease, which is not reviewed
in detail here.

In certain disease and depending on the question, not all tests have to be applied, to save
time. The saved time could be used to diagnose additional patients. From an economic point
of view, just to identify a unilateral vestibular failure and with the mixture of diagnosis in
a specialized vertigo/dizziness clinic, I recommend using the vHIT-first approach. In case of
an unremarkable vHIT, you additionally should use the CI. There is one exception, if you
clinically suspect an MD, you should use the CI first (for details see [20]). From these data,
I suggest a disease-dependent approach to save diagnostic time and decrease stress of the
patient.

Up to Date on Meniere's Disease126



The PC was most affected (89%), less the HC (85%) and least the AC (39%). Preserved AC
function was associated with aminoglycoside toxicity, MD and BVL of unknown origin. No
such sparing of specific SCCs was found for inner ear infections, cerebellar ataxia with
neuropathy and bilateral vestibular areflexia syndrome (CANVAS) and sensorineural hearing
loss [81]. CANVAS is a late-onset ataxia with a neuropathy and a BV [82].

2.3.7. Inferior cerebellar stroke

Stroke with an acute vestibular syndrome is found in about 16% of inferior cerebellar stroke.
The main question is how to dissociate stroke from a peripheral vestibular lesion, which
accounts for about 25% [83]. This is very important for stroke treatment as there is only a short
time frame (4.5 h after symptom onset in Germany) to apply revascularization therapy with
the systemic intravenous thrombolysis.

To differentiate the peripheral disease from stroke, the horizontal vHIT is used, together with
central signs, for example, the gaze evoked nystagmus and the tonic skew deviation, a vertical
divergence of the eyes. This test battery is also known as the HINTS test. In general, the vHIT
is normal in stroke. There are some rare exceptions with lesions of the brainstem (e.g.
vestibular nuclei) or cerebellum, mostly in the territory of the anterior inferior cerebellar
artery (AICA). It is important that the auditory artery is a branch of the AICA which supplies
the labyrinth and cochlea. For further discussion on this topic, I recommend the current
literature [83–86].

3. Economic aspects

The CI nor the vHIT could replace each other. On the average, the time needed to perform a
horizontal vHIT is 6 ± 1 min (mean ± standard deviation), 3-D vHIT 10 ± 2 min and a caloric
irrigation 22 ± 2 min. The examination and documentation of the results by the clinician
including removing error traces and setting markers right were estimated at 5–10 min for each
test. Rotatory tests, which are more time consuming (10–20 min), might be important in only
limited number of disease, for example, BV or central vestibular disease, which is not reviewed
in detail here.

In certain disease and depending on the question, not all tests have to be applied, to save
time. The saved time could be used to diagnose additional patients. From an economic point
of view, just to identify a unilateral vestibular failure and with the mixture of diagnosis in
a specialized vertigo/dizziness clinic, I recommend using the vHIT-first approach. In case of
an unremarkable vHIT, you additionally should use the CI. There is one exception, if you
clinically suspect an MD, you should use the CI first (for details see [20]). From these data,
I suggest a disease-dependent approach to save diagnostic time and decrease stress of the
patient.

Up to Date on Meniere's Disease126

4. Summary

From the reviewed data presented here, it is recommended to use a vestibular-testing battery
depending on the question asked. The bithermal CI does not replace the vHIT and vice versa,
both techniques are needed. In future, the more detailed vestibular test profiles will help to
diagnose disease with a higher sensitivity and specificity, to predict outcome and to identify
new disease with new therapeutic options.
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Abstract

Otoacoustic emissions (OAEs) are responses originating from the inner ear. Clinically 
they are evoked by different families of acoustic stimuli, such as transient acoustic clicks, 
tone pips, and pure tones. Upon stimulation, the acoustic energy is transformed in the 
middle ear at acoustic pressure acting upon the stapes footplate. The pressure wave 
inside the cochlea stimulates the OAE generators and a reverse acoustic energy (the 
OAE response) propagates from the inner ear, through the stapes and the middle ear 
structures, to the tympanic membrane. Considering that the acoustic energy has to cross 
the middle ear structures twice, the functional status of the middle ear can influence or 
attenuate considerably the OAE response. In this context, any vestibular alteration can 
influence the middle ear mechanics (mainly the middle ear impedance) and consequently 
the OAE response characteristics. The data in the literature indicate that OAEs are very 
sensitive to changes in the intracranial pressure. These pressure alterations during the 
Meniere’s hydrops phase are expressed as changes in the intralabyrinthine pressure. 
Other studies have presented data supporting the assumption that OAEs can adequately 
monitor middle ear changes induced by the presentation of the glycerol test. The data 
in the literature suggest that OAEs can monitor the progress of Meniere’s disease using 
reliable indices.

Keywords: Ménière, hearing threshold, glycerol test, vestibule, otoacoustic emissions, 
distortion product otoacoustic emissions, transient otoacoustic emissions, middle ear 
mechanics

1. Introduction

Otoacoustic emissions (OAEs) are responses originating from the inner ear and they were first 
described by David Kemp [1, 2]. They are evoked by different families of acoustic stimuli, 
such as transient acoustic clicks and chirps, tone pips, and pure tones. Upon stimulation, the 
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acoustic energy is transformed by the middle ear in acoustic pressure applied to the stapes 
footplate. The pressure wave inside the cochlea stimulates the OAE generators and a reverse 
acoustic energy (the OAE response) propagates from the inner ear, through the stapes and 
the middle ear structures, to the tympanic membrane. There it can be recorded by a sensitive 
probe (microphone), inserted in the acoustic meatus.

The classical classification scheme categorizes OAEs according to their evoking stimulus [3]. 
In this context, the OAE responses can be elicited by transient clicks (TEOAEs), transient tone 
bursts (TBOAEs), or by pure tones (distortion product OAEs – DPOAEs). Responses evoked 
by random thermal noise in the cochlea are called Spontaneous OAEs (SOAEs), which have 
limited clinical applications. The newest and most accepted taxonomy classifies the responses 
according to their generation mechanisms [4]. According to Shera and Guinnan [4], the OAE 
responses are evoked by a linear reflection (of the travelling wave energy) on the basilar mem-
brane, or by nonlinear processes “orchestrated” by nonlinear characteristics of the outer hair 
cells (OHCs) and the cochlear amplifier per se. The clinically used responses (TEOAEs or 
DPOAEs) are a mixture of these two mechanisms.

The OAE values, express a measure/metric of the cochlear amplifier functionality, which has 
found numerous applications in Audiology and Hearing Science. The most known appli-
cation is in the area of hearing screening. TEOAEs can detect sensorineural deficits up to 
35 dB HL; DPOAEs are more sensitive and can detect deficits up to 40 dB HL [3]. The great 
advantage of OAEs, in comparison to traditional audiometry tests, is that they can detect 
a deficit before it registers as a hearing deficit (i.e., it is in a subclinical phase) [3]. When 
an external or internal stressor causes severe mechanical alterations on the functionality 
of the OHCs, intrinsic and extrinsic apoptotic processes are initiated [5]. Within the next 
time-frames (days/months), the corresponding OAEs are severely altered and gradually, 
the OHC damage induces an intrinsic neural apoptosis and a subsequent hearing deficit.

Therefore, the OAE response characteristics are altered by inner ear disorders, such as 
Meniere’s disease (MD), a condition in which the whole inner ear can be damaged, including 
all the structures of the cochlea (outer and inner hair cells) and the vestibular system.

This chapter is an excursus of the current scientific findings relating vestibular and middle 
ear alterations, as observed in various stages of the Ménière’s disease, with measurements of 
otoacoustic emissions. The latter are considered the test of choice to identify preclinical effects 
on the human hearing threshold and alterations in the inner ear.

2. A short introduction of Ménière’s disease (MD)

MD is an idiopathic disorder of the inner ear. It is characterized by paroxysmal unpredict-
able crisis, with a typical symptomatological triad: tinnitus, hearing loss associated to fullness 
and objective vertigo with neurovegetative symptoms [6]. The crises have a variable duration 
(from few minutes to 24 h) and the intercritical periods are characterized by residual dizziness 
or wellness, configuring, anyway, a particularly invalidating disease, particularly considering 
the unpredictability of the crisis.

MD occurs typically between the fourth and sixth decades of life, with a mild prevalence in 
women. It is frequently unilateral, but both ears may be affected with the progression of the 
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disease. Although most cases of MD are sporadic, a 5-15% has a familiar configuration and 
seems to have a hereditary transmission.

To date, the etiology of MD is unknown, but anatomopathological and histopathological 
studies on Menieric patients temporal bones, have revealed an enlargement of the membra-
nous labyrinth due to an endolymphatic hydrops [7, 8]. Therefore, the most accredited theory 
about MD pathogenetic mechanism is the increase of the endolymphatic volume, due to a 
disorder of either production or reabsorption mechanisms of endolymph, with an expansion 
and a possible rupture of the membranous labyrinth [9–11]. The damage to the hair cells may 
be due to both the pressure, during the hydrops phase, and the mixture of endolymph and 
perilymph, if the membrane rupture occurs. In this case particularly, it has been stated that 
the crisis may be produced by a potassium intoxication of the labyrinth sensorial epithelium, 
after the Reissner’s membrane rupture [12, 13].

Even though infrequent, endolymphatic hydrops can be congenital and it may be consequent 
to inner ear malformations, such as Mondini dysplasia [14]. More frequently, the acquired 
hydrops can be a consequence of viral or bacterial labyrinth infections, or traumas [15].

It has been reported that endolymphatic hydrops has been observed also in asymptomatic 
patients; this suggests that there should be many ‘triggering factors’ that may rouse a MD 
crisis, such as hydric retention, viral infections, stress, cranial traumas, vitamin deficiency, 
and endocrine disorders [16].

The diagnosis of MD is difficult and it can be defined only after some vestibular crisis with the 
typical triad. In 1995, the American Academy of Otolaryngology-Head and Neck Surgery pub-
lished the diagnostic criteria for MD, then updated in 2015, defining a “possible”, “probable”, 
and “definite” MD, depending on the frequency of the typical symptoms, until the “confirmed” 
diagnosis of MD, achievable only with a histopathological examination [17, 18]. A careful 
history taking and the audiovestibular instrumental examination are recommended. Otoscopy 
is usually negative.

In the initial phases of MD, the tonal audiometry finds a unilateral cochlear sensorineural 
hearing loss, affecting the low frequencies. At the beginning, the MD hearing loss is typically 
fluctuating, reflecting the inner ear hydrops phase: only during this phase, it is possible to 
perform an osmotic test (Glycerol test) and to observe the improvement of 10 dB in the hearing 
threshold, at least on two frequencies between 500 Hz and 2000 Hz, within 3 hours, after the 
administration of 1.5 ml/Kg of body weight of oral glycerol (a potent osmotic agent) with the 
same volume of isotonic saline solution [19, 20]. The glycerol test is not a diagnostic evalua-
tion, but it allows in determining the reversibility of the early phase of MD and, therefore, it 
has a prognostic and therapeutic significance. The verbal discrimination is initially preserved 
at the vocal audiometry. In an advanced MD, hearing loss becomes permanent, pantonal, and 
often bilateral [21, 22]. The evaluation of the acoustic reflex threshold also demonstrates the 
recruitment phenomenon, typical of cochlear lesions. Auditory brainstem responses (ABR) can 
exclude a retrocochlear disease. The vestibular instrumental examinations could be normal 
at the beginning; during the progress of MD, it reveals a unilateral vestibular hyporeflectiv-
ity. Electrocochleography can determine, during the hydropic phase, an increased summat-
ing potential, due to the distension of basilar membrane into the scala tympani and then an 
increased action potential/summating potential ratio [23].
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Neuroimaging, such as laboratory exams, are recommended during the differential diagnosis 
in order to exclude other diseases causing Ménière’s-like symptoms or congenital malfor-
mation/anatomic variations of the inner ear or metabolic, electrolytic, endocrine, vitaminic, 
immunologic disorders potentially implicated in MD [24].

3. OAEs and MD

It has been suggested that OAEs and, in particular, distortion product otoacoustic emissions 
(DPOAEs), may determine the important information about which cochlear regions have been 
involved in the first phase of MD characterized by recurrent hydropic crisis [25, 26]. Considering 
that the acoustic energy has to cross the middle ear structures twice, OAE response may be 
reduced or even suppressed due to imperfections of the middle ear transmission mechanism. In 
this context, inner ear disorders can influence the OAE response characteristics [27]. The endo-
lymphatic hydrops (confined primarily in the cochlear duct and in the saccule [15]), increase 
the impedance at the level of the stapes, attenuating any forward or backward acoustic energy 
transmissions [28].

4. DPOAEs and MD

De Kleine et al. [29] found that, in patients affected by MD, DPOAEs have smaller ampli-
tude than the unaffected ears in relation to the mechanical alterations which were hydrops-
induced. An early report on MD by Eggermont and Schmidt [30] stated that in the early phase 
of MD, a minimal variation on the outer hairy cells function, caused by hydrops, can deter-
mine the typical auditory threshold fluctuation; this phenomenon can be indirectly observed 
as a reduction in the DPOAE amplitude particularly in the low DPOAE frequencies. In cases 
of advanced MD, the severe damage or the loss of inner ear, outer hair cells, is responsible for 
DPOAEs absence. Unfortunately, these claims have not been verified in subsequent reports 
and one of the criticisms Eggermont received [31] was that DPOAEs have very low signal-to-
noise ratios (S/N) at the lower frequencies (i.e., 0.5 kHz and 0.75 kHz).

DPOAEs have also been considered as an objective monitor system, for any middle ear func-
tional changes induced by the administration of the glycerol test [32], during the hydrops 
phase of MD. The osmotic effect and its influence on the intracranial pressure determine 
a reduction of the labyrinth hypertension, because of the movements of fluids outside the 
inner ear. This effect can be monitored through: (i) a tonal/vocal audiometry. Effects include 
a hearing threshold improvement of 10 dB HL in least two frequencies between 500 Hz and 
2000 Hz, or an improvement of the verbal intelligibility score of at least 10%; (ii) through elec-
trocochleography (EchoG). Effects include a decrease of the summating potential amplitude 
[33]; (iii) through OAEs, in particular with an improvement of the DPOAEs amplitude [19]. 
Overall, the data in the literature [19, 20, 29, 32] suggest that DPOAEs can monitor success-
fully how glycerol recovers the hearing threshold, compromised by the presence of hydrops.
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DPOAEs are very sensitive to changes in the intracranial pressure [34]. Although Rotter et al. 
[35] found that DPOAEs are not as accurate as the transtympanic electrocochleography, other 
authors [27, 29, 30] support the role of DPOAEs as a reliable method allowing the detection of 
endolymphatic hydrops and the cochlear damage in MD [19, 33].

