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Preface

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 hearing loss, tinnitus, atrial fullness, and concomitant dizziness
greatly aid the otorhinolaryngologist to diagnose carriers of the disease. But in
many patients, their presentation 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 and current and past
ideas about the etiopathogenesis, 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 have been tabulated in the estimates so far.

Some of the epidemiologically published studies to date have tended to blend 
different epidemiological 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, and 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
Otorhinolaryngology proposed a specific definition of the disease and guidelines
for the evaluation of Ménière’s disease 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 noted 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
this disease. Through histopathological studies, it is presumed that endolymphatic
hydrops is the most descriptive pathological characteristic of Ménière’s disease. 
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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 infections, 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 one of the manifestations of the syndrome. And the exact mechanism 
of the etiopathogenesis of the syndrome remains unknown. It is believed that 
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.

Fayez Bahmad Jr.
University of Brasilia,

Brasilia, DF, Brazil

Ophthalmology and Otolaryngology Faculty,
University of São Paulo,

São Paulo, SP, Brazil
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Chapter 1

Introductory Chapter: Ménière’s 
Disease (MD)
Fayez Bahmad Jr

1. Introduction

Ménière’s disease (MD) is probably a multifactorial disorder where the genetics 
and environmental factors determine the onset of the disease. This disease have 
been related to the accumulation of endolymph in the cochlear duct and the ves-
tibular organs in histopathological studies, although endolymphatic hydrops (EH) 
per se does not explain all clinical features, including the progression of hearing loss 
or the frequency of attacks of vertigo [1–4].

Dizziness and vertigo are frequent symptoms in the otolaryngologist’s practice, 
and all efforts towards the better comprehension of this system and its pathology 
are of fundamental importance [1, 2].

Currently, there is no universally accepted theory about the pathophysiology of 
the disease. Through histopathological studies, it is assumed that endolymphatic 
hydrops is the most descriptive pathological feature of Ménière’s disease. The patho-
physiology of symptoms is still widely disputed: membrane ruptures, increased 
pressure, and mechanical displacement of peripheral organs such as endolymph 
accumulation, viral infections, autoimmune disease, and several other theories that 
have been reported [1–3].

Great advances have been made in neuro-otology, and increasing knowledge 
in the field of molecular biology, genetics, and neurosciences has substantially 
modified the approach of the patient with balance complaints. This book studies 
the most interesting and controversial of these vestibular diseases, the Ménière’s 
disease.

The Classification Committee for the International Classification of Vestibular 
Disorders (ICVD) nominated by the Bárány Society, 2009, standardized the 
nomenclature of vestibular symptoms (SV) in four groups. One of the most impor-
tant is the episodic vestibular syndrome: crises of vestibular symptoms interspersed 
with asymptomatic periods, such as Ménière’s syndrome and vestibular migraine 
[1, 2–6].

Ménière’s disease is an inner ear alteration characterized by two groups of 
symptoms: vestibular and auditory symptoms. In many patients, their presentation 
may be unusual or different than the classical symptoms such as tinnitus, fluctuat-
ing hearing loss, aural fullness, and concomitant dizziness [1, 2].

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

1. cochlear Ménière’s disease—hearing is the predominant symptom; and

2. vestibular Ménière’s disease—vestibular symptoms are predominant.
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Other classifications used frequently are as follows:

1. Ménière’s syndrome: known and well-established condition causing symp-
toms; and

2. Ménière’s disease: idiopathic cause [1, 2].

Recent studies revealed that there are genotypic and phenotypic factors that 
influence the prevalence difference between countries [7].

In the majority of these patients, the initial presentation of the disease is often 
the cochlear form, which is harder to be clinically recognized and frequently is 
associated with another cause or is presumed to be simply due to aging.

Even after the vestibular component becomes obvious, long periods of remis-
sion 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.

A multifactorial inheritance is believed to be the best response, where the neces-
sary conditions are met, leading to endolymph malabsorption and subsequently 
hydrops. Clinical and laboratory evidence supports this concept. Merchant et al. 
analyzed the temporal bone collection of the Massachusetts Eye and Ear Infirmary, 
Harvard Medical School, Boston, USA, with a clinical diagnosis of Ménière’s 
syndrome (28 cases) or a histopathological diagnosis of hydrops (79 cases).

All 28 cases with classic symptoms of Ménière’s syndrome had hydrops in at least 
one ear. However, the reverse is not true. There were 9 cases of idiopathic hydrops 
and 10 cases with secondary hydrops, in which the patients did not have the clas-
sic symptoms of Ménière’s syndrome. Endolymph is mainly produced in the stria 
vascularis. Slowly, endolymph is absorbed into the endolymphatic duct and sac, a 
biologically active transport structure where absorption occurs mainly and also to 
a lesser extent secretion occurs. Evidence strongly suggests that longitudinal flow 
(slow process) and radial flow (fast) occur.

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 etiopathogenesis, diagnosis, and treatment of Ménière’s disease associ-
ated with migraine.

Some of the epidemiologically published studies to date have tended to blend 
different epidemiological concepts. The direction of these studies is mainly 
 retrospective (the themes are identified after a result or illness), and they actually 
measure only the 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 to real life than 
an artificial experiment, retrospective observational studies are susceptible to bias.

2. Diagnostic failures

There are many classifications and proposed diagnostic criteria, and it 
makes difficult to establish the true incidence of Ménière’s disease in the general 
population.

The 1995 and 2015 criteria simplified the definition of Ménière’s disease and 
allowed to be usable in all global studies and so may be able to substitute and unify 
all the classifications [1, 2].

5

Introductory Chapter: Ménière’s Disease (MD)
DOI: http://dx.doi.org/10.5772/intechopen.91924

3. Etiopathogeny

Almost all the researchers and histopathological works in the past presumed that 
endolymphatic hydrops was the pathological characteristic of Ménière’s disease. 
There are still many questions and polemic discussions about the pathophysiology 
of the symptoms: increased pressure and mechanical displacement of the peripheral 
organs such as saccule by endolymph accumulation, ruptures of membranes, viral 
infections, and autoimmune disease, in addition to several other theories that have 
already been reported.

Recent consensus accepted that endolymphatic hydrops is no longer a central 
etiology but rather as one of the manifestations of the syndrome.

4. Diagnostic

Classical Ménière’s disease is an excellent example of a condition that can be 
diagnosed on clinical grounds and simple audiometric examinations.

When it is the classic or definite form, it is characterized by recurrent and 
spontaneous episodes of vertigo, fluctuating sensorineural hearing loss,  tinnitus, 
and aural fullness. In this case the diagnosis is easy even for the most naive 
 clinician [1, 2].

In 2015, the Hearing and Balance Committee of the American Academy of 
Otorhinolaryngology-Head and Neck Surgery (AAO-HNS), Bárány Society, and 
other entities set the parameters for the clinical diagnosis of Ménière’s disease.

The classification includes two categories: defined Ménière’s disease and prob-
able Ménière’s disease [2].

Defined Ménière’s disease is based on clinical criteria and requires the observa-
tion of an episodic vertigo syndrome associated with low- to medium-frequency 
sensorineural hearing loss and fluctuating auditory symptoms (tinnitus in the ear 
and/or fullness) in the affected ear.

The duration of vertigo episodes is limited to a period of between 20 minutes 
and 12 hours. Probable Ménière’s disease is a broader concept defined by episodic 
vestibular symptoms (vertigo or dizziness) associated with fluctuating aural symp-
toms that occur over a period of 20 minutes to 24 hours [1, 2].

The clinical evaluation then includes the following [8, 9]:

• detailed medical history that should include all previous vertigo events;

• laboratory tests to rule out differential diagnoses of the syndrome;

• imaging tests to aid diagnosis and rule out differential diagnoses of the syn-
drome; and

• cochlear and vestibular, audiological, and electrophysiological examinations.

The most appropriate exams to aid in diagnosis consist of:

• glycerol dehydration test;

• electrocochleography (ECochG); and

• PEMV or VEMP test.
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5. Treatment

Different treatment options for Ménière’s disease exist with substantial vari-
ability between countries. None of the treatment options cure the disease. As many 
treatments have a significant impact on the functioning of surrounding structures, 
one should start with noninvasive approaches with the fewest possible side effects 
and proceed to more invasive steps:

• conservative;

• diet;

• diuretics;

• labyrinth suppressors;

• invasive procedures;

• intratympanic gentamicin;

• endolymphatic sac decompression surgery;

• labyrinthectomy; and

• vestibular neurectomy.

Sodium restriction diet: Low-level evidence suggests that restricting the sodium 
intake may help to prevent Ménière’s attacks.

Betahistine: Substantial disagreement in the medical community about the use 
of betahistine exists. A Cochrane review found low-level evidence to support the 
use of betahistine with substantial variability between studies. Medical therapy in 
many medical centers often starts with betahistine orally.

Intratympanic steroid injections may reduce the number of vertigo attacks in 
patients with Ménière’s disease.

Intratympanic gentamycin injections: Gentamycin has strong ablative properties 
towards vestibular cells. The side effects are a sensorineural hearing loss because of 
a certain amount of toxicity towards cochlear cells.

Surgery with vestibular nerve section or labyrinthectomy: Nerve section is a 
therapeutic option in patients who failed the conservative treatment options and 
labyrinthectomy when surgical options failed. Labyrinthectomy leads to a complete 
hearing loss in the affected side.

Clinically, three situations arise in which drug treatment is very helpful:

6. Acute attack drugs

Aiming at sedating the vestibule-trunk axis is particularly useful in aborting 
acute attacks. These include cinnarizine, promethazine, and diazepam.

Prolonged use of drugs such as cinnarizine is not advisable due to the risk of 
extrapyramidal side effects from prolonged use, particularly in the elderly.

6.1 Maintenance treatment

Dietary salt restriction and the use of diuretics such as furosemide, amiloride, 
and hydrochlorothiazide are attempts to prevent endolymphatic hydrops. The basis 
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for this is historical rather than scientific, as the data from the few controlled stud-
ies that exist are conflicting and the placebo effect is clinically significant.

Betahistine has been subject to some scientific scrutiny, and several controlled 
clinical studies have shown significant improvement in vertigo, hearing loss, and 
tinnitus in the short term. Betahistine, with or without a diuretic, is currently the 
preferred means of ensuring medical treatment.

Drugs such as cinnarizine, propranolol (particularly if the patient has a history 
of migraine), and corticosteroids are also used empirically by some doctors if the 
patient’s symptoms are refractory to the above measures.

7. Ablative treatment

7.1 Intratympanic gentamicin

The toxic effects of aminoglycosides on the inner ear sensory neuroepithelium 
have been recognized for decades.

Chemical labyrinthectomy through intratympanic gentamicin (GIT) controls 
vertigo and has been helpful in mainly unilateral Ménière’s disease when hearing is 
poor, but the vertigo presented by the patient is disabling.

The attending otologist should properly remind and advise the patient that 
from 3 days after the first application, fiber differentiation begins to occur and this 
usually leads to severe vestibular symptoms between 7 and 10 days after application. 
And it is a phenomenon expected by the chemical destruction of vestibular nerve 
afferents.

Several series have a vertigo control rate of about 90%, although a cochleotoxic 
effect is seen in 15–25% of cases. The future for intratympanic aminoglycosides in 
Ménière’s disease is therefore very promising [10].

Protocol of use:

• Complete battery of vestibular tests before therapy

• Initial reference (VENG before GIT)

• Provide for college entrance compensation

• Intratympanic gentamicin (40 mg/ml)

• Weekly intervals (up to three to four applications)

• Repeat audiometry weekly

• Repeat the VENG at the end of the sessions

• Topical anesthesia

• Patient rests for 1 hour after application

7.2 Surgical treatment

Whether as a result of medical treatment or as a consequence of the  clinical 
course of Ménière’s disease, about 90% of patients have a long period of 
remission.
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This implies that 10% of patients continue to have clinically important episodes 
of vertigo, and surgical treatment should be considered for them.

The various surgical procedures advocated for Ménière’s disease continue to raise 
considerable controversy among otolaryngologists. The decision to operate and the 
choice of procedure are often dictated by the understanding and experience of a 
particular technique and the surgeon’s individual threshold for surgical interven-
tion. Generally, surgical procedures for Ménière’s disease are classified as destruc-
tive or nondestructive with regard to hearing [8–10].

7.3 Endolymphatic sac surgery

Endolymphatic sac surgery was first described in 1927 by Portmann, and no 
other aspect of Ménière’s disease has elicited further debate or controversy. Just 
as the exact role of the endolymphatic sac in the development of hydrops is not 
yet known, the precise mechanism by which surgery works remains undefined. 
However, endolymphatic sac decompression surgery is still widely performed [10].

7.4 Vestibular nerve section

In the vestibular nerve section, no attempt is made to modify the underlying 
pathophysiology. The objective is to dissociate the offensive maze from the trunk, 
preserving the patient’s hearing.

The procedure is uniformly effective, with vertigo control in 90–95% of patients 
according to some series. However, it is a surgery with considerable risks inherent in 
any posterior fossa neurosurgical procedure [10].

7.5 Surgical labyrinthectomy

Labyrinth extirpation is indicated in patients with severe symptoms who have 
virtually useless hearing. Disturbance of the inner ear thus invariably leads to 
permanent anacusis. However, the ear on the opposite side may have subclinical 
hydrops, and we should be naturally concerned that the progress of the disease in the 
patient’s contralateral ear may aggravate and make it bilaterally deaf. This is probably 
the reason for the widespread choice of nondestructive inner ear procedures [10].

7.6 Cochlear implant

Over the past decade, the hearing rehabilitation of certain profoundly deaf 
people has been transformed by cochlear implants.

Patients with severe bilateral Ménière’s disease and severe to profound bilateral 
sensorineural deafness will end up with an indication for hearing rehabilitation 
with cochlear implant. Surgeons with patients with symptoms whose disease is 
refractory to clinical treatment have several surgical options.

We should always start with the use of intratympanic aminoglycosides as the 
least aggressive option.

When intratympanic gentamicin does not work, there are three management 
strategies: proponents of endolymphatic sac surgery as the first surgical step, 
reserving revision surgery, or vestibular neurectomy for patients who continue to 
have vertigo.

Patients who have not yet achieved clinical improvement after the endolym-
phatic sac decompression operation, the otologist who has no experience or staff to 
subject the patient to vestibular neurectomy is faced with the option of performing 
surgical labyrinthectomy [10].
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Chapter 2

Menière’s Disease: 
Etiopathogenesis
Carlos A. Oliveira

Abstract

This chapter will discuss idiopathic Menière’s syndrome. That is to say—Menière’s 
disease. We will start with a brief recall on the History of Menière’s disease begin-
ning with the description of the syndrome by Prosper Menière in 1861, the descrip-
tion of endolymphatic hydrops in temporal bone studies by Hallpike and Cairns in 
1938 and by Yamakaua in the same year. Endolymphatic hydrops became a patho-
logic correlate for Menière’s syndrome. Theories that considered endolymphatic 
hydrops as the cause of the syndrome will be discussed. More recent studies ques-
tioning the old theories and thinking of endolymphatic hydrops as an epiphenom-
enon in the course of the syndrome rather than the cause of the symptoms will be 
discussed. Temporal bone studies were the basis of these new theories too. Familial 
Menière’s disease will be discussed and several families will be described in detail. 
Because the phenotype of siblings on each family studied was variable and migraine 
was present in many affected members of these families a spectrum was postulated 
going from migraine alone to full blown Menière’s disease. Some siblings had what 
has been described recently as vertiginous migraine and a detailed description of 
this syndrome will be provided and the differences between this syndrome and 
Menière’s disease will be made clear. About 20% of Menière’s disease patients have 
a familial history. Sporadic Meniere’s disease might have a genetic predisposition 
and other environmental and behavioral factors contribute for the surfacing of the 
disease (multifactorial etiology). Because migraine is a central phenomenon and the 
vertiginous episodes and auditory symptoms are peripheral a hypothesis is presented 
for the pathophysiology of Menière’s disease. Recent research comparing vestibular 
migraine and Manière’s disease reinforcing the concept of these syndromes repre-
senting a continuum process with similar etiology are discussed at the end.

Keywords: Menière’s disease (MD), endolymphatic hydrops (EH), migraine,  
familial Menière’s syndrome, continuum, vertiginous migraine (VM)

1. Introduction

This chapter will present the etiopathogenesis and pathophysiology of Menière’s 
disease (MD). It is necessary therefore to make clear the definition of Menière’s 
disease that will be considered here.

We consider Menière’s disease the Menière’s syndrome without a clear etiology. 
Because vertigo, tinnitus and hearing loss are present in most of the insults to the 
inner ear there are many known causes for these symptoms. However, there is the 
Menière’s syndrome present in some patients without any definable etiology. This is 
Menière’s disease and will be our subject in this chapter.
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1.1 History of Menière’s disease

Let us start with following the History of MD. In 1861 Prosper Menière sug-
gested that vertigo, tinnitus and hearing loss were symptoms of vestibular organs 
injury rather than of brain apoplexy. This paper marked the starting point of a 
discussion that is now almost 180 years old [1].

In 1938 Hallpike and Cairns described in temporal bone histopathology study 
hydrops of the endolymphatic compartment in patients who had the Menière’s 
symptoms during life. This was a material proof of the inner ear origin of the 
Menière’s syndrome as stated by Menière in 1861 [2]. In the same year Yamakawa in 
Japan described the same histopathological findings in temporal bones of patients 
with the Menière’s syndrome [3].

From then on, several temporal bone histopathologists [4–6] found endolym-
phatic hydrops (EH) in temporal bones of patients with the Menière’s syndrome. 
So, EH was established as the pathological correlate of MD.

Schuknecht [7] in 1978 observed rupture of endolymphatic membranes in 
patients with EH (Figures 1 and 2) in temporal bones of patients who had the 
Menière’s syndrome during their life time. Lawrence in 1864 [8] had shown that 
rupture of Reisner’s membrane in one segment of the chinchilla’s cochlear duct and 
consequent mixing of endolymph with perilymph would cause permanent damage 
to the organ of Corti in the involved segment.

Figure 1. 
Membrane rupture in the vestibular labyrinth. Reprinted with permission from Ref. [7].
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Based on the ruptures of cochlear and vestibular membranes in the hydropic ears 
Schuknecht proposed that these ruptures and the consequent mixing of endolymph 
and perilymph would cause the acute Menière’s attack.

After the Schuknecht paper EH became more than a pathologic correlate. It 
was the cause of the Menière’s symptoms. For one decade this theory was accepted 
as true and things appeared to be settled down regarding the etiopathology of 
Menière’s disease.

However, during the year of 1989 Oliveira selected 83 temporal bones of patients 
who had significant tinnitus during life and tried to find a pathologic correlate for 
this symptom. Thirty-seven temporal bones had normal histology (44.5%), 23 had 
EH (27.7%). Among the normal histology bones there were 13 patients who also 
had episodic vertigo during life. It was notable that 72.2% of the bones had normal 
histology and EH. He thought of a common cause for MD and EH. In that case EH 
would not be the cause for MD but both would have a common cause [8].

Rauch et al. in 1989 [9] studied 26 temporal bones from patients who had MD 
during their life’s time but only 13 of them had EH. Figures 3 and 4 are from Rauch’s 
paper and express the change in position of EH: from the cause of the symptoms to 
an epiphenomenon also caused by an unknown primary event.

Fraysse in 1990 [10] pointed out that EH may be present in several diseases of 
the inner ear and that MD patients may not have EH present. Merchant et al. in 1995 
found 28 temporal bones from patients with MD who had EH but 19 other patients 
with EH never had MD symptoms during life [11].

Figure 2. 
Membrane ruptures in the semicircular canal and cochlea duct. Reprinted with permission from Ref. [7].
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phatic hydrops (EH) in temporal bones of patients with the Menière’s syndrome. 
So, EH was established as the pathological correlate of MD.

Schuknecht [7] in 1978 observed rupture of endolymphatic membranes in 
patients with EH (Figures 1 and 2) in temporal bones of patients who had the 
Menière’s syndrome during their life time. Lawrence in 1864 [8] had shown that 
rupture of Reisner’s membrane in one segment of the chinchilla’s cochlear duct and 
consequent mixing of endolymph with perilymph would cause permanent damage 
to the organ of Corti in the involved segment.