Theoretically, an MD case presenting multiple lesions in the inner ear should condition the 
OAE responses. In this context, one expects that the OAE responses should be attenuated 
at low or at high frequencies. There are a few reports in the literature showing the exact 
opposite [36]. In a study by van Huffelen et al. [36], MD cases were classified into 4 groups. 
When hearing thresholds were above 60 dB HL, no detectable OAEs were recorded. For those 
cases, presenting hearing thresholds within 30–60 dB HL, abnormally high DPOAE responses 
were observed. The authors suggested that these emissions are generated by cochlear sites, 
sustaining the residual hearing of the patient. Some MD case studies have also been reported 
presenting anomalous DPOAEs. Hall [37] describes a case diagnosed with a unilateral MD, 
where the left ear DPOAE responses were shown to be quite robust, despite the fact that 
the audiogram showed a low-frequency sensorineural hearing impairment. The same author 
shows that data analyses from groups of MD patients follow the patterns reported widely in 
the literature (i.e., attenuation of OAEs caused by OHC dysfunction).

5. TEOAEs and MD

One of the first publications relating MD with TEOAEs was a German study by Nubel et al 
[38]. Their data supported the hypothesis that a combination of TEOAEs and a masker tone 
at 30 Hz (in an adjustable relation to one another) could discriminate well cases of endolym-
phatic hydrops. Their protocol examines TEOAE suppression at 0° and 270°. For the latter, 
normal subjects showed a complete suppression, whereas MD cases showed partial or no 
suppression. The same protocol was reevaluated in a subsequent study by Hof-Duin and 
Wit [39], who reported that the Nubel et al. model was correct but their interpretation of the 
data was erroneous. According to Hof-Duin and Wit, the observed changes were not directly 
caused by the endolymphatic hydrops but by other alterations in inner ear structures, for 
example, in the gain of the cochlear amplifier (i.e., induced hearing loss).

The search for a particular TEOAE pattern in MD patients has not been very successful. 
TEOAEs detect alterations in the middle ear stimulus transmission or in the stimulus de-
codification and amplification (cochlea). From a TEOAE point of view, MD cases presenting 
hearing losses are identical to cases presenting a sensorineural deficit. Figures 1 and 2 present 
TEOAE data obtained from the two subjects presenting an initial phase MD. The characteris-
tics of these cases were similar: no use of drugs and prolonged exposure to noise, a low fre-
quency humming feeling (tinnitus), and dizziness. Pure tone audiometry revealed a moderate 
hearing loss in the low frequencies up to 1.0 kHz. Acoustic Immitance and stapedial reflexes 
were found normal. Subject 1 was a female of 46 years old. Subject 2 was a male of 37 years 
old. The TEOAE responses indicate a sensorineural deficit and are indistinguishable from 
other responses originating from patients with sensorineural deficits.
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Hatzopoulos et al. [40] used advanced time-frequency (TF) spectral methods to examine the 
frequency content of TEOAE responses from patients presenting sensorineural deficits. Forty 
subjects presenting moderate hearing losses (in the range of 1.0 kHz to 8.0 kHz) were enrolled 
in the study. Five of these subjects were MD cases (two of them are presented in Figures 1 
and 2). The TF patterns from these subjects followed the TF profiles of the other sensorineural 
cases and no particular TF-markers were observed for the MD subgroup.

TEOAEs have been employed in the detection of the hearing impairment component of MD. 
A French group, coordinated by Paul Avan, has made considerable contributions to the influ-
ence of intralabyrinthine pressure and endolymphatic hydrops on evoked emissions [25, 28, 
41–43]. One way to understand this influence is to assess the alterations of the TEOAE phase 
shift (the latter is a component provided by the FFT decomposition of the TEOAE response). 
According to Mom et al. [41], “Acoustic phase shift highlights a variation in intra-cochlear 
functioning that is worth understanding. By analogy to what is observed in intracranial pres-
sure variation as described by Büki et al. [42], it is logical to expect a marked disturbance in 
intralabyrinthine pressure. There may be a change in the rigidity of the annular ligament of 
the footplate under pressure from the perilymphatic compartment that is pushed back by the 
endolymphatic compartment containing the hydrops; or there may be some more subtle endo-
cochlear modification. The endocochlear pressure resulting from change of posture would be 
the equivalent for the “hydropic” cochlea of a considerable rise in intracranial pressure. In 
Büki et al.’s experiment, the functioning of a normal cochlea reflected change in intracra-
nial pressure [42]. In MD, however, cochlear functioning is not normal, by definition. As the 
model does not distinguish which part of the inner ear is being measured but considers it as 
a single whole, it can reasonably be considered applicable even in a pathological ear. TEOAE 
phase change in a test performed in an ear affected by MD during the acute phase may be 
attributed to the hair bundle of the outer hair cells (OHCs). OHC hair bundle  inclination, 

Figure 1. Subject 1: female 46 years, with a typical MD hearing loss profile. Pure tone audiometry revealed a moderate 
hearing loss, in low frequencies. The TEOAE S/N ratios indicate responses up to 4 kHz, an indication of a normally 
functioning (although partially compromised) cochlea.
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inducing opening of specific ion channels, compared to gating springs, determines OHC exci-
tation level, which in turn defines the OHC resting point which may shift along the charac-
teristic OHC input-output (I-O) curve, as faithfully reflected in the amplitudes of some types 
of OAE (quadratic distortion-product OAEs) or in the phase of others. The data from Büki et 
al showed that phase shift was significantly elevated beyond the normal interval in 18 of the 
MD patients with range, –80° to +145° and sensitivity, 90%. Overall, in patients, in whom the 
transient evoked OAEs (TEOAEs) were present, positive predictive value was 100% and nega-
tive predictive value was 92.3%.

Two different groups in Japan have assessed the effects of the glycerol test on the TEOAE vari-
ables, and have reported different success rates. In the study by Inoue et al. [44] two groups 
were assessed: one classified as Meniere (22 ears) and one as Meniere with cochlear losses (20 
ears). Three hours after a 1.5 g/kg glycerol administration, patients from both groups were 
assessed with TEOAEs and pure tone audiometry. The authors report that the TEOAE evoca-
tion rate (i.e., identification of a robust TEOAE response) improved in both groups: in the MD 
group from 50% to 63.6% and in the cochlear MD group from 66.7% to 83.3%. The findings 
from Sakashita paper [45] are different. The glycerol effect on TEOAEs was decomposed on 
the effects on four aspects of the TEOAE waveform, including the “Total TEOAE Response 
Power”, or the “Filtered TEOAE response power” in the 1–2.0 kHz range. They reported posi-
tive results in 11/22 ears and added that positive TEOAE results were present independently 
of the threshold improvement in the 1.0 and 2.0 kHz octaves. Interestingly they reported that 
a DPOAE protocol (a DPOAE growth function at 1.0, 1.5, 2.0 kHz) was more sensitive to the 
glycerol test. They concluded that the DPOAE values at 1.0 and 1.5 kHz are useful for a clini-
cal practice.

Figure 2. Subject 2: male 37 years, with a typical MD hearing loss profile. Pure tone audiometry revealed a mild to 
moderate hearing loss, in the low frequencies. The majority of the TEOAE energy is concentrated around 1–1.5 kHz. 
The TEOAE S/N ratios above 3.0 kHz indicate lack of responses. How this response can be possible, when the pure 
tone audiometry shows a low frequency deficit? Most probably the strong TEOAE response (from the first 6–10 ms in 
the TEOAE trace) is generated by cochlear regions above 1.0 kHz, where the subject presents better hearing thresholds.
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6. Conclusions

The data in the literature suggest that OAEs represent a valid noninvasive instrument, which 
can monitor the cochlear damage entity in patients affected by MD, and could also monitor its 
progress. OAEs are not just reliable tools, but they are a low-cost methodology in comparison 
to standardized MD monitoring methods, such as electrocochleography.

The data in the literature shows that alterations in the inner ear caused by the presence of a 
hydrops can be monitored accurately with OAEs. Glycerol results can also be monitored suc-
cessfully. Some reports suggest that a DPOAE protocol can be more suitable for MD monitor-
ing tasks, but considering the mechanisms of OAE generation this might not be true. TEOAEs 
and DPOAEs can similarly detect inner ear alterations as long as these affect the basilar mem-
brane mobility and the functioning of outer hair cells.

Although promising, this field of research still needs to be expanded, where experimental 
studies are lacking. It is likely that in the future, either implementing our knowledge among 
MD, or implementing the OAE technology, the application of the OAE for patients affected 
by MD could be further expanded and offered with more information to the clinical practice.
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Abstract

Tinnitus is one of the Ménière’s disease clue symptoms, but by far less studied than ver‐
tigo or other types of dizziness. The typical Ménière’s tinnitus is a low pitched fluctuating 
one. Although controversial, cochlear Ménière’s disease may account for a tinnitus sub‐
type, a fact that may impact on tinnitus diagnosis and treatment. Further studies focused 
on tinnitus are necessary to clarify at which extent Ménière’s disease may have a role in 
some types of chronic tinnitus.

Keywords: tinnitus, Ménière’s disease, hearing loss, vertigo, dizziness

1. Introduction

Ménière disease (MD) is a chronic inner ear condition that was first described by Prosper 
Ménière in the nineteenth century [1]. His initial description of the disease including hearing 
loss, vertigo and tinnitus was accurate, but the pathophysiology of the condition was only 
described 75 years later. The endolymphatic hydrops is the main finding, initially ascertained 
only in post‐mortem exams and nowadays detectable in high resolution magnetic resonance 
imaging (MRI) [2].

The reported prevalence of MD is 190–513/100,000 cases [3]. Classical symptoms include fluc‐
tuating hearing loss, aural fullness and periodic vertigo and tinnitus [2]. The diagnosis criteria 
from the American Academy of Otolaryngology and Head and Neck Surgery (AAO‐HNS) 
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and the Bárány Society do not recognize an eventual ‘cochlear’ Ménière disease [4], but recent 
imaging studies (gadolinium contrasted 3T MRI) are more sympathetic with this possibility [5].

Although virtually all patients that fulfilled the AAO‐HNF clinical criteria for MD whose 
inner ears were evaluated post‐mortem exhibited endolymphatic hydrops (EH), not all the 
patients with Proven EH developed MD [2]. Many theories concerning the pathophysiology 
of MD have been proposed, including changes in endolymph reabsorption due to anatomical 
variations, perfusion/reperfusion vascular changes, autoimmune mechanisms and changes 
in water homeostasis [6]. Aquaporins (AQP) are involved in fluid regulation in the inner ear, 
specifically the subtypes AQP 1, 4 and 6 [6, 7]. It has been demonstrated that vasopressin 
and oxytocin have a direct effect on aquaporin‐mediated regulation of inner ear fluids [7]. 
Moreover, cytochemical changes in AQP 4 and 6 expressions in the cochlear supporting cells 
were demonstrated in MD inner ears [6].

2. Current trends of thoughts concerning tinnitus pathophysiology

Tinnitus is the perception of noise which is not generated by external stimulus [8]. It affects 
approximately 25% of the general population; one third on a frequent basis [9]. Tinnitus may 
be classified as auditory and para‐auditory tinnitus, with the former representing the major‐
ity of cases and the latter being subdivided into muscular and vascular tinnitus, sometimes 
referred as somatosounds [10].

According to the most recent trends of thought, tinnitus is not considered a disease, but a 
symptom, which may have multiple causes, sometimes even in a single patient [11, 12]. Noise 
exposure, metabolic and cardiovascular disease, presbycusis, ototoxicity and cranial and cer‐
vical trauma are the most frequently considered causes of tinnitus [12, 13]. Caffeine abuse, 
dietary factors, temporomandibular joint and cervical diseases have also been described as 
contributing factors [14–16].

Tinnitus is believed to be a central phenomenon that follows an initial peripheral dam‐
age [17–19]. The cochlear and/or auditory nerve damage may be permanent, temporary 
or even subclinical and central neuroplasticity, including decrease of efferent inhibition, 
tonotopical reorganization and activation of, or modulation by, non‐auditory areas have 
been demonstrated to account for many tinnitus features [17, 18]. Despite the general 
consensus regarding the role of peripheral damage on the onset of tinnitus, many other 
factors contribute to tinnitus distress [20]. The correlation of tinnitus improvement and 
hearing loss recovery in sudden sensorineural hearing loss exists, but is not robust [20]. 
Nevertheless, peripheral aspects of tinnitus may not be ruled out even in chronic tinnitus, 
considering that around 45% of the patients submitted to VIII pair neurectomy experi‐
mented tinnitus improvement [21]. Ménière disease, particularly, may be an important 
example of ‘peripheral’ tinnitus, considering that in the initial stages tinnitus (as well as 
the other symptoms) is intermittent and acute, with no sufficient time for the arousal of a 
fully manifested neuroplasticity.
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were demonstrated in MD inner ears [6].

2. Current trends of thoughts concerning tinnitus pathophysiology

Tinnitus is the perception of noise which is not generated by external stimulus [8]. It affects 
approximately 25% of the general population; one third on a frequent basis [9]. Tinnitus may 
be classified as auditory and para‐auditory tinnitus, with the former representing the major‐
ity of cases and the latter being subdivided into muscular and vascular tinnitus, sometimes 
referred as somatosounds [10].

According to the most recent trends of thought, tinnitus is not considered a disease, but a 
symptom, which may have multiple causes, sometimes even in a single patient [11, 12]. Noise 
exposure, metabolic and cardiovascular disease, presbycusis, ototoxicity and cranial and cer‐
vical trauma are the most frequently considered causes of tinnitus [12, 13]. Caffeine abuse, 
dietary factors, temporomandibular joint and cervical diseases have also been described as 
contributing factors [14–16].

Tinnitus is believed to be a central phenomenon that follows an initial peripheral dam‐
age [17–19]. The cochlear and/or auditory nerve damage may be permanent, temporary 
or even subclinical and central neuroplasticity, including decrease of efferent inhibition, 
tonotopical reorganization and activation of, or modulation by, non‐auditory areas have 
been demonstrated to account for many tinnitus features [17, 18]. Despite the general 
consensus regarding the role of peripheral damage on the onset of tinnitus, many other 
factors contribute to tinnitus distress [20]. The correlation of tinnitus improvement and 
hearing loss recovery in sudden sensorineural hearing loss exists, but is not robust [20]. 
Nevertheless, peripheral aspects of tinnitus may not be ruled out even in chronic tinnitus, 
considering that around 45% of the patients submitted to VIII pair neurectomy experi‐
mented tinnitus improvement [21]. Ménière disease, particularly, may be an important 
example of ‘peripheral’ tinnitus, considering that in the initial stages tinnitus (as well as 
the other symptoms) is intermittent and acute, with no sufficient time for the arousal of a 
fully manifested neuroplasticity.
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3. Tinnitus characteristics in Ménière disease

According to the criteria of AAO‐HNS, MD clue symptoms are recurrent vertigo, fluctuating 
hearing loss and tinnitus or aural fullness sensation [4, 22]. Tinnitus is probably the less studied 
of these symptoms, although specific characteristics of MD tinnitus have been observed [23].