Figure 1. 
Membrane rupture in the vestibular labyrinth. Reprinted with permission from Ref. [7].
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Based on the ruptures of cochlear and vestibular membranes in the hydropic ears 
Schuknecht proposed that these ruptures and the consequent mixing of endolymph 
and perilymph would cause the acute Menière’s attack.

After the Schuknecht paper EH became more than a pathologic correlate. It 
was the cause of the Menière’s symptoms. For one decade this theory was accepted 
as true and things appeared to be settled down regarding the etiopathology of 
Menière’s disease.

However, during the year of 1989 Oliveira selected 83 temporal bones of patients 
who had significant tinnitus during life and tried to find a pathologic correlate for 
this symptom. Thirty-seven temporal bones had normal histology (44.5%), 23 had 
EH (27.7%). Among the normal histology bones there were 13 patients who also 
had episodic vertigo during life. It was notable that 72.2% of the bones had normal 
histology and EH. He thought of a common cause for MD and EH. In that case EH 
would not be the cause for MD but both would have a common cause [8].

Rauch et al. in 1989 [9] studied 26 temporal bones from patients who had MD 
during their life’s time but only 13 of them had EH. Figures 3 and 4 are from Rauch’s 
paper and express the change in position of EH: from the cause of the symptoms to 
an epiphenomenon also caused by an unknown primary event.

Fraysse in 1990 [10] pointed out that EH may be present in several diseases of 
the inner ear and that MD patients may not have EH present. Merchant et al. in 1995 
found 28 temporal bones from patients with MD who had EH but 19 other patients 
with EH never had MD symptoms during life [11].

Figure 2. 
Membrane ruptures in the semicircular canal and cochlea duct. Reprinted with permission from Ref. [7].
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In this way the rupture theory put forward by Schuknecht is now discarded.
Summarizing what has been said above:

1. EH is present in most cases of MD but it is not the cause of the Menière’s 
symptoms. At most it can be taken as a pathologic correlate for MD. A primary 
unknown cause produces first the symptoms and later EH as an epiphenomenon.

2. Menière’s syndrome is indeed a reaction of the inner ear to many insults (infec-
tion, trauma, tertiary syphilis, otosclerosis, autoimmune diseases).

3. EH may be found in the temporal bones from patients with all the above-mentioned 
insults: it is therefore a common pathologic correlate to many inner ear injuries.

4. We consider as MD the Menière’s syndrome without a known cause.

Figure 3. 
Reprinted with permission from Ref. [9]. See text for explanation.

Figure 4. 
Reprinted with permission from Ref. [9]. See text for explanation.
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2. Familial Menière’s disease

Familial MD is not a rare finding. The presence of MD in several siblings of a 
family points to a genetic etiology for the disease. Studying these families is a way 
to learn about MD etiology. In this section we will discuss our experience with MD 
occurring in families.

This research line started up in 1992 [12]. By that time, we saw a patient who 
was 69 years old and had a full blown Menière’s syndrome: severe episodic rota-
tory vertigo with drop (falling) attacks, tinnitus and fluctuating hearing loss in his 
right year. These symptoms started up 5 years before we saw him. His drop attacks 
were severe and several times he hearts himself during falls. Right sided headaches 
usually preceded the crisis. Audiogram showed low tone sensorineural hearing loss 
bilateral and flat severe sensorineural hearing loss on the right ear. Left ear had 
hearing preserved in the frequencies above 500 Hz (Figure 5A). VDRL test was 
negative and glycerol test was positive bilaterally. An endolymphatic sac procedure 

Figure 5. 
Audiograms of proband (A and B), one daughter and three sons of his (C–F). Reprinted with permission from 
Ref. [13].
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was performed in his right ear and the drop attacks disappeared. Mild dizziness 
attacks and headache continued but were controlled on medication. Ten years later 
in June 1090 his hearing in the right ear had worsened (Figure 5B) considerably 
but the drop attacks had not come back and his dizziness was under control. His 
headache was unchanged.

The heredogram of this family (Figure 6) shows that six of seven sons and 
daughters of this man had the same complaints as their father and the audiograms on 
four available siblings showed low tone sensorineural hearing loss (Figure 5C–F). 
One offspring from a second marriage of the index patients also had the same com-
plaints. We did not give attention to the headache these patients complained about so 
we did not classify this symptom properly.

We found several reports of headache associated with both familial and sporadic 
Menière’s syndrome [13–15] but the headache was not well characterized in any.

Two questions were in our minds after we studied the family described above: 
(1) how often a family history could be elicited from patients with classic Menière’s 
syndrome; (2) what kind of headache was associated with Menière’s syndrome? 
We started to apply to all the patients with Menière’s syndrome seen in our clinic a 
questionnaire with questions about the presence of similar symptoms in their fam-
ily members as well as about the presence of migraine symptoms.

Through this questionnaire we identified a large family who had typical 
Menière’s syndrome present in some siblings, migraine and Menière’s syndrome 
in others, and only migraine symptoms in others. Considering all siblings affected 
with these symptoms we arrived to the heredogram displayed in Figure 7. The mode 
of genetic transmission was clearly autosomal dominant [17]. Of course, we knew 
that in every day clinic work we find more patients with incomplete than with full 
blown Menière’s syndrome. To consider patients with migraine only as affected 
siblings was an assumption that was supported by continuing the line of thought.

The summary of all symptoms present on 19 affected members of the family is in 
Table 1. It can be seen there the spectrum of symptoms with some of them present 
and others absent in different patients. The index patient had full blown Menière’s 
syndrome and fluctuating low tone sensorineural hearing loss (Figure 8). Three of 
his sons had intractable migraine who needed hospitalization for treatment some-
times but they lacked Menière’s syndrome symptoms at that point. We concluded 
that: there was a strong association between migraine and Menière’s syndrome in 
this family and both seemed to be transmitted by a single gene in an autosomal 
dominant mode. From a physiopathology stand point we do not know how the 
migraine (central) relates to the Menière’s symptoms (peripheral).

Now we had a hypothesis: migraine and Menière’s syndrome are related 
and transmitted in an autosomal dominant mode. To further this hypothesis, 
we set up to answer two questions: (1) How often is the occurrence of familial 

Figure 6. 
Heredogram of the 1992 family. Reprinted with permission from Ref. [13]. Black symbols are affected siblings. 
Circles are male and square are females.
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Migraine–Menière’s syndrome in our population? (2) How is the evolution of these 
symptoms as time goes by? In other words: what is the Natural History of this 
symptom’s complex?

We then started to apply a questionnaire inquiring about the family history of 
every patient with typical Menière’s syndrome seen in our Otology Clinic prospec-
tively beginning in January 1997 and finishing in December 1998.

All index patients were required to have typical Menière’s syndrome according 
to the American Academy of Otolaryngology—Head and Neck Surgery criteria. The 
work up included audiometry, tympanometry, vectoeletronystagmography and a 
glycerol test in order to seal the diagnosis of idiopathic typical Menière’s syndrome 
(Menière’s disease). At this point the included patients were questioned about 
migraine symptoms. Next the questionnaire about their family history regarding 
Menière’s and migraine’s symptoms present in other family members was applied. 
It is worth to mention that any symptom of one of these syndromes were noted and 
used to construct the heredogram of each family. Every available affected member 
of these families went through the same work up of the index patients.

Eight patients with typical, complete Menière’s syndrome were collected in 
2 years from our otology clinic in Brasília. Six of the eight had positive family his-
tory for Menière’s and/or migraine. Table 2 shows that only one index patient had 
low tone sensorineural hearing loss. All others displayed high tone sensorineural 
hearing loss in between crisis. Table 3 shows the presence/absence of Menière’s and 
migraine symptoms in the affected members as well as demographic data.

Age of the index patients varied from 26 to 63 years old. Symptoms appeared 
between 15 and 40 years. Six patients had unilateral symptoms and two had both 
ears affected. Most of the time migraine occurred before the vestibular symptoms, 
sometimes it came after the vestibular crisis and a minority had migraine unrelated 
to the vertiginous attack. In six of the eight indices patient’s headache fit the clas-
sification of the International Headache Society of 1988 as migraine. There were six 
female and two male probands [16].

Figures 9–11 show heredograms of the six affected families. It is clear from them 
that the pattern of genetic transmission is autosomal dominant and there is great 
variability with some siblings having typical Menière’s disease and migraine, others 
having migraine alone and others having symptoms of Menière’s syndrome incom-
plete with or without migraine. If we assume a monogenetic transmission then 
variable penetrance of the gene is probably the cause of this variability.

Figure 7. 
Heredogram of 1997 family. Reprinted with permission from Ref. [16]. Black symbols are affected siblings. 
Circles are males and square are females.
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* Reprinted with permission from Ref. [16].

Table 1. 
Summary of clinical, laboratory, audiometric, and electronystagmographic findings in 19 affected members of 
family studied in 1997.*
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Figure 8. 
Audiograms of the proband of the 1997 family. (A–C) Document fluctuating low tones sensorineural hearing 
loss. Reprinted with permission from Ref. [16].
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* Reprinted with permission from Ref. [18].

Table 3. 
Summary of clinical, audiometric, and VENG findings in affected members of six families.*

 Reprinted with permission from Ref. [18].

Table 2. 
Summary of audiometric findings in eight probands (2002 paper).*
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From these data we reasoned that:

1. Typical Menière’s syndrome is not very frequent in Brasília: during 2 years in a 
very buzzy Otology Clinic we collected only eight cases.

2. On the other hand, the occurrence of familial disease in patients with typi-
cal Menière’s syndrome (Menière’s disease) is quite high (six of eight index 

Figure 9. 
Heredograms of families 3 and 4 from the 2002 paper. Note the spectrum of migraine and Menière’s syndrome 
present in the affected siblings. Reprinted with permission from Ref. [18].

Figure 10. 
Heredograms of families 5 and 6 of the 2002 paper. The pattern of symptoms distribution among the siblings are 
similar to the one present in families 3 and 4 above. Reprinted with permission from Ref. [18].
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patients). If we consider Menière’s syndrome all the spectrum of symptoms 
seen in these families then the disease is not so infrequent. In other words, we 
see incomplete Menière’s syndrome much more often in our clinics than the 
typical syndrome. However, migraine can be associated with all the Menière`s 
spectrum of symptoms.