First of all, tinnitus is rarely one of the first symptoms noticed (vertigo is the usual one) [23]. 
Tinnitus is reported by 94% of the patients and considered important by 37% of them [24]. As 
the years pass and MD disease attacks become more frequent, tinnitus may become perma‐
nent and more severe [23, 24].

As tinnitus is usually related to hearing loss, it is not a surprise that MD tinnitus is often 
low frequencies tinnitus (125/250 Hz) [23]. Nevertheless, according to some studies, this low 
pitched tinnitus is better tolerated than the high pitched ones [23].

Tinnitus was found to be a less disabling symptom than vertigo by most of the patients [23]. 
Nevertheless, some patients consider tinnitus an important symptom, and for 19% of MD 
patients, tinnitus is the most severe complaint, although not associated with a relevant impact 
in general health and quality of life [24, 25]. According to some studies, the severity of tinnitus 
does not seem to correlate with the severity of vertigo attacks [23], suggesting that vestibular 
and cochlear aspects of MD may be independent at some level. On the other hand, some stud‐
ies demonstrated a strong association between tinnitus and other Ménière symptoms [26].

Diuretics have been proposed as a valuable treatment for Ménière’s disease, although the 
level of evidence concerning their efficacy is low [27]. The eventual side effects of diuretic 
therapy must not be ruled out as a co‐factor for tinnitus development, if we consider it direct 
ototoxicity and the possibility of excessive decrease of the blood pressure, which, according 
to some authors, may account for direct perfusion/reperfusion changes in the inner ear [27].

The controversial issue concerning the hypothetical ‘cochlear Ménière’ is still a challenge. Current 
AAO‐HNS definitions do not allow this possibility [22], but there is some evidence that it might 
exists [28–30], so it opens a window for the establishment of a tinnitus subtype. According to 
some authors, MD may begin with cochlear symptoms only, which may be attributed to other 
diseases related to hearing loss [30]. According to one study, tinnitus is the first symptom in 
6.6% of the cases and the median time frame to develop the symptomatic triad in such cases is 
3 years [30]. Having said so, it may be possible that cochlear symptoms occur without vertigo, 
at least for an initial time frame. The Ménière’s Disease Index (MDI) was developed as an objec‐
tive correlation of MD, based on audiometric (pure‐tone audiometry air threshold at 125 Hz 
and pure‐tone audiometry air threshold at 8000 Hz) and transtympanic electrocochleography 
(summation potential amplitude at 4000 Hz) data [28]. A recent study evaluated the MDI scores 
in patients with audiological symptoms and without vertigo, concluding that the ‘cochlear MD’ 
patients may represent a separate clinical entity, with MD’s resembling pathophysiology and/or 
endolymphatic hydrops (‘Ménière‐like’) [29]. A typical case is represented below. Figure 1 shows 
the audiometric findings of a possible cochlear Ménière disease with tinnitus. This is a 32‐year‐
old woman with complaints of tinnitus and aural fullness at the right ear. She had no vertigo or 
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other forms of dizziness or imbalance. Physical otolaryngological exam was normal. Pure tone 
audiometry revealed a mild sensorineural hearing loss at the low frequencies on the right ear. 
Tinnitus pitch matching was centred in 250 Hz. The electrocochleography with ear canal elec‐
trode showed a high SP/AP relationship (40%) in the right ear. This may represent a typical case 
of ‘cochlear Ménière’ in which tinnitus was the major complaint.

4. Possible treatment implications

Tinnitus treatment is still a challenge. There is no FDA‐approved drug for tinnitus treatment 
and most of the clinical trials with drugs were not replicated, probably due to differences in 
the samples, tinnitus characteristics, methodology and drug dosage [31]. According to the 
recent consensus of the AAO‐HNS, treatment should focus on counselling, auditory stimula‐
tion and cognitive behavioural therapy [11]. On the other hand, according to many research‐
ers there is no reason that tinnitus could not be pharmacologically targeted, considering the 
multiple neurotransmitters and receptors involved in tinnitus pathophysiology [32]. The 

Figure 1. Pure tone audiometry of a 32‐year‐old woman with left year tinnitus pitched at 250 Hz and no vertigo or other 
forms of dizziness/imbalance. Intracanal ECoG showed a high SP/AP ratio (40%) in the left ear. This may represent a 
cochlear form of MD with tinnitus as the sole complaint.
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main goal of pharmacological treatment is to deliver the drug, to the right place, in the right 
amount, in other words, subtyping tinnitus. Understanding the neurochemistry at the periph‐
eral and central areas involved in tinnitus is an important path to follow and may result in the 
development of successful therapies [31]. Following this line of thinking, if there should be a 
Ménière’s related tinnitus, this could be a possible pharmacological target.

There is a general lack of studies that analyse the effects of MD treatment on tinnitus distress. 
In a retrospective study comparing patients with vestibular disorders that were treated or not 
with betahistine 24 mg bid, tinnitus improvement was significantly better in the group treated 
with betahistine [33]. There was no mention of the type of vestibular disorders included. 
These findings, although not specific for MD, may encourage further studies, considering that 
higher doses of betahistine (even reaching 288–480 mg/day) that have been safely employed 
to MD treatment could also be tried at patients with tinnitus [34].

Recently, it has been demonstrated that nasal oxytocin could induce an immediate decrease 
in tinnitus volume [35]. Oxytocin and vasopressin receptors are found at the cochlea and 
were demonstrated to be related to fluid regulation in the inner ear, via inner ear AQPs [6]. 
Although central effects of oxytocin may also play a role in tinnitus treatment, this immediate 
effect may be related to some kind of hydrops reduction.

In the last years, cochlear implants have been indicated for alleviating tinnitus, with encour‐
aging results [11]. One study evaluated the effects of cochlear implants in patients with severe 
sensorineural hearing loss and Ménière’s disease. Tinnitus distress, evaluated by the Tinnitus 
Handicap Inventory (THI) questionnaire, was significantly reduced in patients with MD (14 
points decrease 6 months after the implantation, p = 0.002) [36].

5. Conclusions

Although, tinnitus is well known as a component of MD spectrum of symptoms, there is some 
evidence that it may occur alongside with other auditory symptoms in the absence of vertigo 
or other forms of dizziness. Understanding MD as a possible tinnitus subtype may unveil 
an important opportunity to study further tinnitus treatment strategies, such as betahistine, 
oxytocin and cochlear implants.
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Abstract

The Meniere’s disease is a chronic condition that requires treatment for long time and 
whose control is not always easy to achieve, requiring some multidrug treatments, and 
sometimes even procedures. We have many drugs and procedures to the treatment of 
Meniere’s disease which may be taken according to the stage of disease and individual 
features.

Keywords: Meniere’s disease, treatment, endolymphatic hypertension, betahistine, 
diuretics, endolymphatic surgery

1. Introduction

Meniere’s disease (MD) symptoms are caused by the accumulation of endolymph in the 
membranous labyrinth, with consequent endolymphatic hypertension, that has been demon-
strated in anatomical-pathological studies [1]. Endolymphatic hypertension leads to malfunc-
tion or irreversible damage to the sensory cells of the anterior and posterior labyrinths with 
their consequent symptoms. It is a multifactorial disorder and involves the participation of 
genetic and external factors.

The treatment of Meniere’s symptoms is based on the control and reversal of endolymphatic 
hypertension which can be done through medications, change in life habits, and others. 
Conservative treatments are aimed at normalizing the membranous labyrinth system homeosta-
sis and controlling the evolution of the disease as well as its symptoms. When symptom control 
cannot be achieved by conservative treatments, one can consider using invasive treatments that 
may assist in the control of endolymphatic hypertension, or destroy the labyrinth sensory cells.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



It is worth noting that the clinical spectrum of Meniere’s disease is broad, with the possibility 
of remission and recurrence of symptoms, and even very unfavorable evolution, with irre-
versible hearing loss and permanent damage to the vestibular function. A good treatment 
must be individualized for each patient, taking into consideration such possibilities, the stage 
of the disease, and the possible consequences that have been promoted.

The more common treatments include salt restriction, diuretics and betahistine, intratym-
panic gentamicin and steroids, ablative surgical therapies and endolymphatic sac surgery, 
and Meniett device. Many ways of hearing and vestibular rehabilitation are available for 
chronic damage treatment, according to each situation (Table 1).

2. Treatment modalities

2.1. Salt restriction and other dietary modifications

The observation that water retention can exacerbate the symptoms of Meniere’s disease (MD) 
was first documented in 1929 [2]. Studies on the increase of sodium levels inducing hydrops 
attacks have been performed since then, with numerous related publications [3]. More recent 
studies also suggest that the restriction of salt, associated with the use of diuretics, gets bet-
ter symptom control in patients with Meniere’s disease [4]. The endolymph disturbances of 
volume and electrolytes are the main cause of the symptoms experienced by patients with 
MD. High salt intake can affect the concentration of electrolytes in the blood, which affects the 
composition of endolymph. This fluctuation in the composition and volume of endolymph 
contributes to the floating nature of symptoms experienced by people suffering from MD [5].

A low-salt diet is an important treatment for patients with MD. The effectiveness of treatment 
is shown when sodium intake is reduced to less than 3 g per day. A low-salt diet can induce an 

Treatment Level of evidence

Salt restriction 5

Diuretics 2b

Betahistine 2b

Steroids 1b

Gentamicin 1b

Endolymphatic sac surgery 2b

Vestibular nerve section 2b
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Meniett device No evidence level

Table 1. Level of evidence of treatments according to the Oxford Centre for evidence-based medicine.
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increase in plasma concentration of aldosterone, which can enable the transport of ions to the 
absorption of endolymph in the endolymphatic sac. Other dietary changes include limiting 
alcohol and caffeine intake as evidenced by [4]. Both alcohol and caffeine can lead to vaso-
constriction and a decrease in blood supply to the inner ear which can make the symptoms of 
patients more intense.

2.2. Diuretics in Meniere’s symptoms

Diuretics affect the balance of electrolytes in the endolymph, leading to the reduction of the 
volume and pressure, which can occur by increased drainage of endolymph or by reducing its 
production. They are usually used to control vertigo, hearing loss, tinnitus, and aural fullness 
in patients with Meniere’s disease.

The article published by Ref. [6] makes an analysis of the retrospective medical records of 
patients with Meniere’s disease and was designed to evaluate the effect of acetazolamide 
and chlorthalidone at the rate of hearing loss. Three groups were compared as follows: (1) 79 
patients treated with clortalidona from 5 to 13.4 years; (2) 42 patients treated with acetazol-
amide between 5 and 7.8 years; and (3) a control group of 71 patients who received only the 
symptomatic treatment for intermittent dizziness, followed by 5–24.1 years. In the short-term, 
after 2–6 weeks of treatment, a statistically significant reduction of average hearing loss was 
observed with both clorotalidona and acetazolamide. In the long run, more than 5 years, no 
preventive effect on the deterioration of hearing loss can be detected. Both acetazolamide 
and chlorthalidone may be useful for diagnostic purposes, causing a fluctuation of hearing, 
as well as to control the attacks of vertigo, but is not useful for the long-term prevention of 
deterioration in hearing on Meniere’s disease [6].

Another double-blind randomized controlled study published in 1982 [7] comparing the 
betahistine use with hydrochlorothiazide. Patients were initially kept under observation for 
3 months without medication beyond symptomatics. Then patients were divided into two 
groups, each with 16 patients receiving betahistine or hydrochlorothiazide during 6 months. 
Before and during treatment, subjective symptoms, such as dizziness, bouts of dizziness, tin-
nitus, aural fullness, and general well-being, were evaluated every 4 weeks. At the moment, 
betahistine seems to be the drug of choice for Meniere’s disease with floating hearing thresh-
olds. In all patients of this study, an improvement and reduction in the severity, frequency, 
and duration of vertigo attacks in 6 months of treatment was observed. In contrast, hydro-
chlorothiazide showed a distinct therapeutic effect on general well-being and vertigo, notably 
during the first months of treatment in patients with stable hearing thresholds [7].

Klockhoff et al. in 1976 [8] observed 34 patients with Meniere’s disease who were treated with 
chlorthalidone. Twenty-six patients had drug-related improvements, especially a reduction 
in the prevalence and severity of vertigo. In four patients, the effect was minor, other four 
patients seemed to have resistance to chlorthalidone despite positive glycerin tests, and two 
of them needed surgery. Chlorthalidone was also given to 220 severely disabled patients who 
were hospitalized for further examination and possible surgical procedure. The improve-
ments were obtained in such a way that the operation was avoided in 133 patients (60%). 
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Regular or long-term treatment with chlorthalidone that produces a symptomatic relief is 
considerable in many patients during the active phase of the disease. It reduces the need for 
surgical intervention and helps patients to maintain an active life, but not arrest the course of 
degenerative disease [8].

However, Brookes and Booth [9] published an observational study that was conducted in 
14 patients who received acetazolamide with duration ranging from 1 week to 9 months 
and the therapeutic efficacy of this medication. There was improvement in four patients and 
improvement was not maintained in two of these, while the other had to cease the medication 
due to the development of kidney stone. The worsening of symptoms was observed in 3 cases 
and adverse side effects were observed in 6 of the 13 patients (46.2%) that fulfilled the dosage of 
drugs. It is suggested that this high incidence of side effects can be consistent with the general 
metabolic difference between Meniere’s disease patients and normal individuals. This work 
concluded that acetazolamide has no place in the medical treatment of Meniere’s disease [9].

More recently, a new review conducted by Duke University in 2016, based on boots with 
diuretics in MD for the last 10 years sought to assess, including any oral diuretic study in 
adult patients, hearing results reported, results of vestibular symptoms, effects, and com-
plications of diuretic treatment. In this revision, 19 studies were included with considerable 
heterogeneity in the population of patients evaluated, design of studies, as well as type of 
diuretics, dosage, follow-up, and results. Most of these studies reported improvement in ves-
tibular symptoms, but little improvement of hearing in these patients. As with other condi-
tions faced by otorhinolaryngologists, diuretic therapy for Meniere’s disease is often initiated 
as first-line therapy, although low level of evidence is present to justify its use (2b) [10].

Last survey of Cochrane [11] found no evidence of high quality to evaluate the efficacy of 
diuretics on Meniere’s disease to not to introduce controlled double-blind randomized trials 
using placebo for diagnosis and outcome evaluation. Despite the lack of evidence of high 
quality, some studies have reported an improvement in patients’ vertigo during use of diuret-
ics in the short-term.

2.3. Betahistine on Meniere’s symptoms

Betahistine is a drug that has pharmacological and structural properties similar to histamine. 
Betahistine is a heteroreceptor H3 antagonist and agonist H1 receiver that improves the 
microcirculation in the inner ear, promoting and facilitating central vestibular compensation 
[12]. The circulatory effects of betahistine have been demonstrated in laboratory animals and 
in humans. Betahistine increases the regional blood flow in patients with degenerative cere-
brovascular disease and significantly improves cognitive function in the elderly [13].