We wanted to ask: what happens to this spectrum of symptoms as time goes by?
The family we published in 1997 [17] lived in Brasília and we were able to follow 

them up from 1995 on for 10 years. The following paragraphs will refer to unpub-
lished data from our group.

All affected and unaffected siblings in the heredogram in Figure 7 were care-
fully interviewed along the 10 years follow up. Twenty siblings had no qualitative 
changes in symptoms from 1995 to 2005. Four had changed from atypical headache 
in 1995 to typical migraine 10 years later. Two had migraine in 1995 and progressed 
to Menière’s syndrome in 2005. Four siblings had vertigo and atypical headache in 
1995 and progressed to vertigo and typical migraine in 2005.

Five unaffected siblings in 1995 had symptoms of the migraine—Menière’s 
complex 10 years later: two with aural fullness, one with migraine, tinnitus, ver-
tigo and hearing loss and two with migraine and vertigo. Three affected siblings 
had remarkable improvement in migraine and vertigo or complete remission of 
the symptoms.

Fifteen of the 38 affected siblings started out with migraine and the vestibular 
symptoms appeared in average 17.6 years later. Seven siblings continued with 
migraine only after 10 years follow up. Over time the intensity and periodicity of 
the migraine symptoms tended to diminish and the vestibular symptoms tended to 
become more frequent and intense (Table 4 and Figure 12).

Figure 11. 
Heredogram of families 7 and 8 of the 2002 paper. The pattern of symptoms among the siblings is similar to the 
families 3to 6. Reprinted with permission from Ref. [18].
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patients). If we consider Menière’s syndrome all the spectrum of symptoms 
seen in these families then the disease is not so infrequent. In other words, we 
see incomplete Menière’s syndrome much more often in our clinics than the 
typical syndrome. However, migraine can be associated with all the Menière`s 
spectrum of symptoms.

We wanted to ask: what happens to this spectrum of symptoms as time goes by?
The family we published in 1997 [17] lived in Brasília and we were able to follow 

them up from 1995 on for 10 years. The following paragraphs will refer to unpub-
lished data from our group.

All affected and unaffected siblings in the heredogram in Figure 7 were care-
fully interviewed along the 10 years follow up. Twenty siblings had no qualitative 
changes in symptoms from 1995 to 2005. Four had changed from atypical headache 
in 1995 to typical migraine 10 years later. Two had migraine in 1995 and progressed 
to Menière’s syndrome in 2005. Four siblings had vertigo and atypical headache in 
1995 and progressed to vertigo and typical migraine in 2005.

Five unaffected siblings in 1995 had symptoms of the migraine—Menière’s 
complex 10 years later: two with aural fullness, one with migraine, tinnitus, ver-
tigo and hearing loss and two with migraine and vertigo. Three affected siblings 
had remarkable improvement in migraine and vertigo or complete remission of 
the symptoms.

Fifteen of the 38 affected siblings started out with migraine and the vestibular 
symptoms appeared in average 17.6 years later. Seven siblings continued with 
migraine only after 10 years follow up. Over time the intensity and periodicity of 
the migraine symptoms tended to diminish and the vestibular symptoms tended to 
become more frequent and intense (Table 4 and Figure 12).

Figure 11. 
Heredogram of families 7 and 8 of the 2002 paper. The pattern of symptoms among the siblings is similar to the 
families 3to 6. Reprinted with permission from Ref. [18].

25

Menière’s Disease: Etiopathogenesis
DOI: http://dx.doi.org/10.5772/intechopen.84698

Pa
tie

nt
A

ge
 at

 th
e 

m
om

en
t 

(2
00

5)
 (y

)

Pe
ri

od
ic

ity
*  (1

99
5)

Pe
ri

od
ic

ity
*  (2

00
5)

In
te

ns
ity

 (1
99

5)
In

te
ns

ity
 (2

00
5)

M
ig

ra
in

e
M

en
iè

re
M

ig
ra

in
e

M
en

iè
re

M
ig

ra
in

e
M

en
iè

re
M

ig
ra

in
e

M
en

iè
re

1
81

2/
w

1/
w

1/
w

1/
w

9/
10

M
od

er
at

e
6/

10
Se

ve
re

2
90

—
—

—
—

—
—

—
—

3
82

2/
w

2/
m

2/
m

1/
w

8/
10

M
od

er
at

e
6/

10
Se

ve
re

4
87

1/
w

1/
m

1/
m

1/
w

6/
10

M
od

er
at

e
6/

10
Se

ve
re

5
92

1/
w

1/
w

2/
m

2/
w

9/
10

Se
ve

re
9/

10
Se

ve
re

11
62

2/
m

—
2/

m
1/

m
8/

10
—

7/
10

Se
ve

re

12
58

2/
m

—
2/

m
—

7/
10

—
6/

10
—

21
69

1/
m

1/
m

1/
m

2/
m

8/
10

M
od

er
at

e
5/

10
M

od
er

at
e

31
61

1/
m

1/
m

1/
m

2/
m

9/
10

M
od

er
at

e
6/

10
M

od
er

at
e

32
64

3–
4/

m
—

2/
m

—
9/

10
—

6/
10

—

33
63

1/
m

—
1/

m
—

10
/1

0
—

6/
10

—

41
61

2/
w

1/
w

2/
m

2/
w

9/
10

M
od

er
at

e
7/

10
Se

ve
re

51
68

1/
m

1/
m

1/
m

2/
m

9/
10

Se
ve

re
8/

10
Se

ve
re

52
66

1/
m

—
1/

m
—

8/
10

—
8/

10
—

53
54

1/
m

2/
y

1/
m

4/
y

7/
10

M
od

er
at

e
7/

10
Se

ve
re

54
51

2/
y

3/
y

2/
y

1/
m

8/
10

M
od

er
at

e
8/

10
M

od
er

at
e

55
51

3/
y

1/
y

3/
y

3/
y

8/
10

M
od

er
at

e
6/

10
M

od
er

at
e

56
60

1/
m

2/
y

1/
m

1/
m

9/
10

M
od

er
at

e
8/

10
M

od
er

at
e

51
2

37
6/

y
1/

y
2/

m
4/

y
8/

10
M

od
er

at
e

8/
10

M
od

er
at

e

52
4

37
1/

m
—

1/
m

—
8/

10
—

8/
10

—

53
1

32
3/

y
—

3/
y

—
7/

10
—

7/
10

—

53
3

25
3/

y
—

3/
y

—
7/

10
—

7/
10

—

54
1

29
4/

y
1/

y
1/

m
4/

y
8/

10
M

od
er

at
e

8/
10

M
od

er
at

e
* U

np
ub

lis
he

d 
ob

se
rv

at
io

ns
.

Ta
bl

e 
4.

 
N

at
ur

al
 h

ist
or

y 
of

 m
ig

ra
in

e a
nd

 v
es

tib
ul

ar
 sy

m
pt

om
s d

ur
in

g 1
0 

ye
ar

s f
ol

lo
w

-u
p 

(1
99

7 
fa

m
ily

) 
(N

 =
 23

 a
ffe

ct
ed

 si
bl

in
gs

).*



Meniere’s Disease

26

Figure 12. 
Graphic representation of the natural history of this symptom complex during 10 years follow up of the 1997 
family.

Patient Audiogram result (1995) Audiogram result (2005)

1 Moderate to profound mixed hearing  
loss bilaterally

Profound mixed hearing loss bilaterally

2 Mild high frequency SNHL Mild to moderate high frequency SNHL

3 Moderate high frequency SNHL Moderate high frequency SNHL

4 Moderate mixed hearing loss bilaterally Moderate mixed hearing loss bilaterally

5 Moderate high frequency SNHL 
bilaterally

Moderate to severe high frequency SNHL 
bilaterally

11 Normal Normal

12 Normal Normal

13 — —

21 Normal Normal

22 — —

23 — —

24 — —

31 — —

32 Normal Mild high frequency SNHL bilaterally

33 — —

41 Mild high frequency SNHL Mild to moderate high frequency SNHL 
bilaterally

42 — —

43 — —

51 Moderate high frequency SNHL 
bilaterally

Profound high frequency SNHL 
bilaterally

52 Normal Normal

53 Normal Normal

54 Mild high frequency SNHL bilaterally Mild to moderate high frequency SNHL 
bilaterally

55 Mild high frequency SNHL bilaterally Mild to moderate high frequency SNHL 
bilaterally

56 Moderate high frequency SNHL Profound high frequency SNHL 
bilaterally
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Hearing loss worsened in most patients. The loss was in high frequency tones 
and bilateral (Table 5). We were not able to document low tone fluctuating senso-
rineural hearing loss during the crisis of vertigo/migraine in all siblings but we did 
document this feature clearly only in the index patient (Figure 8).

Now we had the natural history of this complex of symptoms described. We 
were therefore able to organize the clinical data in order to define a phenotype of 
this syndrome in the large family from Brasília.

Our hypothesis was that this was a genetically determined symptom com-
plex and the genetic transmission was monogenic with incomplete penetrance. 
Next step was to try to find the genetic locus for these symptoms. Because we 
were not able to document low tone sensorineural hearing loss in most of the 
siblings and the high frequency sensorineural hearing loss was bilateral in the 
majority of the siblings the clinical diagnosis of migrainous vertigo was adopted 
for these patients. The fact that some of them had typical Menière’s syndrome 
including low tone sensorineural hearing loss was however pointed out in the 
final paper [18].

Twenty-three family members who were clinically and audiologically evaluated 
and had image studies also done had genome wide linkage analysis performed with 
Affymetrix GeneChip Human Mapping 10K microarrays. Genotyping of family 
members DNA with microsatellite markers was used to further assess candidate loci 
identified from the whole genome scan.

The results of vestibular testing and imaging studies were unremarkable. The 
genetic analysis defined a 12.0 MB interval on chromosome 5q35 between loci 
rs2448795 and D5S2073 that contained the disease gene (logarithm of odd score 4.21).

Molecular genetics studies were performed at the Molecular Genetics laboratory 
of Harvard Medical School headed by Professor Jonathan Seidman.

3. Discussion of above findings and correlation with current literature

Here we will blend our results with the current literature on the subject and 
formulate a new hypothesis.