Mira et al., in 2003 [14], compared the efficacy and safety of betahistine dihydrochloride to pla-
cebo in recurring dizziness resulting from Meniere’s disease (MD) or benign paroxysmal posi-
tional vertigo (BPPV) of vascular origin. In this double-blind, parallel-group, multicenter, and 
randomized study, a group was treated with betahistine (MD: 34/BPPV: 41) and another with 
placebo (MD: 40/BPPV: 29). Betahistine had a significant effect on the intensity, frequency, 
and duration of vertigo’s attacks compared with placebo, also with a better quality of life [14].
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Lezius et al. [15] evaluated the clinical benefits and side effects of high doses of betahistine 
dihydrochloride (288–480 mg/day) in patients with severe Meniere’s disease. In this series, 11 
MD patients who have not responded well enough to 144 mg/day dosage of betahistina were 
treated individually with daily doses between 288 and 480 mg. As a result, the frequency and 
severity of dizziness were significantly reduced in all patients. The side effects were mild, 
Self-limited, and do not require any changes in treatment strategy. Despite the considerable 
limitations of an observational study, high doses of betahistine between 288 and 480 mg/day 
appear to be effective in patients who are not sufficient to respond to lower doses. In addition, 
these doses are well tolerated.

In contrast, Adrion et al. [16] indicate that the incidence of attacks related to Meniere’s dis-
ease did not differ among the three treatment groups (P = 0.759). Compared with placebo, 
crisis rates were 1.036 (95% confidence interval −1.140 to 0.942) and 1.012 (0.919–1.114) to a 
betahistine low-dose and high-dose betahistine, respectively. The global monthly attack rate 
dropped significantly by 0.758 factor (0.705–0.816; P < 0.001). Based on the monthly average 
incidence population on average over the period of evaluation was of 2.722 (1.304–6.309), 
3.204 (1.345–7.929), and 3.258 (1.685–7.266) for the placebo groups, betahistine low-dose and 
high-dose betahistine, respectively. The results were consistent with no important side effects. 
The placebo effect could not be evaluated.

The Cochrane survey [17] reveals no conclusion evidence of betahistine use on Meniere’s 
treatment despite the good results.

2.4. H1 receptor blockers and calcium antagonist

H1 receptor blockers and calcium antagonist, flunarizine and cinnarizine, inhibit vasocon-
striction and act as sedatives vestibular, being used in the treatment of central and peripheral 
vertigo. Both are contraindicated in patients with extrapyramidal disorders [13], being useful 
for symptomatic treatment and during crises.

2.5. Benzodiazepines

Benzodiazepines act in a way that increases the inhibitory effect of gamma-aminobutyric acid in 
the vestibular nuclei and is useful in the therapy of vertigo, in the control of anxiety, and panic 
attacks in patients dizzying. One may experience drowsiness, fatigue, and drug dependence.

2.6. The Ginkgo Biloba (EGb 761)

The EGb 761´s hemodynamic, hemorheological, metabolical, and neural effects are studied in 
Ref. [18]. It is used in the treatment of vertigo of peripheral origin [19].

Headache, hypotension, and gastrointestinal disturbance are the main adverse effects.

2.7. Intratympanic corticosteroid and Meniere’s symptoms

The aim of these treatments is to use the medication that will affect the inner ear by entering 
the ear through the round window. Corticosteroids reduce the inflammation in the ear and 
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can increase labyrinth circulation and also there have been some suggestions that the steroids 
affect the metabolism of salt in the inner ear [20].

In a retrospective analysis by She et al. [21] patients with intractable Meniere’s disease were 
treated with intratympanic methylprednisolone perfusion. These 16 patients were followed 
for more than 2 years. The vertigo control rates in the short- and long-term were 94 and 81%, 
respectively; the improvements of functional activities in the short-term were 94 and 88% in 
the long-term. The tonal average did not change significantly. In patients with intractable dis-
ease with good hearing preservation, intratympanic methylprednisolone can control vertigo 
and functional improvement, being a viable alternative for an intractable Meniere’s disease.

A retrospective analise performed by Boleas-Aguirre et al. states that control of dizziness was 
retrieved from 117 (91%) of 129 individuals and needed only 1 injection of dexamethasone 
37%, 2 shots in 20%, 3 shots in 14%, and 4 injections in 8%; 21% needed more than 4 injections; 
96 patients had follow-up data after 2 years. Of these, 91% had control of dizziness with intra-
tympanic dexamethasone, and some needed more injections of dexamethasone or associated 
intratympanic gentamicin [22].

A review is published by the Cochrane in 2011 through randomized clinical trial of intratym-
panic dexamethasone versus placebo in patients with Meniere’s disease. Only 22 patients were 
included. After 24 months of study, a statistically significant improvement in vertigo was con-
firmed compared to placebo. Change in score dizziness handicap inventory (60.4 against 41.3) 
and average improves subjective vertigo (90 versus 57%). The scheme of treatment described 
by the authors involves daily injections of dexamethasone 4 mg/ml solution for consecutive 5 
days. These results were clinically significant. No complications were reported [23].

2.8. Intratympanic gentamicin injection

The first publication about the use of intratympanic aminoglycosides (streptomycin) on 
Meniere’s disease in 1950 was of Schuknecht [24]. The aim of this therapy is to cause chemical 
damage or perform the ablation maze sick, in order to stop the floating labyrinth malfunction, 
causing the symptoms of Meniere’s disease, and create a lasting situation of hypofunction 
where the brain can compensate for. This treatment can decrease the episodes of dizziness in 
Meniere’s disease.

This chemical ablation of the labyrinth has some advantages over the classic surgical abla-
tion (labyrinthectomy or vestibular nerve section), such as it can be performed on an out-
patient basis under local anesthesia. Gentamicin is more vestibulotoxic than ototoxic, so it 
may be possible to preserve hearing. There is no consensus on the best dosing schedule to 
minimize hearing damage, but many authors argue that intermittent dosing with long inter-
vals between two injections to check if hearing loss occurred is a safer approach in the main-
tenance of hearing [25].

The procedure is started after anesthesia of tympanic membrane topically with any phenol 
or EMLA® cream (2.5% lidocaine and 2.5% prilocaine). A small ventilation hole is made with 
a 25 gauge needle preferably earlier, and then the drug is injected postinferiorly until the 
middle ear space bottom is filled. The patient is then instructed to keep the ear where it was 
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injected the drug up to 20 min, to allow for absorption by the round window. In most stud-
ies, the application of gentamicin dose varies from 30 to 40 mg/mL (1 vial), applied between 6 
weeks and 6 months, or 12 shots with a maximum of 360 mg, the following suggested ranges 
around 6–28 months, the American Academy of Otolaryngology Head and Neck Surgery 
(AAO-HNS) recommends a 2-year follow-up [26, 27].

Contraindications include active, middle ear infection only with hearing or ear balance function. 
The most commonly seen complications are hearing loss and unilateral vestibular hypofunc-
tion. Most of the patients need only an injection and most of these patients are able to avoid the 
ablative surgery due to significant improvement of treatment with intratympanic gentamicin.

The side effects of either intratympanic gentamicin or corticosteroids are minimal and a good 
result is achieved in about 90% with steroids at an early stage or gentamicin at a later stage, a 
very significant number when compared to the 30% success rate from placebo [28].

2.9. Endolymphatic sac surgery

Endolymphatic mastoid sac surgery (EMSS) has been known since the age of the Renaissance 
and remains a conservative popular procedure for the treatment of MD up to date [29]. 
Historically, vestibular neurectomy and transmastoid labyrinthectomy were provided to ves-
tibular control, 90–95% of control rate. Vestibular neurectomy has a high potential for mor-
bidity and neurosurgical complications. Hearing is eliminated in all cases of labyrinthectomy.

It is due to these possibilities of complications that today we opt for less destructive proce-
dures to relieve vertigo.

In particular, EMSS appears to have regained popularity recently due to its low-risk safety 
profile, effectiveness in controlling episodes of vertigo, and in some cases improvement in 
hearing [30].

The procedure is initiated with the patient on general anesthesia and monitoring of the facial 
nerve. Antibiotics are administered and a standard mastoidectomy is performed followed 
by decompression of sigmoid sinus. Then the endolymphatic sac is identified behind the 
posterior semicircular canal, along the plate posterior fossa, below the Donaldson line. In a 
decompression surgery, bone about the sac is largely removed. A “stent” (Silastic® or Teflon®) 
is placed inside the sac that directs endolinfa to mastoid cavity or to the cerebrospinal fluid 
compartment. The more common contraindications are active mastoid or middle ear disease. 
Among complications related to this surgical procedure mainly are hearing loss, dizziness, 
cerebrospinal fluid loss, damage to the sigmoid sinus, facial palsy, addition of anesthetics, 
and general surgical risks. Within the surgical technique terms, similar results are achieved 
with decompression of the endolymphatic sac against shunting maneuvers.

Samy et al. concluded in a retrospective chart review of 456 consecutive patients between 
1997 and 2006, that EMSS did not significantly affect hearing outcomes at 2-year follow-up. 
Of all patients in the study, 60% had no clinically significant change in hearing, whereas 
24% improved and 16% worsened. The distribution of posttreatment hearing changes between 
the medical and surgical groups was statistically insignificant (P = 17) [31].
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The safety of EMSS surgery has also been established in elderly patients with Meniere’s dis-
ease. In a Paparella et al. study with 62 patients (age ≥ 65 years) submitted to 78 EMSS surger-
ies without significant complications, 1.6% of major complications, mainly cardiac arrhythmia 
and 77% of patients achieved complete resolution of the symptoms for up to 2 years after the 
procedure.

2.10. Vestibular nerve section (VNS)

The great brain surgeon Walther Edward Dandy (1886–1946) of Baltimore described the 
vestibular nerve section (VNS) in 1928. Until 1941, he had already operated 401 cases with 
only one fatality [31]. There was renewed interest in vestibular nerve section after House 
introduced the middle-fossa vestibular neurectomy in 1961. Fisch and Glasscock and col-
leagues modified House’s middle-fossa approach to include inferior vestibular neurectomy 
for improved control of vertigo. Silverstein and Norrell described the first retrolabyrinthine 
vestibular nerve section for Meniere’s disease [32].

Patients with bilateral vestibular disease are not considered for a VNS because of the oscil-
lopsia and permanent imbalance that can result from bilateral vestibular loss.

Vestibular nerve section can be performed through a retrosigmoid approach or retrolabirintic, 
associated with the monitoring of the facial nerve and auditory evoked potential. In the retro-
sigmóide approach, lower and upper vestibular nerves are identified and divided in internal 
acoustic pores not taking care to injure the facial nerve or cochlear. The identification of the 
vestibular nerves can be facilitated by the decompression internal auditory canal laterally, in 
order to locate definitely references such as the horizontal and vertical ridges (Bill) and the 
unique nerve after semicircular canal ampulla.

Already in the retrolabirintic approach, a mastoidectomy is performed, with decompression 
of sigmoid sinus and posterior semicircular canal and the vertical segment of the facial nerve. 
The dura mater of the posterior fossa is then identified and the internal auditory meatus is 
decompressed to view individual nerves. The vestibular nerve and the facial cochlear are iden-
tified and the vestibular nerve is carefully cut with subsequent placement of fat graft inside the 
mastoidea cavity to prevent loss of CSF (cerebrospinal fluid). Central compensation after ves-
tibular neurectomy is key for postoperative recovery of balance. This makes any indication of 
central nervous system diseases such as cerebellar dysfunction, multiple sclerosis, physiologic 
old age, and poor medical condition a relative contraindication for vestibular nerve section.

Vestibular nerve sectioning is one of the most effective procedures for treating intractable ver-
tigo in patients with no hearing in a unilateral Meniere’s disease ear. In the literature [33–37], 
vertigo control rates between 78 and over 90% have been reported.

The contraindications are rare for this type of surgery, complications can exemplify: loss of 
CSF, meningitis, cranial Neuropathies, seizures, stroke, and death, in addition to general sur-
gical and anesthetic risks. One of the major setbacks of the postoperative period is the need 
for hospitalization of the patient around 2–5 days. Effective medical treatment and dietary 
control, combined with intermittent use of oral steroids and middle ear perfusion of steroids 
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gical and anesthetic risks. One of the major setbacks of the postoperative period is the need 
for hospitalization of the patient around 2–5 days. Effective medical treatment and dietary 
control, combined with intermittent use of oral steroids and middle ear perfusion of steroids 
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or gentamicin has substantially reduced the number of patients with intractable vertigo need-
ing vestibular neurectomy.

2.11. Labyrinthectomy

The goal of the surgery is the removal of vestibular end organs of five neuroepithelium: 
the three semicircular canals, the utriculus, and sacculus. In patients with severe hearing 
loss who do not respond to other surgical and medical treatments, labyrinthectomy is typi-
cally the last choice for unilateral MD. Bilateral MD is a contraindication for this procedure, 
because of the oscillopsia and permanent imbalance that can result from bilateral vestibular 
loss, as for VNS.

Several studies have shown excellent control of vertigo in up to 97% of patients. There is a 3% 
risk of CSF leak and a 2% risk of facial nerve injury [38].

Classically indicated when the audiometry shows loss greater than 60 dB and discrimination 
less than 50%.

The patient is placed under general anesthesia and monitoring of facial nerve after antibiotic 
administration of a standard mastoidectomy is performed. The tegmen tympani, sigmoid 
sinus, horizontal channel, and facial nerves are all identified. Gain access to the horizontal 
semicircular canal, followed thereafter by posterior semicircular canal, which in turn is fol-
lowed to the raw comunna to identify the upper channel of the semicircular canals to the 
lobby, and finally removes the sacculus and utriculus, after removal of all neuroepitélio, the 
surgical wound is closed and a bandage on the mastoid is applied.

It is normal to find the post or horizontal nystagmus and lateral superior oblique (LSO), a 
slope deviation can be occasionally observed due to acute interruption of the utricular unilat-
eral entry. Complications include dizziness, loss of CSF, sigmoid sinus damage, facial paraly-
sis, in addition to the anesthetic and surgical risks.

Often the vestibular therapy is useful in the postoperative period to assist the central compen-
sation and the return to functionality.

Nevertheless, literature research concerning cases of labyrinthectomy and cochlear impla-
ntation in patients suffering Meniere’s disease is limited and is being performed in cases 
of bilateral Meniere’s disease or even 20 years after labyrinthectomy. Zwolan et al. per-
formed to our knowledge the first simultaneous labyrinthectomy and cochlear implanta-
tion in a single patient [39]. As the results show, the combination of labyrinthectomy and 
cochlear implantation is an efficient concept for the treatment of patients with Meniere’s 
disease and single-sided deafness in case where the above preconditions have been imple-
mented. An excellent control of vertigo symptoms could be achieved using this therapeuti-
cal concept.