Patient Audiogram result (1995) Audiogram result (2005)

511 — —

512 Normal Mild high frequency SNHL bilaterally

521 — —

522 — —

523 — —

524 — —

531 — —

532 — —

533 Normal Normal

541 Normal Normal

542 — —

551 — —

552 — —

553 — —
*Reprinted with permission from Ref. [19].

Table 5. 
Hearing loss during 10 years follow-up (N = 19).*
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It is important to acknowledge the recently described vertiginous migraine 
(VM) syndrome [19] which is now listed in the Barany Society and the International 
Headache Society classification of vestibular diseases [20]. This entity is very 
frequent, second only to benign paroxistic positional vertigo being probably present 
in 1% of the general population [8]. We are not going to describe in detail the VM 
symptoms but it is important to point out the differences between MD and VM.

One marked difference is the absence of hearing loss that fluctuates in the low 
frequencies in the beginning and that progresses to severe hearing loss along the life 
in Menière’s disease but not in vertiginous migraine. Bilaterally of the symptoms 
seems to be more frequent in familial MD and VM than in sporadic MD but it is not 
different between these two syndromes.

There is a significant body of literature dealing with the interfaces of Menière’s 
disease (DM) and VM. We will review briefly some papers on this subject.

Neuhauser et al. [21, 22] prospectively evaluated migraine in 200 patients from 
a dizziness clinic and 200 ones from a migraine clinic. Prevalence of migraine that 
satisfied the criteria of the International Headache Society (HIS) II was 38% in the 
dizziness clinic and 24% in sex and age matched controls (p < 0.01). Vertiginous 
migraine was present in 7% of patients in the dizziness clinic and 9% of the ones in 
the migraine clinic. In 15 of 32 patient’s vertigo was always associated with migraine 
during the acute attacks. In 16 patients this association was sporadic and two 
patients never had both symptoms together.

Radke et al. [23] studied 78 patients (40 male and 38 female) aged 29–81 years 
all with idiopathic uni- or bilateral Menière’s disease according to the AAO-HNS 
criteria. Lifetime prevalence of migraine with and without aura was 50% among 
these patients and 25% among normal control patients (p < 0.001). Furthermore 
45% or the Menière’s disease patients always experienced at least one migraine 
symptom (headache, photophobia, aura) during the acute attacks. They postulated 
a pathophysiologic link between migraine and MD.

Urkur et al. [24] studied VEMPs parameters in VM, MD and migraine patients 
and found very similar results for all these patients. Gazques et al. [13] published 
a paper on recent advances in the genetics of recurrent vertigo including familiar 
episodic ataxias and MD. They found that 20% of MD patients have positive family 
histories for this disease [25].

Cha et al. [27] described six families with index patients affected by MD and 
migraine. There were 56 affected siblings. Of these 26 (41%) met the HIS criteria 
for migraine. Fifty percent had migraine with aura. Three patients had typical aura 
without headache. Sixty-three family members had recurrent spells of spontane-
ous vertigo. There were three twin pairs, two monos and one dizygotic. One of 
the homozygotic pair had migraine and MD while the other one had migraine and 
episodic vertigo without auditory involvement (VM).

Bertora and Bergman [38] using quantitative EEG (qEEG) studied 120 patients 
with MD and migraine and 85 patients with MD and no migraine. Eighty-five percent 
of MDs patients had hemodynamic brain variations like the ones found in migraine. 
Brain electric depolarizations and cortical irritative focuses are common to migraine 
and MD. However, MDs patients had important hyperactivity in the limbic lobe [28].

From this brief review of literature, we can say:

1. VM and MD are very often present in one single family and therefore have a 
common-genetic link.

2. Hearing involvement in MD and not in VM is the main clinical difference 
between these two syndromes.

3. Migraine is present in both syndromes.
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Recently Welfang et al. [29] selected 30 classic MD patients and 30 patients with 
definite or probable VM matched by age and sex. Three-dimensional real inversion 
recovery magnetic resonance (3D real IR) was performed in these patients 24 hours 
after intratympanic gadolinium injection in order to assess endolymphatic hydrops 
(EH). Response rates, amplitudes, latency and response thresholds of cervical and 
ocular evoked myogenic potentials (c/o VEMP) were tested using air conducted 
sound. Pure tone audiometry was used to evaluate the level of hearing loss.

Different degrees of EH were observed in the cochlea and vestibule of MD 
patients. Some VM patients had 3D real—IR suspicious for cochlea EH and no EH 
was found in the vestibule of these patients. There was statistically significant cor-
relation between EH and low tone sensorineural hearing loss. Response thresholds 
for c/o VEMP were no different in VM and MD patients.

Therefore, low frequencies sensorineural hearing loss correlate with EH on MD 
patients. 3R-real IR showed more severe degrees of EH in patients with MD but 
suggestion of EH in the cochlea of VM patients was showed. MD and VM patients 
behaved similarly in vestibular dysfunction and their transduction pathway (VEMP).

Ghawany et al. [30] treated 25 patients with typical MD following protocol to 
prophylactic migrainous treatment and showed marked improvement in quality of 
life in 92% of the patients. He states his results point to etiopathogenetic relation 
between MD and VM.

These results suggest a common etiopathogenesis for MD and VM and that VM 
may progress to MD as time goes by if EH develops in VM patients.

4. Conclusion

At this point we know that the spectrum of symptoms that goes from migraine 
alone to migraine with full blown MD including vertigo and migraine (VM), vertigo 
alone (atypical Menière’s syndrome) has high familial incidence and is genetically 
transmitted in a monogenic autosomal dominant mode [16]. We have found that the 
locus for this spectrum of symptoms maps to chromosome 5q35 [18].

Studies using VEMP [26] and 3D real IR [27] have shown that EH is present in 
different degrees in both MD and VM. It may be that absence of low tone senso-
rineural hearing loss in VM relates to the very small degree of EH present in this 
entity compared to MD.

Based on all this evidence we have up to now we believe that future efforts 
should be directed to isolate the gene in chromosome 5q35 and follow up longitudi-
nally patients with VM with VEMP and 3D real IR MRI to test the hypothesis that 
VM and MD are different stages of the same process.

Sporadic MD and VM should be tested for the presence of the gene we are 
looking for after we have it isolated. Then we might also have a better idea about the 
etiology of MD and VM. Probably environmental factors [31] will be also important 
for the full development of the disease (multifactorial etiology).

We do believe that this research line should be taken to its future.

5. Etiopathogenesis of migraine—Menière’s disease

Finally we must consider how migraine, a central syndrome relates to Meniere’s 
disease a syndrome that originates in the periphery of the vestibular system.

Several authors [32–36] have shown that trigeminal vasomotor fibers innervate 
the inner ear (stria vascularis, cells of the ampullary crests) and through this 
pathway the vascular changes occurring in the central nervous system reach the 
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peripheric vestibular system and bring about the symptoms of MD and EH. This 
certainly would occur in VM too.

Of course this theory needs experimental confirmation before it can be con-
sidered proven. Nevertheless the anatomical pathways are in existence and this is 
factual evidence towards this theory. The natural history of the symptoms in our 
families supports it.

Dolowitz [37] has studied a big number of patients with MD and showed 
that headache is a nuclear symptom in sporadic MD but he did not characterize 
the headache as igraine so this must be done before we can say that migraine is a 
constant part of sporadic MD.
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Abstract

Meniere’s disease or syndrome is one of the most common inner ear diseases.
Meniere’s disease is characterized by episodic vertigo, sensorineural hearing loss
that fluctuates during episodes, tinnitus, and ear fullness. Ideal treatment should
stop vertigo attacks, restore hearing, get rid of tinnitus and ear fullness. Treatment
options are decided upon the remaining hearing, severity, and intensity of vertigo
attacks. Meniere’s disease is progressive on hearing levels of the patient; some of
them develop profound hearing loss that also could affect the other ear. In order to
plan a treatment scheme for patient, these conditions should be assessed. It has a
destructive and progressive nature, so the first step of treatment should contain
more conservative treatment options. If symptom control could not be obtained,
destructive treatment options should be considered.

Keywords: Meniere’s disease, lifestyle changes, Meniett, vestibular rehabilitation,
neuro-otology

1. Introduction

Meniere’s disease was first described by Prosper Meniere in 1861 [1]. He
described series of symptoms of a leukemic patient, and he suggested that vertigi-
nous symptoms were caused by hemorrhage in the inner ear [2]. Knapp hypothe-
sized inner ear hydrops, but its histologic confirmation was demonstrated in 1938
[3]. Still today, Meniere’s disease etiology is not clear.

Meniere’s disease is characterized by episodic vertigo, sensorineural hearing loss
that fluctuates during episodes, tinnitus, and ear fullness. Some of the patients
develop drop attacks called Tumarkin crisis, also known as otolithic crisis, and
nausea [4, 5].

Meniere’s disease or syndrome is one of the most common inner ear diseases. Its
prevalence reported 3.5–513 per 100,000 in USA series [6]. It shows slightly female
predominance 1.89:1 [7]. It is more common in white and older population; peak
age is in the fourth and fifth decade but some early onset cases in children are
reported [8, 9].

Meniere’s usually starts in one ear, but bilateral disease is not uncommon. It may
occur many years after the unilateral symptoms first started. Its prevalence is
unclear and reported from 2 to 78% [9]. Familial Meniere’s disease has been
reported in 10–20% of cases [10]. Meniere’s disease is strongly associated with
Meniere’s disease so as allergies.
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Till this day, an effective treatment protocol is not established, because the
pathogenesis of Meniere’s disease is not clear.

2. Pathogenesis

Most common histopathologic finding is “endolymphatic hydrops” but the exact
pathology is unknown. The Committee on Hearing and Equilibrium of American
Academy of Otolaryngology Head and Neck Surgery’s (AAO-HNS) definition of
certain Meniere’s disease contains histopathologial confirmation of endolymphatic
hydrops [11].