For patients with single-sided Meniere’s disease and profound sensorineural hearing loss, a 
simultaneous labyrinthectomy and cochlear implantation are efficient method for the treat-
ment of vertigo and rehabilitation of the auditory system [40].
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3. Meniett device

During the decade of 1970, the demand for a more effective and a nondestructive method for 
the treatment of MD, Inglestad et al. [41] observed that some patients reported improvement 
with changes of pressure in a pressure chamber. Densert et al. [42] showed that the manipu-
lation of the middle ear pressure influences the pressure in the inner ear; later, improved 
hearing and dizziness in patients with MD were described after the application of positive 
pressure in the middle ear.

Additionally, there was improvement of the cochlear electrical potentials after administra-
tion of positive pressure in the middle ear, which finally led to the development of the device 
known as the Meniett (Medtronic Xomed Surgical Products, Jacksonville, FL).

The Meniett device emits a pulse of repeated pressure of 0.6 second in the range of 0–20 cm 
H2O at 6 Hz. Treatment consists of three to four cycles of a sequence of treatment of 5 min, 
this device requires only a short-term ventilation tube (Sheppard) to allow the transmission 
of impulses in an auditory external pressure to the middle ear.

The FDA approved the use of the device in 2002, demand is still low, despite recent work 
showing the effectiveness of the device. Meniett reduces the frequency of dizziness in patients 
with Meniere’s disease activity, an improvement of AAO-HNS Meniere’s disease functional 
level scale, but the device does not significantly improve hearing, showing a safe option for 
patients with refractory diseases to the conventional treatments [43].

4. Vestibular rehabilitation

Vestibular rehabilitation is a form of body and eye movement stimulation therapy designed 
to improve vestibular function and mechanisms of central adaptation and compensation. It 
is mainly useful to treat the MD squeal; vestibular adaptation exercises to prevent falls have 
proven to be particularly effective. This type of treatment is quite effective for patients with 
stabilized vestibular function [44].

5. Conclusion

Treatments in Meniere’s disease are generally aimed at reducing the acute symptomology 
vertiginous episodes. The cure currently does not exist. To date, the treatment has convinc-
ingly been shown to be effective in altering the natural course of the disease, thereby prevent-
ing end organ damage, which results in hearing loss and vestibular impairment. The clinical 
spectrum of the disease of Meniere’s symptoms is wide, with the possibility of remission and 
recurrence of symptoms, and even fairly unfavorable developments, with irreversible hearing 
loss and damage the vestibular function. A good treatment must be individualized for each 
patient, taking into consideration these possibilities, the stage of disease, and the possible 
consequences that have been promoted.
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Abstract

Objective: The aim of the study to evaluate the effectiveness of oral and injection intra-
tympanic methylprednisolone to treat acute tinnitus associated with idiopathic sudden 
sensorineural hearing loss.

Study design: Analytical, prospective and longitudinal study.

Setting: Brasilia Institute of Otorhinolaryngology.

Subjects and methods: Twenty‐three subjects with acute tinnitus and idiopathic sudden 
sensorineural hearing loss, 13 treated with oral steroids only (Group 1) and 10 treated 
with methylprednisolone intratympanic injection as rescue therapy (Group 2), and evalu-
ated by audiometry, otoacoustic emission, tinnitus handicap inventory (THI) and visual 
analog scale (VAS) to assess the degree of tinnitus annoyance, before treatment and after 
3 months.

Results: The annoyance due to tinnitus resulted in a mean VAS of 7.69 in the beginning of 
treatment and 5.15 3 months after treatment (Group 1), and 8.30 at the beginning and 6.00 
3 months later (Group 2). In THI, average was 64.77 points at the beginning of treatment 
and 49.92 points 3 months later (Group 1) and 72.20 points at the beginning and 51.60 
points after 3 months (Group 2). The results of audiometry and otoacoustic emissions 
showed significant improvement in both groups with significant differences intragroups 
before and after, but not between the groups.

Conclusion: The results suggest that both oral and injection intratympanic methylpred-
nisolone are effective treatment for acute tinnitus associated with idiopathic sudden 
sensorineural hearing loss in these patients.

Keywords: tinnitus, idiopathic sudden sensorineural hearing loss, treatment, 
intratympanic, corticosteroids

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



1. Introduction

Tinnitus is a complex disorder and is presented as a hearing sensation, which is not associated 
with an external sound stimulus [1]. It probably arises initially in the cochlea and later reaches 
higher structures of the auditory system where it becomes sometimes very annoying (severe 
disabling tinnitus—SDT).

One study showed 10 patients with “predominantly cochlear tinnitus” treated using intra-
tympanic dexamethasone injections and described 5 patients with tinnitus control for at least 
1 year [2]. They did not use a control group.

The effectiveness of intratympanic dexamethasone injections as a treatment for SDT was stud-
ied [3]. A control group was treated with saline solution and a study group with dexametha-
sone solution, both using intratympanic injections. There was no statistic significant difference 
between saline and dexamethasone solution regarding tinnitus improvement measured with 
visual analog scale (VAS). They concluded that intratympanic injections of steroids are not 
effective for the treatment of chronic SDT.

For acute tinnitus, interventions such as intratympanic AM‐101 (a cochlear N‐methyl‐D‐aspartate 
receptor antagonist) were tested. However, there is insufficient evidence to support the safety 
and efficacy of this intervention [4]. A second phase study was carried out, randomized, and 
placebo controlled using AM‐101 intratympanic injections and concluded that the duration of 
symptoms affected the cure rate of intratympanic therapy for acute subjective tinnitus [5].

The management of subjective tinnitus associated with idiopathic sudden sensorineural hear-
ing loss (ISSHL) includes oral, intravenous, and/or intratympanic administration of cortico-
steroids as initial therapy [6]. Intratympanic corticosteroids were effective for the treatment 
of idiopathic sudden sensorineural hearing loss (ISSHL) in controlled trials when used as 
primary therapy [7] or as rescue therapy after failure of initial oral steroids therapy [6].

The sudden sensorineural hearing loss (SSHL) is a hearing loss of at least 30 dB at three con-
secutive frequencies occurring in the period of 3 days or less [8] may occur in frequencies and 
intensities varying from a mild hearing loss to a total loss of hearing [9, 10].

SSHL is often accompanied by tinnitus and there are few theories trying to explain its mecha-
nism. One of them associates this symptom to a maladaptive attempt at cortical reorganiza-
tion process due to peripheral deafferentation [7].

Many of these patients with tinnitus and SHL remain with residual buzz even if the treatment 
for SHL has been effective. The treatment of sudden sensorineural hearing loss is based on its 
etiology. In idiopathic sudden sensorineural hearing loss (ISSHL), the oral corticosteroids are 
widely used, although the supporting evidence is weak. Injection intratympanic dexametha-
sone has been tried in patients with idiopathic sudden sensorineural hearing loss because it 
provides a high concentration of steroids in the labyrinth in animal models [8]. In addition, 
there are several advantages to intratympanic treatment. The procedure is well tolerated, rela-
tively easy to perform as outpatient. Most patients understand the concept of intratympanic 
treatment and easily accept this therapy [3].
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The management of subjective tinnitus associated with idiopathic sudden sensorineural hear-
ing loss (ISSHL) includes oral, intravenous, and/or intratympanic administration of cortico-
steroids as initial therapy [6]. Intratympanic corticosteroids were effective for the treatment 
of idiopathic sudden sensorineural hearing loss (ISSHL) in controlled trials when used as 
primary therapy [7] or as rescue therapy after failure of initial oral steroids therapy [6].

The sudden sensorineural hearing loss (SSHL) is a hearing loss of at least 30 dB at three con-
secutive frequencies occurring in the period of 3 days or less [8] may occur in frequencies and 
intensities varying from a mild hearing loss to a total loss of hearing [9, 10].

SSHL is often accompanied by tinnitus and there are few theories trying to explain its mecha-
nism. One of them associates this symptom to a maladaptive attempt at cortical reorganiza-
tion process due to peripheral deafferentation [7].

Many of these patients with tinnitus and SHL remain with residual buzz even if the treatment 
for SHL has been effective. The treatment of sudden sensorineural hearing loss is based on its 
etiology. In idiopathic sudden sensorineural hearing loss (ISSHL), the oral corticosteroids are 
widely used, although the supporting evidence is weak. Injection intratympanic dexametha-
sone has been tried in patients with idiopathic sudden sensorineural hearing loss because it 
provides a high concentration of steroids in the labyrinth in animal models [8]. In addition, 
there are several advantages to intratympanic treatment. The procedure is well tolerated, rela-
tively easy to perform as outpatient. Most patients understand the concept of intratympanic 
treatment and easily accept this therapy [3].
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The questions we try to ask in this paper are as follows:

1. Are steroids intratympanic injections effective in the treatment of acute tinnitus? (As in 
ISSHL).

2. If so, what explains the fact it is not effective to treat chronic SDT?

2. Methods

The study protocol and procedures were approved by the Research Ethics Committee (REC) 
University of Brasilia (Opinion number 132/2012). All patients received information about the 
risks and expectations of therapy and signed a free informed consent form (FICF) accepting 
their participation in the study.

This is an analytical, prospective and longitudinal study, and the data were analyzed between 
January (2014) and June (2015).

Patients with middle ear diseases; presence of air type tympanogram, Ad, Ar, B, or C; prior 
ear surgery; signs of acute or chronic otitis media; history of Meniere’s syndrome or fluctuat-
ing hearing; and history of prior sensorineural hearing loss were excluded (Figure 1).

From the initial sample of 38 patients with acute tinnitus and idiopathic sudden hearing 
loss, 23 were enrolled, 13 in the oral steroid therapy group (Group 1/oral therapy) and 10 
in the intratympanic corticosteroids group after failure of oral therapy (Group 2/rescue 
therapy).

Tinnitus handicap inventory (THI) [11] and visual analog scale (VAS) were used for evalu-
ation of tinnitus annoyance. For audiological assessment, tonal and vocal audiometry were 
used. (Diagnostic audiometer Madson Itera II) and for distortion products otoacoustic emis-
sion (DPOAE) measurements OtoRead Portable Interacoustic device was used.

A detailed clinical history was taken, followed by an otoneurological examination and audio-
logical assessment by tonal and vocal audiometry. DPOAE measurements and application of 
THI [11] and VAS were carried out before onset of therapy and 3 months later [6].

All patients underwent pure‐tone audiometry (PTA) and speech audiometry carried out by 
the same audiologist before and after treatment. The mean was calculated based on pure‐tone 
average at 500, 1000, 2000, and 4000 Hz [12].

For DPOAEs, primary tones f1 and f2 were presented at 55 and 65 dBSPL (sound pressure 
levels). The f2/f1 ratio was kept at approximately 1.2. The levels of the DPOAE at 2fi–f2 were 
recorded in four different frequencies (ranging between 2000 and 5000 Hz), DP‐gram showed 
DP1 level (dB) and DP1 signal‐to‐noise ratio (dB).

All patients were treated with systemic oral therapy according to the local protocol (1 mg/kg/
day prednisolone for 10 days, followed by decreasing doses thereafter). Next, rescue therapy 
with intratympanic methylprednisolone was offered after systemic therapy failed and no 
improvements were demonstrated audiometrically in 10 patients (Group 2).
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Initially, EMLA cream was applied (AstraZeneca, Wilmington DE) for topical anesthesia in 
the external auditory canal and the tympanic membrane and left for 30–45 minutes. Then, 
the patient’s head was placed at 45° in the direction of the affected ear. A solution of 40 mg of 
methylprednisolone/ml was warmed to body temperature. About 0.3–0.5 ml of the solution 
was injected into the middle ear; two holes were made with the application of needle (Gelco 
N.22), one just below the umbo (where the drug was administered) and another in the upper 

Figure 1. Schematic diagram.

Up to Date on Meniere's Disease178



Initially, EMLA cream was applied (AstraZeneca, Wilmington DE) for topical anesthesia in 
the external auditory canal and the tympanic membrane and left for 30–45 minutes. Then, 
the patient’s head was placed at 45° in the direction of the affected ear. A solution of 40 mg of 
methylprednisolone/ml was warmed to body temperature. About 0.3–0.5 ml of the solution 
was injected into the middle ear; two holes were made with the application of needle (Gelco 
N.22), one just below the umbo (where the drug was administered) and another in the upper 

Figure 1. Schematic diagram.

Up to Date on Meniere's Disease178

posterior region (vent). After intratympanic application of the steroid, the patient remained in 
the injection position with head turned 45° for 30 minutes to maximize exposure of the round 
window membrane to the solution and were applied three injections every 48 hours.

The criteria for defining successful recovery after therapy vary in the literature on intratym-
panic therapy. The hearing recovery was analyzed in three categories: (A) complete recovery 
when there was improvement ≥ 30 dBHL (hearing loss) in the affected frequencies; (B) partial 
recovery, when there was improvement ≥ 10 dBHL and ≤ 30 dBHL in the affected frequencies; 
(C) no recovery when there is an improvement of ≤ 9 dBHL [13]. Failure of oral prednisolone 
therapy was absence of improvement, as just described, after 14 days of treatment [14].

All patients answered the THI [11] and the VAS to assess quantitatively and qualitatively 
the therapeutic response in relation to tinnitus. In the VAS, score ranges from 1 to 10, where 
10 represents the highest degree of tinnitus severity. Scores measured the intensity and dis-
comfort of tinnitus. Two points in the VAS were considered significant change [3]. The THI 
questionnaire was considered improved when there was change of category of tinnitus sever-
ity in the following scale: Grade 1 negligible (0–16), Grade 2 light (18–36), Grade 3 moderate 
(38–56), Grade 4 severe (58–76), and Grade 5 catastrophic (78–100) [11].

The average posttreatment for some measures were compared between types of treatment 
(oral therapy and intratympanic corticosteroids after failure of oral therapy) using an analysis 
of covariance model (ANCOVA). In the ANCOVA model, the measurement obtained after 
treatment was considered the dependent variable, the type of treatment as the independent 
variable and the measures at baseline as the covariate. Mean comparisons were made with the 
intragroup test employing Student t‐test for paired samples. Note that p < 0.05 was considered 
significant. The analysis was performed using SAS v 9.4 (SAS Institute, Inc., 2012).

3. Results

There were 23 subjects in the total, 13 subjects (6 female and 7 male, mean age = 38.30 years) 
in the oral steroid therapy (Group 1) and 10 subjects (7 female and 3 male, mean age = 47.40 
years) in the intratympanic corticosteroids after failure of oral therapy (Group 2).

The average total score in THI before in Group 1 (n = 13) was 64.77 points, and after oral therapy, 
it was 45.90 points. The mean of the THI score before intratympanic corticosteroids after failure 
of oral therapy (Group 2) (n = 10) was 72.20 points and 47.73 points after (Figure 2). The mean 
VAS value in Group 1 was 7.69 points before and 5.30 points after therapy. The average value 
in VAS for the Group 2 was 8.30 points before and 5.81 points after therapy (Figure 3). THI and 
VAS averages showed a significant decrease when comparing the values before and after treat-
ment intragroups (p < 0.05), whereas the analysis between groups was not statistically different.