Endolymph is produced by stria vascularis in the cochlea and by the dark cells in
the vestibular labyrinth [12]. In autopsy studies, endolymphatic hydrops was
observed in the temporal bones of patients who were diagnosed Meniere’s disease,
but not all individuals who had endolymphatic hydrops developed Meniere’s disease
symptoms [13, 14]. Perisaccular fibrosis and decreased endolymphatic duct size are
observed in some of the patients. The CT images showed that individuals have
hypoplastic endolymphatic sac and duct and inadequate periaqueductal
pneumatization [15]. MRI studies showed that patients with Meniere’s disease have
significantly smaller and shorter drainage system [16]. After gadolinium enhance-
ment, enhancement of endolymphatic sac and periventricular space was demon-
strated in MRI [17, 18]. Nakashima et al. designed a study to demonstrate
endolymphatic hydrops in Meniere’s disease in 3 Tesla MRI. Gadolinium was
injected transtympanically and MR images were taken a day after. They observed
that the gadolinium moves first into the perilymphatic space and that can reveal the
border between endolymph and perilymph. They successfully showed the endo-
lymphatic hydrops in these patients [19]. Naganawa et al. study demonstrated same
results with 1.5 Tesla MRI after intravenous administration of gadolinium. They
reported their waiting time is much shorter (4 hours after contrast enhancement)
and 95% success rate, while the intratympanic gadolinium method’s rate of success
is reported as 80–90% [20]. Imaging is also important as it helps in differential
diagnosis of the other cases that could cause unilateral hearing loss, vertigo such as
vestibular schwannoma.

It is hypothesized that the ruptures of membranous labyrinth and cicatrization
in healing process could cause the drain blockage that leads to endolymphatic
hydrops [21, 22]. Schuknect explained that, the ruptures of membranous labyrinth
cause the leakage of potassium enriched endolymph to perilymph depolarize the
nerve cells. Acute inactivation results with hearing loss and vertigo, after healing
process of the chemical distribution of ions normalize; so the effects are reversible.
Since the Meniere’s disease takes its course through lifetime, the effects on the inner
ear is irreversible at some point, so the hearing loss is permanent and vertigo attacks
subdue [23]. However, this theory is not accepted by all; some authors suggested
that ruptures are occurred rarely and not adequate to explain all the symptoms [24].

3. Etiology

Meniere’s syndrome is the triad; fluctuating hearing loss, tinnitus, and episodes
of vertigo; if the cause is unknown it is defined as Meniere’s disease [25]. In exper-
imental studies, the blockage of endolymphatic duct and its lead to endolymphatic
hydrops is shown in animals. In order to create this, mechanical blockage, viral
inoculation, and immune response-induced inflammation are used [26].
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Some of the studies suggested that allergy and Meniere’s disease could be linked.
Derebery et al. studied patients who were diagnosed with Meniere’s disease. The
skin prick test results were positive of 41% of these patients, which were three times
higher than general population [27]. Some mechanisms were proposed in order to
explain the link between allergy and Meniere’s disease.

1.The fenestrated blood vessels that are located in endolymphatic sac allow the
antigen to enter that leads to mast cell degranulation. Inflammation around the
perisaccular fibrous tissue and release of histamine cause vasodilatation and
increase the secretion that causes endolymphatic sac resorption capacity over
rules.

2. Immune complexes that enter the endolymphatic sac circulation through this
fenestrated vessels start inflammation and increase vascular permeability.

3.Waldeyer’s ring stimulated by viral antigens triggers T-cell migration to
endolymphatic sac and leads to inflammation and excession of fluid
production [28].

In order to demonstrate this relationship, Derebery et al. investigated the effects
of allergen immunotherapy and elimination of food allergens in Meniere’s disease
patients. Their results were surprisingly positive. They reported that the improve-
ment of symptoms of Meniere’s disease and allergic symptoms were significant [29].

Another mechanism that is suggested is viral infection; however, no specific
virus is identified [30].

Ischemia is another factor that is suggested in Meniere’s disease mechanism [31].
Migraine and Meniere’s disease link by vascular mechanism [32].

4. Diagnosis

In order to plan a treatment algorithm for Meniere’s disease, it is important to
diagnose it accurately. Diagnostic investigation is not bound to only one test result.
The Committee on Hearing and Equilibrium of the AAO-HNS has described the
symptoms. As per AAO-HNS, the major symptoms of Meniere’s disease are vertigo,
hearing loss, and tinnitus [11].

4.1 Vertigo

Spontaneous, rotational vertigo that last at least 20 minutes accompanied usually
with nausea and vomiting which are the definitive spells of Meniere’s disease.
During the spell, horizontal or horizontal rotatory nystagmus is observed.

4.2 Hearing loss

Fluctuating hearing loss, commonly in low frequencies, is the most common
audiological finding. In some cases, hearing loss is progressive and is usually
unilateral.

Hearing loss is described as:

• the arithmetic mean of hearing thresholds of 250, 500, and 1000 Hz which is
15 dB or higher than the average of 1000, 2000, and 3000 Hz; or,
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results with 1.5 Tesla MRI after intravenous administration of gadolinium. They
reported their waiting time is much shorter (4 hours after contrast enhancement)
and 95% success rate, while the intratympanic gadolinium method’s rate of success
is reported as 80–90% [20]. Imaging is also important as it helps in differential
diagnosis of the other cases that could cause unilateral hearing loss, vertigo such as
vestibular schwannoma.

It is hypothesized that the ruptures of membranous labyrinth and cicatrization
in healing process could cause the drain blockage that leads to endolymphatic
hydrops [21, 22]. Schuknect explained that, the ruptures of membranous labyrinth
cause the leakage of potassium enriched endolymph to perilymph depolarize the
nerve cells. Acute inactivation results with hearing loss and vertigo, after healing
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subdue [23]. However, this theory is not accepted by all; some authors suggested
that ruptures are occurred rarely and not adequate to explain all the symptoms [24].

3. Etiology

Meniere’s syndrome is the triad; fluctuating hearing loss, tinnitus, and episodes
of vertigo; if the cause is unknown it is defined as Meniere’s disease [25]. In exper-
imental studies, the blockage of endolymphatic duct and its lead to endolymphatic
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Some of the studies suggested that allergy and Meniere’s disease could be linked.
Derebery et al. studied patients who were diagnosed with Meniere’s disease. The
skin prick test results were positive of 41% of these patients, which were three times
higher than general population [27]. Some mechanisms were proposed in order to
explain the link between allergy and Meniere’s disease.

1.The fenestrated blood vessels that are located in endolymphatic sac allow the
antigen to enter that leads to mast cell degranulation. Inflammation around the
perisaccular fibrous tissue and release of histamine cause vasodilatation and
increase the secretion that causes endolymphatic sac resorption capacity over
rules.

2. Immune complexes that enter the endolymphatic sac circulation through this
fenestrated vessels start inflammation and increase vascular permeability.

3.Waldeyer’s ring stimulated by viral antigens triggers T-cell migration to
endolymphatic sac and leads to inflammation and excession of fluid
production [28].

In order to demonstrate this relationship, Derebery et al. investigated the effects
of allergen immunotherapy and elimination of food allergens in Meniere’s disease
patients. Their results were surprisingly positive. They reported that the improve-
ment of symptoms of Meniere’s disease and allergic symptoms were significant [29].

Another mechanism that is suggested is viral infection; however, no specific
virus is identified [30].

Ischemia is another factor that is suggested in Meniere’s disease mechanism [31].
Migraine and Meniere’s disease link by vascular mechanism [32].

4. Diagnosis

In order to plan a treatment algorithm for Meniere’s disease, it is important to
diagnose it accurately. Diagnostic investigation is not bound to only one test result.
The Committee on Hearing and Equilibrium of the AAO-HNS has described the
symptoms. As per AAO-HNS, the major symptoms of Meniere’s disease are vertigo,
hearing loss, and tinnitus [11].

4.1 Vertigo

Spontaneous, rotational vertigo that last at least 20 minutes accompanied usually
with nausea and vomiting which are the definitive spells of Meniere’s disease.
During the spell, horizontal or horizontal rotatory nystagmus is observed.

4.2 Hearing loss

Fluctuating hearing loss, commonly in low frequencies, is the most common
audiological finding. In some cases, hearing loss is progressive and is usually
unilateral.

Hearing loss is described as:

• the arithmetic mean of hearing thresholds of 250, 500, and 1000 Hz which is
15 dB or higher than the average of 1000, 2000, and 3000 Hz; or,
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• average threshold of 500, 1000, 2000, and 3000 Hz which is 20 dB or higher in
poorer ear in unilateral cases; or

• average threshold of 500, 1000, 2000, and 3000 Hz which is higher than 25 dB
in bilateral cases.

About 10 dB change or more or 15% or more change in speech discrimination
rate is considered clinically significant.

One of the prognostic factors that affects hearing function is duration of the
disease [33]. It is documented by most of the authors [34–36]. Age is also an
independent prognostic factor to determine hearing function and its responsiveness
to medical treatment [37].

4.3 Tinnitus and aural fullness

It could be confirmed with the patients’ history. Tinnitus is commonly of a
low-frequency type [38]. Sometimes, patients describe it to be localized in affected
ear or sense it in the whole head. Patients describe tinnitus differently from each
other [39].

4.4 Clinical presentation

The initial symptom of Meniere’s disease can be vertigo (37%), tinnitus (18%),
fluctuating hearing loss (20%), or any combination of these. Only 25% of cases start
with all of these symptoms [40].

Most of the patients describe recurrent vertigo attacks (96.2%) with tinnitus
(91.1%) and ipsilateral hearing loss (87.7%) [41]. Most of the crippling symptom is
vertigo. In an acute attack, it tends to stay 20 minutes to 24 hours [42].

The beginning of the Meniere’s disease differs from patient to patient as well as
the course of the disease. It is found that vertigo stops in 57% of the patients in
2 years and 71% of the cases in 8.3 years after the first onset [43].

Detailed clinical history should be taken as the first and most important step for
diagnosis. Most of the distressing symptom is vertigo. It is usually present in hori-
zontal axis, accompanied with nausea and vomiting. During this attack, horizontal
or horizontal rotatory nystagmus could be observed.

Some of the patients could describe sudden drop attacks which were described
by Tumarkin, and this symptom is named after him also called otolithic crisis of
Tumarkin. This symptom is caused by utriculosaccular dysfunction [44]. Sudden
changes in vertical gravity reference cause postural adjustments via vestibulospinal
pathway and end up with sudden fall [45]. About 2–6% of patients with Meniere’s
disease were reported to experience drop attack [46].

Second common symptom is hearing loss usually accompanied with tinnitus and
ear fullness sensation. Hearing loss is fluctuating, most in low frequencies and tends
to be progressive; however, only 1–2% of patients end up with profound hearing
loss [47]. Additionally, 43.6% of the patients have different perception of hearing
between ears (diplacusis) and 56% recruitment [25].