In pure tone audiometry, we found the average of 74.23 dB (Group 1) before and 59.69 dB 
after therapy and 86.50 dB before and 51.91 dB after therapy (Group 2; Figure 4). A significant 
decrease in pure tone thresholds was found when comparing the values before and after treat-
ment intragroups (p < 0.05), whereas the analysis between groups was not statistically different.
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Figure 4. PTA results before and after treatment.

Figure 2. THI results before and after treatment.

Figure 3. VAS results before and after treatment.
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In the DPOAE test, we found in Group 1 the following amplitude values before and after therapy: 
for frequencies of 2 KHz: −10.08 and −1.69 dB; 3 KHz: −9.77 and −1.85 dB; 4 KHz: −10.92 and 
−5.08 dB; and 5 KHz: −10.69 and −2.85 dB. As for Group 2, the following amplitude values were 
obtained before and after treatment, respectively: 2 KHz: −12.30 and −3.90 dB; 3 KHz: −12.00 and 
−7.10 dB; 4 KHz: −11.30 and −6.10 dB, and 5 KHz: −12.60 and −4.40 dB (Figure 5).

As for the S/N ratio, the following values were obtained in Group 1 before and after therapy, for 
each frequency tested: 2 KHz: 2.77 and 8.38 dB; 3 KHz: 2.23 and 8.69; 4 KHz: 0.00 and 7.85 dB, 
and 5 KHz: 1.23 and 8.08 dB (Figure 6). We found a significant decrease when comparing the 
amplitude values before and after treatment intragroups (p < 0.05) in the four analyzed frequen-
cies (2, 3, 4, and 5 KHz), while the analysis between groups did not show statistical difference.

The S/N ratios were as follows before and after treatment, respectively: 2 KHz: 0.00 and 7.10 
dB; 3 KHz: 0.50 and 7.10 dB; 4 KHz: 1.00 and 4.30 dB, and 5 KHz: −0.70 and 4.50 dB (Figure 6). 
There was decrease when comparing signal/noise values before and after treatment intra-
groups (p < 0.05) in four analyzed frequencies (2 and 5 KHz), while the analysis between 
groups was not statistically different.

Figure 5. Amplitude results before and after treatment.

Figure 6. Signal/noise results before and after treatment.
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4. Discussion

In this study, the treatment of sudden deafness and acute tinnitus with intratympanic cortico-
steroids after failure of oral therapy (rescue) was effective. The findings were consistent with 
the study in which the THI and VAS scores were significantly reduced after intratympanic 
steroids injections, and it was concluded that these scores were useful for assessing tinnitus 
patients, as well as it [15].

The intratympanic therapy is currently in use for ISSHL, Meniere’s disease, tinnitus associ-
ated with these disorders and idiopathic tinnitus [15]. In previous studies, positive results 
of intratympanic steroids injections were reported for chronic subjective tinnitus [2, 16, 17], 
but they did not use the control group. Statistic significant difference between saline and 
dexamethasone solution when a control group was used regarding tinnitus improvement 
measured with visual analog scale (VAS).

A systematic review was conducted to determine the efficacy of intratympanic steroids treat-
ment. It emphasized that this treatment should be considered as an adjuvant one in sudden 
deafness [18] consistent with the findings of this study.

The analysis of the characteristics of sudden deafness in 105 patients pointed out that there 
are individual differences in clinical characteristics between patients with tinnitus and ISSHL 
hindering a single treatment line [19]. We emphasize that both groups of this study were 
homogeneous, showing no statistical difference in age, sex, and affected ear.

By examining variables such as gender, age, and laterality in relation to changes in the level 
of tinnitus after the start of ISSHL, our results corroborate previous studies in which patients 
requiring rescue therapy were those in which oral therapy had not been sufficient to improve 
the hearing thresholds. Some patients improved hearing thresholds but remained with resid-
ual tinnitus [20].

Overall good results were reported in 77% of patients with tinnitus and various diseases 
immediately after the intratympanic dexamethasone treatment [21] and found that the best 
results of intratympanic therapy for tinnitus are obtained in patients with a shorter duration 
of tinnitus, especially when treatment was initiated within 3 months of symptom onset [17]. 
The effectiveness of intratympanic injection of prednisolone or dexamethasone to treat subjec-
tive tinnitus was reported to be 48.6 and 37.5%, respectively [22].

Similar results were found by other researchers that recommended intratympanic therapy as a 
possible option in the treatment of tinnitus to a certain group of patients [3, 23]. No difference 
in results was observed in patients between 3 and 6 months after treatment [23].

The shorter the period from onset of sudden deafness to the start of intratympanic treatment 
with dexamethasone, the greater the improvement in tinnitus that could be expected after 
treatment [24]. There is no significant difference after 3 months [6].

In this study, we chose to use intratympanic corticosteroid as rescue after failure of oral corti-
costeroids. We found that this association was particularly effective in relation to tinnitus. In 
Group 2, VAS and THI showed a significant reduction of tinnitus annoyance after intratympanic 
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steroids therapy. Probably, these results are due to the fact that the rescue treatment was initi-
ated immediately after the oral treatment did not show the desired results.

It is significant the correlation between the degree of hearing recovery and subjective improve-
ment of tinnitus after treatment. It was suggested that the hearing improvement may be a 
prognostic factor for tinnitus improvement, but the presence of tinnitus was not a prognostic 
factor for the recovery of hearing [25]. These findings are similar to those of the present study.

In this study, Group 2 had increase in the amplitude of DPOAE in all frequencies. There are 
studies in the literature that demonstrate a prognostic role for OAEs in the ISSHL [21, 26]. 
Other studies do not agree with this [27, 28].

The DPOAE is detectable in three of five patients whose hearing had significantly improved. 
It is suggested that the presence of DPOAE can be a useful prognostic factor that positively 
correlates with the recovery of the SHL [29].

It is reported a significant increase in the amplitude of DPOAE among patients who regained 
their hearing and also found significant correlations between improvement in DPOAE and 
improved hearing. It was stated that the presence of DPOAE predicted improvement in hear-
ing [28, 30]. Our study is in agreement with these previous studies.

The detection of OAE during the first 15 days after starting treatment, even with no improve-
ment in hearing, would suggest the high sensitivity of this test to detect improvement changes 
in the activity of outer hair cells [31].

The sudden deafness factors that predict a favorable prognosis are still controversial. Clinical 
recovery was estimated by the difference between the audiometric results on admission and 
the audiometric results 10 days later. Only two factors were significantly associated with 
improved hearing: tinnitus (p < 0.04) and the configuration of ascending audiometric curve at 
admission (p < 0.045) [32]. In this study, most subjects had flat audiometric curve.

Tinnitus was cured in 43 of 114 patients (37.7%) within 3 months. In our study, THI was sig-
nificantly reduced after intratympanic dexamethasone, and this cure rate was significantly 
higher in patients with symptoms lasting 2 weeks or less. The authors concluded that the 
duration of symptoms affected the intratympanic dexamethasone cure rate for acute subjec-
tive tinnitus [33].

The feeling of ear fullness and tinnitus in ISSHL was compared in one study that found they 
were primarily associated with poorer hearing thresholds at high frequencies. They con-
cluded that tinnitus is probably originated in the region where the hair cells are damaged 
[34]. Steroid intratympanic therapy for acute tinnitus was found effective. SSHL patients were 
excluded from that study. Our study is about ISSNHL patients with tinnitus that is necessar-
ily acute.

Steroids were likewise effective for these patients. Probably, the short time from onset of tin-
nitus is the determinant factor to predict the effectiveness of steroids therapy.

Our study has some limitations that should be pointed out: we did not have a control group, 
as this group would be composed of patients who failed on oral therapy and were not treated 
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with rescue therapy, which would not be correct from the point of view ethics and the num-
ber of patients is small in preliminary studies. Therefore, to confirm our results, we should 
consider a larger number of patients in future studies.

5. Conclusions

Our results as well as other studies seem to point out to the effectiveness of steroids for the 
treatment of acute tinnitus. Both oral and intratympanic steroids were effective in our study. 
Intratympanic steroids improved tinnitus further in patients that did not respond well to oral 
steroids. The higher concentration of steroids in inner ear fluids after intratympanic injection 
probably explains this result.

Why steroids are effective to treat acute tinnitus and not to treat chronic tinnitus? We believe 
tinnitus start in the cochlea almost always. Later the cochlea lesion causes changes in cen-
tral pathways that in some patients make the symptom permanent and extremely annoy-
ing‐severe disabling tinnitus (SDT) [2]. If tinnitus is treated before it sets foot in the central 
pathways (acute tinnitus), steroid therapy is effective.
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Abstract

Méniére disease (MD) is characterized by vertigo attacks, hearing loss, tinnitus, and aural 
fullness. Although the exact treatment of MD is lacking, several treatment options includ-
ing conservative, medical, and surgical aim to control symptoms. Recently, an increas-
ingly used treatment method called intratympanic steroid (ITS) treatment is applied to 
patients suffering from MD. In which step the ITS takes part for MD treatment protocol 
is not certain. But common wisdom is that ITS can be used in patients with intractable 
MD to conservative and medical treatment before applying intratympanic gentamicin 
and surgical treatments.

Keywords: Méniére Disease, Steroid Treatment, Vertigo

1. Introduction

Méniére disease (MD) is characterized by vertigo attacks, hearing loss, tinnitus, and aural 
fullness. Several treatment options include conservative, medical, and surgical aims to con-
trol symptoms. Recently, an increasingly used treatment method called intratympanic steroid 
(ITS) treatment is applied to patients suffering from MD. In this chapter, we mention this 
alternative treatment option.

2. Pathophysiology

After Mc Cabe’s report on auto‐immune depended on sensorineural hearing loss in 1979, 
immunological mechanisms about inner ear pathologies started to be investigated [1]. Many 
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studies showed that MD is an immune system‐related disease. Autoantibody for the Raf‐1 
protein in the membranous labyrinth is found in patients with MD [2]. Elevated IgG immune 
complexes, auto‐immune response to type II collagen, and focal inflammation with intraepi-
thelial invasion caused by mononuclear cells are shown in endolymphatic sac. This phenom-
enon is also called “endolymphatic sacitis” [3, 4].

Rarey and Curtis found glycocorticoid receptors on the cochlea and vestibule (especially on 
the spiral ligament) [5]. Lohuis also showed cell atrophy on stria vascularis after adrenal ste-
roid defects [6]. Glycocorticoid receptors are also found in the lateral wall of cochlea, organ of 
Corti, modiolus, vestibule, and stria vascularis [7].

It is already shown that steroids regulate inner ear fluid balance with potassium transport 
channels by mineralocorticoid receptor genes and aquaporin regulation [8, 9]. Cochlear blood 
flow is also positively affected by topical steroid application [10, 11].

According to these information and steroids’ anti‐inflammatory/immunosuppressive effects, 
we can say that ITS treatment is helpful for MD control.

3. Intratympanic steroid injection protocol

Procedure is done under operation microscope. Head is turned 45° to the opposite side. 
EMLA® 5% cream (lidocaine Hcl + prilocaine) or 88% phenol can be used for local anesthe-
sia. Twenty‐two or 25 gauge spinal needle can be used for injection. Myringotomy is made 
anterosuperior part of tympanic membrane to fill middle ear as long as possible. After inter-
vention, the patient has to wait for 30–40 min as the head is turned 45° to the opposite side. 
During this time, the patient is requested not to speak and not to swallow as much as possible 
[12, 13].

4. Application features (steroid types, daily usage time, dosage, and time 
duration)

Despite many studies, there is no consensus for ITS application [14]. Three different types 
of steroids are used for ITS: hydrocortisone (short‐acting), methylprednisolone (intermedi-
ate‐acting), and dexamethasone (long‐acting). Methylprednisolone and dexamethasone are 
generally preferred types in studies (Table 1). In some studies, it is claimed that methylpred-
nisolone reaches inner ear tissues and fluids in shorter time (2 h), and maximum concen-
tration continues by 6 h [4, 15]. However, other studies have claimed that dexamethasone 
reaches inner ear tissues and fluids in shorter time than methylprednisolone [15, 16].

Three different application ways are used for ITS: injection, ventilation tube, and perfu-
sion with catheter. Daily intervention is recommended regardless of application ways. 
Methylprednisolone stays for 6 h at maximal concentration in blood and descends as basal level 
at 24 h. Dexamethasone also descends as basal level at 6 h. We recommend using a ventilation 
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tube or catheter application for daily intervention that provides less patient pain and prevents 
time lost for both doctor and patient [15, 17].

Both the dosing of the steroid types and the daily usage protocols are also different in the stud-
ies. Dexamethasone (4 mg/ml) is used for three times at 3 days interval in two studies [14, 18]. 
In another study, 17.5 mg dexamethasone in 0.3–0.8 ml was applied each day for 5 days [12]. 
Ventilation tube application was made toward posteroinferior cadrane to 20 patients with MD 
in another study. In that study, 1 mg/cc dexamethasone was distilled to 0.20 mg/cc with water. 
Five drops were applied to 20 patients in each day for 3 months (Table 1) [19]. Barr et al. admin-
istered 4 mg/cc dexamethasone for 4 weeks [13]. Hamid et al. applied 24 mg/cc dexamethasone 
(Table 1) [20]. Nathalie Gabra et al. used methylprednisolone (62.5 mg/ml) each week for 3 
weeks (Table 1) [3]. The reason for not performing daily intervention in these studies is the dif-
ficulty of injection application way [14]. All studies mentioned earlier show that vertigo control 
rates get higher when drug concentration increases.

5. Advantages

Steroids are permeable to round window and across blood‐labyrinthine barrier [13] so drug 
concentration in inner ear fluids (both perilymph and endolymph) is higher with ITS applica-
tion than systemic administration [3, 13]. ITS application also prevents steroid side effects.

6. Disadvantages and side effects

Tympanic membrane perforation may occur after ITS. Its incidence seems low and changes 
between 0 and 5.1%. If the tympanic membrane perforation develops after ITS, it may recover 
or be permanent [12, 14, 18, 21]. To reduce the likelihood of development perforation, it needs 
attention to not penetrate tympanic membrane from thinned areas.

Types of ITS in MD Hydrocortisone Methylprednisolone* Dexamethasone*

Efficiency period Short‐acting Intermediate‐acting Long‐acting

Dosage 62.5 mg/ml, 3 weeks [3] 4 mg/ml, three times with 3 days interval 
[14, 18]

17.5 mg, 0.3–0.8 ml applied each day for 5 
days [12]

4 mg/cc, 4 weeks [13]

24 mg/cc [20]

0.20 mg/cc, five drops in each day for 3 
months [19]

*Preferred steroid types in studies, ITS: intratympanic steroid, MD: Méniére disease.

Table 1. Types, efficiency period, and dosage of ITS using in MD.
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Pain and burn sensation in the ear and pharynx are other problems. These resolve approxi-
mately 0.5–1 h later. Mild dizziness and transient vertigo may be seen due to inner ear content 
concentration change [4, 13, 18].

7. Treatment effects

Patients with MD suffer from vertigo attacks, hearing loss, tinnitus, and aural fullness. Life is 
also unbearable during MD attacks. We mention each symptom recovering rate by ITS treat-
ment in subsequent text (Table 2).

Vertigo Hearing loss Tinnitus Aural fullness Quality of life

Albu et al. [14] 46% class A
21.2% class B
24.2% class C/D
3% class E

PTA:
Pretreatment 57.4 
± 14.7
After 1 year 55.8 
± 15.5

THI:
Pretreatment 28.6 
± 14.3
Posttreatment 
23.5 ± 12.4

– DHI:
Pretreatment 
53.2 ± 13.4
Posttreatment 
40.7 ± 16.5

Casani et al. [18] 42.9% class A
17.9% class B
32.2% class C/D
7% class E/F

PTA:
Pretreatment 66.6 
± 16.4
After 1 month 67.5 
± 17.7
After 1 year 67.1 
± 17.6
After 2 years 65.0 
± 18.7

– – –

Gabra and 
Saliba [3]

Number of attack
Before therapy:
5.3 ± 6.41
After 0–6 months: 
therapy
1.4 ± 1.87
After 6–12 months: 
therapy
1.4 ± 1.87

PTA:
Pretreatment
41.89 ± 14.92
After 1 yeary
49.51 ± 17.9

Decreased to:
78% at 0–6 
months therapy
68% at 6–12 
months therapy

Pretreatment: 
95.2%
Posttreatment: 
65%

–

Paragache et al. 
[19]

85% class A
10% class C/D
5% class E/F

PTA:15% improved
10% dropped
SDS:15% improved
85% same

10% recovery
60% improved

15% Disappeared
65% Improved

–

Ren et al. [12] 48.8% class A
20.9% class B
9.3% class C/D
20.9% class E

– Disappeared 
11.6%
Decreased 48.8%
Same 23.3%
Improved 16.3%

16.7%: 
Disappeared
45.8%: Alleviated
35.7%: Intensive

–

Barr et al. [13] At 3rd month of 
therapy:
52% class A
At 6th month of 
therapy:
43% class A

At 6th month of 
therapy:
An average loss of 
2.7 dB

– – –
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7.1. Vertigo

Vertigo control is generally reported according to the 1995 AAO‐HNS guidelines or Sakata’s 
criteria in the studies about ITS treatment.

Albu et al. investigated 66 patients with definite unilateral MD. Thirty‐three of them received 
IT dexamethasone. Fourteen patients (46.6%) were free from vertigo attack (class A), seven 
patients (21.2%) had substantial control (class B), and eight patients (24.2%) had limited con-
trol (classes C and D) at 1‐year follow‐up. Vertigo control couldn’t be obtained in one patient 
(class E). Failures were planned for intratympanic gentamicin (ITG), which did not benefit 
enough from the ITC [14].

In Casani et al.’s study, 12 patients (42.9%) had full vertigo control (class A), 5 patients (17.9%) 
had substantial control (class B), 9 patients (32.2%) had limited control (class C or D) despite 
1 or 2 additional intratympanic dexamethasone (ITD). Two patients (7%) couldn’t get vertigo 
control (class E or F) and were scheduled for ITG therapy [18].

In a study, Gabra and Saliba had evaluated the effect of intratympanic methylprednisolone 
and gentamicin injection on MD. In this study, the number of patient’s vertigo attacks per 
month before ITS (for methylprednisolone) was 5.3 ± 6.41 (n = 42). In 0–6 months after the ITS, 
the number of attacks decreased to 2.3 ± 3.20 (n = 41). Finally, 6–12 months after ITS, attack 
frequency was 1.4 ± 1.87 (n = 27). In the first period after treatment, 41.5% of the patients 
achieved complete control of vertigo. In the second period after treatment, 48.1% of the 
patients achieved complete control of vertigo (P = 0.004). There was a statistically significant 
decrease in the number of vertigo attacks in the first period (P = 0.025) and no difference 
between the 0‐ to 6‐month and 6‐ to 12‐month periods after ITS (P = 0.95) [3].

Paragache et al. reported 85% (17 of 20 patients) control of vertigo with intratympanic dexa-
methasone therapy. Two patients (10%) had only limited control. One patient (5%) had wors-
ening of vertigo during treatment [19].

Boleas‐Aguirre et al. reported 91% “acceptable” vertigo control using 12 mg/ml dexameth-
asone. Most of the patients (63%) needed more than one series of treatment for achieving 
remission of MD [21].

Vertigo Hearing loss Tinnitus Aural fullness Quality of life

Garduño‐Anaya 
et al. [22]

82% class A
18% class B

PTA: Pretreatment 
55.7
After 2 years 53.4
SDS: Pretreatment 
68.5%
After 2 years 66.7%

THI: 61 
pretreatment
22.3 at 2 years 
therapy
GTS: 3.2 
pretreatment
1.6 at 2 years 
therapy

48% subjective 
improvement

DHI:
Pretreatment 
68.7
Posttreatment 
8.3

ITS: Intratympanic steroid, MD: Méniére disease, PTA: Pure tone average, SDS: Speech discrimination score, THI: 
Tinnitus Handicap Inventory, GTS: Grading of Tinnitus Severity, DHI: Dizziness Handicap Inventory.

Table 2. Symptom relief success of ITS on MD.
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Ren et al. reported complete control of vertigo in 21 of 43 patients (48.8%), substantial control 
in 9 patents (20.9%), limited control in 4 patients (9.3%), and no exact response in 9 patients 
(20.9%) with intratympanic dexamethasone injections for refractory MD after 18 months fol-
low‐up [12].

In a retrospective analysis of 17 intractable MD patients treated with ITD, short‐term (after 6 
months) and long‐term (after 24 months) vertigo control rates were 94 and 81% [4].

Barrs’s et al. reported that 21 patients with intractable MD underwent intratympanic 
injections of 4 mg/ml dexamethasone over a period of 4 weeks as an office procedure. 
Eleven (52%) of 21 patients were free for vertigo attack at the 3rd month of treatment. 
However, vertigo attacks relapsed in two patients and success rate decreased to 43% at 
the 6th month. At 1‐year follow‐up, six of remaining nine patients had no vertigo attack. 
Recurrent injections applied to five patients who responded at the beginning but repeated 
vertigo attacks later. Vertigo was controlled in three of those five patients. One patient got 
only one additional injection but two patients got multiple injections for each month up 
to 6 months [13].

In another prospective, randomized, double‐blind study with a 2‐year follow‐up, the effect 
of five consecutive daily intratympanic injections of dexamethasone on 22 patients having 
definite MD was investigated. Complete control of vertigo (class A) was achieved in 9 of 
11 patients (82%) and substantial control of vertigo (class B) in the remaining 2 patients 
(18%) [22].

In a retrospective study including 129 patients diagnosed with unilateral MD still having 
vertigo despite medical therapy, patient’s satisfaction with vertigo attack control using ITD 
(12 mg/ml) was assessed. Vertigo control was obtained in 117 (91%) of 129 patients. One injec-
tion was enough for 48 patients (37%), two injections were needed for 26 patients (20%), three 
injections for 18 patients (14%), and four injections for 10 patients (8%). More than four injec-
tions were needed for 15 patients (21%). Ninety‐six patients were followed for 2 years. Vertigo 
control was obtained in 87 (91%) patients with ITD. After 2 years, additional injection wasn’t 
needed in 61 patients but repeated injections were required in 23 patients. Three patients 
requested ITG treatment because of repeated ITD injections [21].

Different vertigo control rates were given in studies mentioned earlier. This may be related to 
steroid type, concentration, time duration, and frequency of therapy. Also keep in mind that 
each drug has different personal effect.

7.2. Hearing loss

Sensorineural hearing loss is another symptom of MD. It may be transient or permanent. The 
success of any treatment about MD on hearing improvement is a change of 10 dB or more in 
pure tone average (PTA) or a change of 15% in speech discrimination score (SDS) according to 
1995 AAO‐HNS guidelines [3, 14, 18].

Paragache et al. observed hearing improvement in only three patients (15%) with two 
patients (10%) having a 20‐dB improvement in threshold and one patient (5%) having a 10‐dB 
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improvement in threshold. In 10% of patients, the hearing level was observed to decrease. The 
speech discrimination score improved in three patients (15%). For the rest, the SDS remained 
the same with the intratympanic dexamethasone applications [19].

Albu et al. found the mean pretreatment PTA as 57.4 (standard deviation (SD), 14.7) with 
the intratympanic dexamethasone injection. After 12 months of therapy, the PTA values 
were 55.8 (SD, 15.5). Hearing was unchanged in 14 patients, improved in 4 patients and 
worsened in 12 patients. With reference to hearing outcomes, they had demonstrated that 
hearing conservation was only able to be maintained in patients reporting vertigo, which 
was well controlled. As previously stated [18], hearing loss is associated with the evolution 
of MD [14, 23].

Casani et al. found the mean pretreatment PTA as 66.6 (SD, 16.4). After 1 month with ITD 
injection, the PTA values changed on average to 67.5 (SD, 17.7). The mean PTA was 67.1 
(SD, 17.6) at 1 year and 65.0 (SD, 18.7) at 2‐year follow‐up with the intratympanic ITD 
injection. No significant variations of SDS were observed during each follow‐up period 
(P > 0.05) [18]. Hearing improved in 3 patients (10.7%) and did not worsen in 13 patients 
(46.4%). Vertigo was detected as class A and class B in those 16 patients. Hearing deterio-
ration on PTA was more than 10 dB in remaining 10 patients who couldn’t obtain vertigo 
control [18]. It pays attention that a correlation was found between hearing deterioration 
and vertigo attack persistence.

Gabra et al. found the mean PTA as 41.89 ± 14.92 dB before intratympanic methylpredniso-
lone injection (ITM). There was a slight increase in PTA at 6 months. This was followed by an 
increase in PTA at 12 months after ITM, the mean PTA was 49.51 ± 17.9 dB. There was no sta-
tistically significant difference in the evolution from before to after treatment (P = 0.456 for the 
0‐ to 6‐month period and P = 0.06 for the 6‐ to 12‐month period) [3]. In the first 0–6 months, the 
SDS decreased and remained stable in the second period. There was no statistically significant 
difference in the evolution of SDS after ITM [3].

Another retrospective analysis was conducted on 17 MD patients treated with ITM. Sixteen 
patients were followed up for more than 2 years. The PTA was 53 ± 14 dB before treatment, 
and 50 ± 16 dB at 6 months and 52 ± 20 dB at 24 months after ITM. Thus, a significant improve-
ment in PTA after 6 months had returned to the pretreatment baseline after 2 years and there 
were no significant differences in clinical stage, based on hearing changes at the 6‐ and 24‐
month follow‐up [4].

Garduño‐Anaya et al. found the mean initial PTA as 55.7 dB and after receiving the ITD the 
mean PTA was 53.4 dB at 2‐year follow‐up. Only one patient’s hearing (9%) improvement, 
10 dB or more according to the 1995 AAO‐HNS criteria, was considered to be clinically 
significant. One of 11 patients was demonstrated to have hearing deterioration of 10 dB  
at 2‐year follow‐up [22]. The mean SDS was 68.5% at the beginning of treatment and 66.7% 
after 2 years of ITD. According to 1995 AAO‐HNS criteria, 15% or higher improvement on 
SDS was provided in two patients (18%). Only one (9%) of 11 patients got 15% or higher 
deterioration at 2 years follow‐up. They reported a subjective improvement of 35% in hear-
ing loss [22].
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Kaplan et al. investigated 30 patients (20 women and 10 men, aged 28–85 years) with MD 
who underwent intratympanic dexamethasone perfusion. Six patients obtained 10 dB or 
higher improvement at PTA and six patients obtained 15% or higher improvement at SDS at 
short‐term period (4 weeks after perfusion). Those patient numbers decreased to 5 and 2 at 12 
months later, respectively [23].

Arriaga and Goldman demonstrated that only 33% of patients had hearing improvement, and 
20% of patients had hearing deterioration after ITD with hyaluronan. However, Hillman et al. 
[24] reported 40% of patients who had hearing improvement after ITD [21].

7.3. Tinnitus

In Paragache et al.’s study, 2 patients (of 20, 10%) showed complete relief from tinnitus and 
tinnitus improved in 12 patients (60%) [19]. In Gabra et al.’s study, all patients suffered from 
tinnitus before ITM injections. Tinnitus rate decreased to 78% for 0–6 month period and 
68% for 6–12 months period [3]. Tinnitus symptom disappeared in 5 (11.6%) of 43 patients, 
decreased in 21 (48.8%) patients, didn’t change in 10 (23.3%) patients, and increased in 7 
(16.3%) patients after ITD in Ren et al.’s study [12].

In a retrospective analysis of 17 intractable MD patients treated with ITM perfusion, 16 
patients were followed up for more than 2 years. Tinnitus was controlled in three patients and 
improved in two patients at the 24‐month follow‐up, and patient without tinnitus worsened 
over this interval [4].

Another study measured tinnitus severity with “Tinnitus Handicap Inventory” score and the 
“Grading of Tinnitus Severity.” Eleven patients with unilateral MD were treated with ITD. 
The initial mean handicap score was 61 and after receiving ITD was 22.3 at 2 years of follow‐
up. At 2 years of follow‐up, a handicap score of 0 was found in 4 of 11 patients (36%) [22]. 
The initial “Grading of Tinnitus Severity” score was 3.2 and after receiving ITD injection was 
1.6 at 2 years of follow‐up. Grade 1 of the Grading of Tinnitus Severity (THI 0–16) at 2‐year 
follow‐up was achieved by 8 of 11 patients (72%). At 2‐year follow‐up, 1 of 11 patients (9%) in 
the dexamethasone group reported improvement of 100% and 1 other patient (9%) reported 
90% improvement. Five of 11 patients (45%) reported 0% improvement. The mean subjective 
improvement at 2‐year follow up was 48.1% [22].

7.4. Aural fullness

Garduno‐Anaya et al. pointed out a 48% subjective improvement in aural fullness with ITD 
[21]. In Ren et al.’s study, aural fullness was complained in 24 of 43 patients. It was disap-
peared in 4 of 24 patients (16.7%), alleviated in 11 patients (45.8%), and even intensive in 9 
patients (37.5%) after ITD injection [12].