Tinnitus description could be different between patients but it is usually
nonpulsatile and could be continuous or appears only during the attack, or could get
worse during the attacks.

The AAO-HNS Committee on Hearing and Equilibrium suggested staged diag-
nosis for Meniere’s disease. They suggested to group patients in the order of their
symptoms as possible, probable, definite, and certain Meniere’s disease [11]
(Table 1).
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The AAO-HNS Committee on Hearing and Equilibrium revised their diagnostic
criteria in 2015. The new definition of “Definite” and “Probable” Meniere’s disease
is summed up in Table 2 [48].

4.4.1 Diagnostic workup

To treat Meniere’s disease successfully, diagnosis should be confirmed. There is
not a single test exists to confirm Meniere’s disease alone, so the patient should be
evaluated with possible diagnostic tests.

4.4.2 Videonystagmography

Eye movements are observed after caloric or vestibular stimulation. Caloric
response is found to decrease in 48–73.5% of the patients’ affected ear, and com-
plete absence is reported in 6–11% of patients [49, 50].

4.4.3 Electrocochleography

Summation potentials are larger and more negative in Meniere’s disease. Most
valuable ratio is summation potential/action potential. SP/AP ratio is found to be
increased in Meniere’s disease. However, this is not definitive, and only 62% of
patients with Meniere’s disease have elevated ratios [51].

Possible Meniere’s
disease

• Episodic vertigo without documented hearing loss, or
• Sensorineural hearing loss (fluctuating or flat) with disequilibrium but

without definitive vertigo attacks

Probable Meniere’s
disease

• One definite vertigo episode
• Documented hearing loss at least once
• Tinnitus or ear fullness

Definite Meniere’s
disease

• Two or more definite vertigo attacks lasted at least 20 minutes
• Documented hearing loss at least one
• Tinnitus or ear fullness

Certain Meniere’s
disease

• Definite Meniere’s disease
• Histopathological confirmation of endolymphatic hydrops

Table 1.
Diagnosis of Meniere’s disease.

Probable Meniere’s
disease

• Two or more spontaneous episodes of vertigo (each lasts 20 minutes to
24 hours)

• Fluctuating aural symptoms on the affected ear (tinnitus, hearing loss, or
aural fullness)

• Other vestibular diseases were excluded

Definite Meniere’s
disease

• Two or more spontaneous episodes of vertigo (each lasts 20 minutes to
12 hours)

• Low- to mid-frequency sensorineural hearing loss in affected ear
(documented with audiometry) at least on one occasion (before, during, or
after the vertigo episode)

• Fluctuating aural symptoms on the affected ear (tinnitus, hearing loss, or
aural fullness)

• Other vestibular diseases were excluded

Table 2.
Amended 2015 criteria for diagnosis of Meniere’s disease.
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4.4.4 Dehydrating agents

Dehydrating agent such as glycerol, urea used to reduce endolymph volume and
improvement of symptoms were such as improved hearing, reduction of SP nega-
tivity in electrocochleography, trying to be observed. It is reported 60% sensitivity
for Meniere’s disease [52].

4.4.5 Vestibular evoked myopotentials

Loud clicks are used to stimulate stapedial movement in order to stimulate the
saccule. Stimulation saccule triggers the pathway that relaxes sternocleidomastoid
muscle. Normal ear response is recorded as 500 Hz, and affected ear’s response is
recorded in elevated thresholds with flattened tuning [53].

The AAO-HNS’s guideline is suggested in 1995 and does not contain these diag-
nostic vestibular battery; it is only suggested to the use of full audiometric workup.

One of the recent guidelines for diagnosis and treatment of Meniere’s disease is
from French Otorhinolaryngology-Head and Neck Surgery Society (SFORL) in
2016. They describe that “definite” Meniere’s disease could be diagnosed if another
cause could not be described to explain the following four clinical findings;

• two or more rotational vertigo attacks that last 2 minutes to 12 hours or,
Tumarkin’s crises;

• low-frequency hearing loss on two consecutive frequencies, 30 dB or more if
the other ear hearing is normal, or 35 dB or more if hearing is affected
bilaterally; and

• tinnitus or aural fullness; and

• fluctuating otologic findings.

MRI of inner ear is suggested to rule out cerebellopontine angle or endolym-
phatic sac tumors, anatomic deformity, or a degenerative pathology such as multi-
ple sclerosis that could mimic the symptoms of Meniere’s disease. Also
audiovestibular workup could lead the clinician to intralabyrintine pressure disor-
der. The workup should include at least pure-tone and speech audiometry with
VNG or VEMP or VHIT [54].

5. Treatment

Ideal treatment should stop vertigo attacks, restore hearing, and get rid of
tinnitus and ear fullness. Unfortunately, ideal treatment is absent nowadays. Our
limited knowledge of pathophysiology of the disease makes it impossible to treat
patients ideally. Also symptoms and course of the disease differ between patients,
so treatment should be individualized.

The aim of the treatment is to reduce frequency and severity of vertigo attacks
and improve hearing results [55]. All current treatment options are symptomatic.

Due to natural course of the disease, vertigo attacks of 60–80% of patients
improve without any intervention [56, 57]. Patients who refused to take any medi-
cal or surgical assistance had spontaneous improvement of their symptoms at the
rate of 71% [43]. Green et al. reported complete vertigo control in 50% of the
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patients, partial control in 28% of the patients, and only 17% of their patient needed
medical treatment in their 14 years of follow-up [58].

Treatment options are decided upon the remaining hearing, severity, and inten-
sity of vertigo attacks. Meniere’s disease is progressive on hearing levels of the
patient; some of them develop profound hearing loss which also could affect the
other ear. In order to plan a treatment scheme for a patient, these conditions should
be assessed. It has destructive and progressive nature, so the first step of treatment
should contain more conservative treatment options. If symptom control could not
be obtained, destructive treatment options should be considered.

AAO-HNS suggested a staging system based on a four-tone average of 500,
1000, 2000, and 3000 Hz on the worst pure-tone audiometry, and this system
should be obtained to the patients who were diagnosed with “definite” or “certain”
Meniere’s disease (Table 3) [11].

International Consensus (ICON) on treatment of the Meniere’s disease proposed
a treatment algorithm in 2018 (Figure 1) [59].

ICON’s proposal for treatment algorithm summarizes the logic of the treatment
for Meniere’s disease. When the course of the disease is considered, Meniere’s
disease could make the affected ear to deteriorate and also could affect the other ear

Stage Four-tone average (dB)

I 25 or less

II 26–40

III 41–70

IV >70

Table 3.
Staging of definite and certain Meniere’s disease.

Figure 1.
Treatment algorithm of Meniere’s disease proposed by ICON in 2018.
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at any time. Most logical approach for treatment is starting with less invasive option
and assessing the patient periodically. If the suggested treatment fails, more inva-
sive methods should be offered.

Also in SFORL guideline of treatment, a step-by-step approach from conserva-
tive to destructive is suggested.

If a patient seeks for medical attention during vertigo attack, treatment is
symptomatic. The rest of the chapter contains nonsurgical treatment options, acute
attack treatment, and vestibular rehabilitation options.

5.1 Preventive treatment options

5.1.1 Lifestyle changes and low salt diet

The first line of treatment is to encourage the patient to change his lifestyle into
a healthier one. Regulation of sleeping cycle, avoiding stress, caffeine, alcohol, and
tobacco, and changing into a low salt diet should be advised [60–62]. Caffeine is
accused to increase the endolymph volume due to its sympathomimetic actions, and
it is suggested to be restricted to 100 mg/day by AAO-HNS [63]. More active
lifestyle should be offered, like taking at least 20 minutes of walking.

Low salt diet has been suggested to Meniere’s disease patients since the 1930s,
where daily intake of sodium is recommended to be under 2 grams [64, 65]. Low
salt intake increases serum aldosterone levels [66]. It has been found that endolym-
phatic sac contains receptors for mineral corticoids [67]. Aldosterone controls Na/K
ATPase, thiazide-sensitive Na/Cl co-transporter, and epithelial Na channels which
are also expressed on endolymphatic sac [68–73]. It has been shown that
canrenoate, an aldosterone antagonist, reduced electrical potentials of endolym-
phatic sac after applied [74, 75]. Elevation of aldosterone levels may increase the
endolymph absorption [70]. However, restriction of salt intake could not be proven
to change the levels of sodium of plasma and endolymph [64, 65, 76].

In Miyashita et al.’s study, Meniere’s disease patients were grouped in order to
their sodium intake. After initiation of low sodium diet, patients were observed for
2 years. Low sodium group (daily intake of 3 grams or less) had better hearing levels
and less vertigo attacks than high sodium group (daily intake more than 3 grams).
However, serum aldosterone levels were not different although low sodium group
had higher serum levels [77].

Also Tadros and colleagues investigated elder population and those who had
higher serum aldosterone levels had better hearing levels, and they suggested that
aldosterone might have a protective effect on hearing [78].

Low sodium intake has known benefits on cardiovascular health; hence, there is
no harm to suggest it.

5.1.2 Betahistine

Betahistine is a weak histamine H1 receptor agonist and a potent histamine H3
receptor antagonist.

It is suggested to improve microvascular circulation in stria vascularis that
reduces the endolymph pressure [79], and it inhibits vestibular nuclei activity that
results longer and easier recovery [80, 81]. It reaches its peak plasma concentration
in 1 hour, and maximal therapeutic effects start in 3–4 hours after intake [82].

Betahistine is a popular agent in Europe and Japan. FDA does not approve its use
in vertigo as it is not commonly used in the USA. Its beneficial effects are based on
the clinical observation; some studies report favorable results on vertigo control and
hearing improvement and some studies do not. In betahistine’s case, literature
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findings are controversial. In SFORL guideline, betahistine is suggested as the first
line of treatment.

Tootoonchi et al. reported improvement of 6.35 dB in hearing levels after
6 months of betahistine administration [37]. However, patient’s first hearing levels
should be considered; if the patient has poor hearing levels at the first visit, he is less
likely to benefit from the treatment [36]. Cochrane reviews support the positive
effect of betahistine on vertigo attack frequency and hearing levels. They
highlighted the fact that the investigated studies have serious study design flaws
and tend to bias [83]. Therapeutic benefits of betahistine were reported in Nauta’s
meta-analysis [84].