Another study included 20 patients with MD; aural fullness was completely resolved in 3 
patients (15%) and showed some improvement in 13 patients (65%) after ITD application from 
ventilation tube by the end of 6 months [19]. In other study including 42 patients treated with 
ITM, 95.2% had aural fullness before ITM and 65% after ITM by the end of 1‐year period [3].
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7.5. Live functional activity/quality of life

She et al. found improvement in 94% at 6 months and 87% at 24 months on functional activity 
after ITM perfusion [4].

In Garduño‐Anaya et al.’s study, the initial mean “Dizziness Handicap Inventory” score was 
68.7. After receiving ITD, the score was 8.3 at 2 years of follow‐up [22].

In Kyrodimos et al.’s study, 30 patients (20 women and 10 men, aged 28–85 years) with MD 
underwent intratympanic 24 mg/ml of dexamethasone perfusion, and were assessed with the 
assistance of the Glasgow Benefit Inventory (GBI) questionnaire. Follow‐up ranged from 12 to 
48 months (mean 30 months) with regard to the GBI responses, nine patients (50%) expressed 
an overall benefit, while six (33%) expressed no benefit and three patients (17%) complained 
of negative effect after the intervention [25].

Albu et al. investigated 30 patients with intractable unilateral MD. Before therapy, Dizziness 
Handicap Inventory (DHI) was 53.2 ± 13.4 and after 12 months follow‐up, it was 40.7 ± 16.5. 
Tinnitus Handicap Inventory (THI) was 28.6 ± 14.3 before therapy and 23.5 ± 12.4 after 
therapy. Both DHI and THI scores were statistically significant with pre‐ and posttreatment 
comparison (P < 0.001). At 12 months follow‐up, level 1 of Functional Level Score (FLS) was 
attained in 14 (46.7%) patients and level 2 in 9 (30%) patients [14].

8. Comparison with other treatment methods

Although the exact treatment for MD is still not discovered, several treatment options are 
available. Caffeine, alcohol, theine and salt (CATS) restriction, diuretics, vasodilators, betahis-
tine, intratympanic injection of gentamicin or corticosteroids, and surgery are most accepted 
treatment strategies [26].

The initial treatment for MD is diet restriction and oral/parenteral medications. Resistance to 
this therapy, minimal invasive procedures like intratympanic injections are attempted. The 
last chance to control symptoms is surgery despite complications (Figure 1) [13]. In this sec-
tion, we compare ITS with other treatment options.

First of all, it must be searched whether ITS has a placebo effect or not. Hu et al. disputed the 
importance of placebo treatment in MD patients [27]. A double‐blind randomized crossover 
trial using ITD (8 mg/ml) showed no benefit over placebo [28].

Hirvonen et al. also used intratympanic and systemic dexamethasone in 17 patients with MD. 
They claimed that symptoms of aural fullness, hearing loss, tinnitus, and vertigo did not 
improve significantly and the clinical use of dexamethasone in MD needs further investiga-
tion [16].

On the contrary, another randomized placebo controlled trial showed complete control of 
vertigo attacks in 82% of patients treated with ITD compared with 57% of those receiving 
placebo [22].
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Several studies also compare the efficacy of conventional medical treatment and ITS. In 
Paragache et al.’s study, study group was constituted from 20 patients who was applied ITS 
and control group was also constituted from 20 patients. Control group patients’ diet was free 
from salt, caffeine, nicotine, and alcohol. Medical management was formed from cinnarizine 
25 mg tablets TDS for acute episodes and betahistine hydrochloride 16 mg tablets TDS for 
continuous treatment. All patients were followed up for 6 months, and results were assessed 
at 1st, 2nd, 3rd, and 6th months. Vertigo control was 85% at study group and 80% at control 
group. Hearing loss recovered in three (15%) patients in study group and two (10%) patients 
in control group. An improvement on SDS was obtained in three (15%) patients in study group 
and two (10%) patients in control group. Other patients’ SDS values were the same. Tinnitus 
disappeared in two patients in study group and three patients in control group. Tinnitus 
severity decreased in 12 patients in study group and 10 patients in control group. Aural full-
ness disappeared in three patients in study group and five patients in control group. Aural 
fullness severity decreased in 13 patients in study group and 11 patients in control group. 
They found that both modalities of therapy have almost equal efficacy on MD symptoms, and 
ITS therapy has an edge over conventional therapy in cases with severe attacks and shorter 
duration of symptoms [19].

Albu et al. compared the efficacy of ITD and high‐dosage betahistine 144 mg/day (48 mg 
tid). Sixty‐six patients with definite unilateral MD were randomly divided in two groups, 

Figure 1. The initial treatment for MD.
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each comprising 33 patients: Group A received a combination of ITD and identical appear-
ing placebo pills, while Group B received a combination of high‐dosage betahistine and IT 
saline. Fifty‐nine patients completed the study and were available at 12 months for analy-
sis, while seven patients (three in Group A and four in Group B) were excluded because 
of insufficient compliance. The mean number of vertigo attacks per month was recorded 
at baseline, at 1, 3, and then every 3 months for up to 1 year. Vertigo control was complete 
(class A) in 14 (46.6%) patients, partial (class B) in 7 (21.2%) patients, and limited (class C or 
D) in 8 (24.2%) patients in Group A. Vertigo couldn’t be controlled in one (3%) patient (class 
E) in Group A. Vertigo control was complete (class A) in 12 (36.4%) patients, partial (class B) 
in 5 (15.2%) patients, and limited (class C or D) in 10 (30.4%) patients in Group B. Vertigo 
couldn’t be controlled in two (6.1%) patients (class E) in Group B. Patients whose vertigo 
attacks couldn’t be controlled in both groups were scheduled for ITG therapy. Vertigo con-
trol rate wasn’t statistically different between two groups. But vertigo attack frequency was 
8.6 in Group A and 7.9 in Group B before treatment. It was 1.8 in Group A and 4.3 in Group 
B after 1 month of treatment. It became 1.5 for Group A and 2.4 for Group B after 3 months 
of therapy.

According to those results while ITD has a rapid effect to prevent vertigo attack, betahistine 
and ITD have similar effect on vertigo attack at the end of 3rd month. [14]. Regarding qual-
ity of life, while FLS was found level 1 in 14 patients and level 2 in 9 patients in group A, it 
was found level 1 in 10 patients and level 2 in 9 patients in group B. There was no statistical 
significance about FLS for both groups [14]. The mean PTA was 57.4 ± 14.7 dB in Group A 
and 58.2 ± 13.9 dB in Group B before treatment. It became 55.8 ± 15.5 dB for Group A and 
56.1 ± 12.5 dB for Group B after 1‐year treatment. There was no statistical significance on 
hearing level and SDS for both groups. A significant reduction in tinnitus assessed by THI at 
the end of the follow‐up was reported in both treatment groups. The difference among the 
two groups was not significant [14]. They demonstrated that ITD has an immediate effect 
while higher dosage of betahistine (144 mg/day) is able to get the same outcome only after 
3 months of treatment [14].

Intratympanic gentamicin is a traditional treatment for resistant MD. Despite effective vertigo 
attack control, ototoxicity is a feared complication. Low‐dose ITG protocol was used to over-
come this complication in some studies [29–31].

Casani et al. compared the effectiveness of ITG and ITD in a study. In this study, patients were 
randomized and divided into two groups: 32 patients were treated with ITG and 28 patients 
were treated with ITD. All measurements were obtained immediately before the treatment 
and were repeated after 1 month, 1 year, and 2 years following the procedure. Vertigo control 
was complete (class A) in 26 (81.3%) patients, partial (class B) in four (12.5%) patients, and 
limited (class D) in one (3.2%) patient in ITG group. Vertigo control couldn’t be obtained 
in one patient and vestibular neurectomy was recommended. Vertigo control was complete 
(class A) in 12 (42.9%) patients, partial (class B) in 5 (17.9%) patients, limited (class C or D) 
in 9 (32.1%) patients in ITD group. Vertigo control couldn’t be obtained in two patients and 
they were scheduled for gentamicin treatment. There was no statistical significance for vertigo 
control in both groups (P < 0.001) [18]. Level 1 FLS was obtained in 13 (40.6%) patients in ITG 
group and 11 (39.3%) patients in ITD group at 1‐year follow‐up. But level 1 FLS was obtained 
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in 22 (71%) patients in ITG group and in 12 (46.1%) patients in ITD group at 2‐year follow‐up. 
Although there was no statistical significance at 1‐year follow‐up, significance was found at 
2‐year follow‐up (P < 0.05) [18]. The mean PTA was 58.7 ± 13.3 dB in ITG group and 56.5 ± 13.4 
dB in ITD group before treatment. It was 61.3 ± 14.6 and 53.7 ± 15.6 dB in ITG and ITD groups, 
respectively, after 1 month treatment. At first year, it became 62.3 ± 15.3 and 54.6 ± 16 dB, at 
second year 64.5 ± 15.5 and 56 ± 17.3 dB for both groups, respectively. There was statistical 
significance on PTA for both groups (P > 0.05) [18]. SDS was found to be 67 ± 19 before treat-
ment, 63.1 ± 20 after 1 month treatment, 61.1 ± 21.1 after 1 year treatment, and 60.3 ± 22.6 after 
2 year treatment for ITG group. It was found to be 66.6 ± 16.4 before treatment, 67.5 ± 17.7 after 
1 month treatment, 67.1 ± 17.6 after 1 year treatment, and 65.0 ± 18.7 after 2 year treatment 
for ITD group. The only one value for SDS that reached statistical significance was the differ-
ence between pretreatment and after 1 month treatment in ITG group (P < 0.05). In the ITD 
group, no significant variations of SDS were observed during each follow‐up (P > 0.05) [18]. 
According to 1995 AAO‐HNS criteria, hearing got worse in four (12.9%) patients, not changed 
in 27 (84.4%) patients, and improved in one (3.1%) patient in ITG group after 2‐year treat-
ment. Hearing became worse in 12 (42.9%) patients, not changed in 13 (46.4%) patients, and 
improved in 3 (10.7%) patients in ITD group after 2‐year treatment. Vertigo control was classes 
A and B in 16 patients in ITD group whose hearing didn’t get worse [18]. Total or partial 
vertigo attack control (class A or B) was over 90% for ITG group and 61% for ITD group after 
2‐year treatment. According to this study, low‐dose ITG therapy was more successful than 
ITD for vertigo attack control [18]. Regarding the hearing outcome, no statistically significant 
differences were verified between the two groups in terms of mean PTA and SDS values. On 
the whole, the mean PTA and SDS values were slightly better for the patients treated with 
ITD [18]. The authors claimed that low‐dose ITG was safe for hearing and efficient for vertigo 
attack on resistant MD cases [18].

Gabra et al. compared ITM and ITG treatments. There were 89 patients with MD, 47 of 
them treated with ITG and 42 of them treated with ITM. Two groups were compared for 
vertigo attack, tinnitus, aural fullness, PTA, and SDS at 0–6 months and 6–12 months. Both 
groups had similar vertigo attack number before treatment (P: 0.883). Complete vertigo 
control was obtained in 82.9% in ITG group and 48.1% in ITM group after 6–12 months of 
treatment (P: 0.004). Tinnitus and aural fullness control were higher in ITG group than in 
ITM group (P: 0.002). PTA and SDS values were better in ITM group at pretreatment period 
(P < 0.001). But those values became worse in ITM group at 6–12‐month control, and dif-
ference disappeared between groups (P > 0.05) [3]. According to that study, ITG was more 
effective than ITM to control MD symptoms [3].

Shea et al. suggested a combination of streptomycin and dexamethasone perfusion for MD. 
The hearing changes and quality‐of‐life outcomes of 393 cases of streptomycin/dexametha-
sone inner ear perfusion were searched retrospectively. All patients underwent one or more 
3‐day treatments consisting of daily intratympanic injections of a low‐dose streptomycin 
(10 mg/ml)/high‐dose dexamethasone (24 mg/ml) mixture plus 16 mg of intravenous dexa-
methasone. The end point for treatment was adequate control of vertigo. The mean PTA 
change was 0.89 ± 11 dB and the mean SDS change was 0.49 ± 17 after 3‐day treatment. 
Significant hearing loss was detected in 62 (15.7%) patients and hearing loss was severe 
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in 20 (5%) of those patients. Ninety percent of the patients had improved quality of life 
after treatment and 88% of the patients showed improvement in their “vertigo subscore,” a 
domain within the survey that focuses on vertigo control. According to their results, strep-
tomycin/dexamethasone inner ear perfusion is as safe as other aminoglycoside regimens 
in the hearing of patients with MD and provides good control of vertigo and a significant 
improvement in quality of life [32].

Sennaroglu et al. compared three methods to control MD symptoms: ITD, ITG, and decom-
pression of the endolymphatic sac (ESD). Dexamethasone was applied to 24 patients and 
gentamicin was applied to 16 patients by the ventilation tube way. Surgery of ESD was per-
formed in 25 patients. Vertigo control rates of ITD, ITG, and ESD were 72, 75, and 52%, respec-
tively. Total hearing lost was detected in two patients in ITG group. Hearing level decreased 
in 9 (38%) patients, improved in 4 (16%) patients, and didn’t change in 11 (46%) patients in 
ITD group. They suggested ITD for patients with the vertiginous symptoms still persisting 
after 6 months of medical treatment. If patients are resistant to this intervention, ITG could 
be planned for patients with profound sensorineural hearing loss and ESD could be recom-
mended for patients with normal hearing. Vestibular nerve section could be planned as a 
last chance to control vertigo attacks for patients with good hearing and labyrinthectomy for 
patients with profound sensorineural hearing loss [33].

Vestibular nervectomy could be planned as a last chance to control vertigo attacks for good 
hearing.

Quaranta et al. investigated 38 patients with intractable MD with a minimum of 7 years of fol-
low‐up. Twenty patients were treated with endolymphatic‐mastoid shunt (EMS) surgery and 
the remaining eighteen patients refused surgery (natural history, NH group). At the last con-
trol, 85% of the patients in EMS group and 74% of the NH patients had complete or substantial 
control of vertigo. The difference between the two groups was not significant. However, it was 
significant at 2 and 4 years of follow‐up. At 2 years, 65% of the EMS patients had complete or 
substantial control of vertigo and at 4–6 years in 85% of the cases. Only 32% of the NH patients 
had complete or substantial control of vertigo at 2 years. This percentage had increased to 50% 
in the fourth year and to 74% in the sixth year. Hearing results in the two groups were not 
significantly different. Tinnitus disappeared or decreased in 56% of the EMS patients and in 
18% of the NH patients. Sixty‐seven percent of the EMS patients and twenty‐nine percent of 
the NH patients reported that their aural fullness disappeared. Consequently, vertigo attack 
reduction was observed earlier in EMS patients than in those who refused surgery [34].

9. Conclusions

Although the fact that definitive treatment of MD has not been found yet, several treatment 
options are used to control the MD symptoms. Different success rates of symptom relief are 
given in literature for each option. However, common agreed decision is that ITS can be used 
in patients with intractable MD to conservative and medical treatment before intratympanic 
gentamicin and surgical treatments.
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