BEMED study is a multi-central, placebo-controlled study that investigates the
effects of betahistine. The results on vestibular symptoms were not any different
compared to placebo [85]. In order to establish the benefits of betahistine, more
well-designed, placebo-controlled studies are required.

Literature seems to be controversial but it is suggested as the first line of treat-
ment in the European, French, and Japanese guidelines as its beneficial effects on
patients are observed clinically.

5.1.3 Diuretics

Another treatment agent widely used for Meniere’s disease treatment is
diuretics. Thiazide group of diuretics is usually suggested. The cells that produce
endolymph, such as dark cells and stria vascularis, contain carbonic anhydrase.
Carbonic anhydrase inhibitors like acetazolamide are recommended in order to
reduce the production endolymph [86].

Recent systematic review on diuretics was conducted by Crowson and col-
leagues. They reviewed four retrospective studies. One of the studies compared
betahistine and diuretics and reported improved results on vertigo in both groups
but lack of placebo group [87]. In another study, diuretics showed beneficial effects
on vestibular symptoms compared to placebo [88]. Another placebo-controlled
retrospective study reported beneficial effects of hydrochlorothiazide on hearing
loss and vertigo control [89]. Most of the studies have low level of evidence.
Cochrane report in 2006 on diuretics reported beneficial but it highlighted the fact
that most of the studies were lack of high quality of evidence [90]. However, studies
indicate improvement in vertigo and lesser effect on hearing. Still they are
suggested as the first line of treatment options in many guidelines.

5.1.4 Pulse pressure treatment

Around three decades ago, it has been reported that positive pressure to middle
ear could have helped release of Meniere’s disease’s symptoms [91]. The underlying
mechanism is still unclear. Meniett device was introduced by Medtronic company
in 2000 and approved by FDA for Meniere’s disease treatment. After insertion of a
ventilation tube, the device is placed to external ear canal and sends low-pressure
pulses.

There are many studies about Meniett’s effect on Meniere’s disease and symptom
control. Gates et al.’s randomized controlled studies showed benefits of Meniett
device in short term. They demonstrated a significant decrease of vertigo attacks in
first 3 months but this could not be observed in long term [92]. Other studies
reached different conclusions about Meniett.

Ahsan et al. suggested that Meniett could be useful for Meniere’s disease treat-
ment, but Syed and van Sonsbeek were unable to show this effect in their random-
ized controlled studies where they compared the device effect to placebo [93–95].
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at any time. Most logical approach for treatment is starting with less invasive option
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Low salt diet has been suggested to Meniere’s disease patients since the 1930s,
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in vertigo as it is not commonly used in the USA. Its beneficial effects are based on
the clinical observation; some studies report favorable results on vertigo control and
hearing improvement and some studies do not. In betahistine’s case, literature
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findings are controversial. In SFORL guideline, betahistine is suggested as the first
line of treatment.
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control. Gates et al.’s randomized controlled studies showed benefits of Meniett
device in short term. They demonstrated a significant decrease of vertigo attacks in
first 3 months but this could not be observed in long term [92]. Other studies
reached different conclusions about Meniett.

Ahsan et al. suggested that Meniett could be useful for Meniere’s disease treat-
ment, but Syed and van Sonsbeek were unable to show this effect in their random-
ized controlled studies where they compared the device effect to placebo [93–95].
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Recent meta-analysis reported that Meniett device provided complete remission of
52% of patients and 34% of patients had not complete but significant release of
symptoms [96]. This meta-analysis also investigated the suggested treatment pro-
tocols. Initiation of Meniett after 2 weeks of ventilation tube insertion seemed to
have better control over the symptoms. Effects on vertigo seem to begin in first
6 months, reach its peak in 6–18 months, and stabilize after 18 months. Also it was
observed that the shorter initiation of the therapy after placement of ventilation
tube had a better effect on hearing preservation and vertigo control [96].

However, some authors have different opinions when it comes to ventilation
tubes. They suggest that ventilation tube insertion alone could control Meniere’s
disease symptoms [97–100]. In hypoxia theory, it is hypothesized that vertigo
attacks are triggered by anoxia in inner ear, which can decrease endolymphatic
potentials and microcirculation of cochlea [101, 102]. Ventilation tube enriches
middle ear oxygenation and helps anoxic environment of inner ear [103]. Also
ventilation tube decreases the middle ear pressure, and it is hypothesized that this
could help to balance the increased inner ear pressure that could lead to Meniere’s
attack [104]. It remains inconclusive that the decrease of symptoms after Meniett
device is only from the ventilation tube or ventilation tube insertion alone. How-
ever, Zhang et al.’s meta-analysis reviewed studies that compare Meniett to placebo
device and reached a conclusion. They report that if the interval between ventila-
tion tube insertion and Meniett device is longer than 2 weeks, beneficial effects may
be due to Meniett device alone [96].

Recent Cochrane database reviewed Meniett device-based studies that were
published until 2014. Randomized controlled trials that compare Meniett and pla-
cebo devices were included in their study. Due to heterogeneity of data, calculation
of outcome was reported not possible. Most of the studies found no significant
difference between Meniett and placebo on vertigo control. Only one study showed
a significant vertigo control after 8 weeks of usage of Meniett. Secondary outcomes
like improvement on hearing, Meniett group significantly had better outcomes with
7.38 dB increase, effects on tinnitus and aural fullness could not be determined due
to heterogeneity of data. Their conclusion is that data due to these studies are not
adequate to determine the beneficial effects of Meniett [95].

Long-term results of Meniett device was published by Dornhoffer et al. Treated
patients’ improvement rates reported 75%, similar of untreated patients [105].
University of Colorado stated that the device is expensive and lacks cost-
beneficiality [106].

None of the studies that investigated Meniett device reported any complications.
Therefore it is harmless to propose this treatment. It is advised as the first-line
treatment of ICON’s guideline as well as Italian and Australian treatment algorithms
[59, 95]. It is reported as the most common second-line treatment option in the USA
[107]. With its potential benefits and low risk of complication rates, Meniett device
could be advised to patients.

5.1.5 Ventilation tubes

Though it is a surgical procedure, it is minimally invasive so its effects onMeniere’s
disease will be discussed in this chapter. After myringotomy of the anteroinferior
quadrant of tympanic membrane, ventilation tube could be inserted as an office
procedure. Sugawara et al. and Montandon et al. reported that ventilation tube inser-
tion has control over Meniere’s disease symptoms without further treatment [97, 98].

Kimura and Hutta’s experimental study on guinea pigs is that the middle ear
ventilation reduced endolymphatic hydrops. It is hypothesized that ventilation of
middle ear decreases the pressure in middle and inner ear [103].
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Tumarkin was the first physician who introduced ventilation tubes as a treat-
ment option in 1966. Tumarkin also reported that eustachian tube dysfunction is
correlated with endolymphatic hydrops and his data was supported by Lall
[108, 109]. However, Cinnamond, Hall, and Brackmann reported that eustachian
tube dysfunction was not always observed with Meniere’s disease patients and
insertion of ventilation tube could worsen the symptoms of patients [110, 111].

Montadon et al. reported that complete remission or improvement rates of their
patients were 82%. They also reported that the patient whose ventilation tube
blocked had recurrence of symptoms and immediate relief after reinsertion of
ventilation tubes [98]. Thomsen published results of patients who received
transmastoid endolymphatic decompression surgery compared with patients who
were inserted ventilation tube. Each group had significant control over their symp-
toms but found no difference between these groups [112].

Among the most recent studies in literature in 2015, Ogawa et al. studied venti-
lation tube insertion and its effects on intractable Meniere’s disease patients. All of
their patients were treated medically at least 6 months before ventilation tube
insertion was advised. After a year, 20% of their patients had complete remission,
47% had partial remission. Two years later, complete vertigo control rates increased
to 47%. Secondary benefits of procedure on hearing levels had no significant dif-
ference. They reported that ventilation tube insertion could be beneficial and post-
poned more invasive procedures [100]. Therefore, it could be advised as a first-line
surgical procedure to patients who have symptoms after medical treatment.

The SFORL guideline does not recommend this procedure due to lack of evi-
dence [54]. Not considered in ICON’s guideline or the European Position Statement
on diagnosis and Treatment of Meniere’s disease [59, 113].

However, it is worthwhile to try because literature findings of some authors
showed beneficial effects and it is minimally invasive and has low-complication
rates.

5.1.6 Intratympanic steroid injections

Intratympanic steroid treatment will be discussed in later chapters.

5.2 Treatment of acute attacks

It is important to control the effects and related vegetative symptoms of vertigo
during acute attack. Meniere’s attacks are sudden onset and could last 20 minutes to
24 hours. In order to suppress the symptoms, benzodiazepines, meclizine, or other
antihistamines could be used [106]. Drugs that are used to suppress the symptoms
of Meniere’s disease have no effect on progression of the disease.

Antihistamines, such as dimenhidrate, meclizine, benzodiazepines, and scopol-
amine, and anti-dopamines, which had antiemetic effects, such as metoclopramide
and fenotiazines, are used to suppress the vestibular symptoms. These agents also
have sedative effects that could help to reduce the patients’ anxiety. Diazepam is
effective on GABA receptors in vestibular nucleus and inhibits their response. It
should only be used during acute attack because the long-term usage decreases
vestibular compensation mechanisms. Dimenhidrate could also provide
relief during acute attack but it could affect concentration and cause dizziness in
long term [114].

Diazepam inhibits vestibular response with its effect on GABA-ergic receptors
located in cerebellar system [115]. However, clinical and experimental studies show
that the long-term usage of diazepam prolongs the vestibular compensation
[116, 117].
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Meclizine is useful to reduce vegetative symptoms like nausea, benzodiazepines
are also well tolerated anxiolytic, in order of intractable vomiting promethazine
suppositories could be used [106].

Transdermal scopolamine patches reaches therapeutic blood level 4 hours after
placement and release drug to system 72 hours; however, this could not be useful
because of the attacks’ sudden onset nature [118].

Intravenous lidocaine has found to be effective during acute attack of Meniere’s
disease [119].

5.3 Vestibular rehabilitation and psychological support

Meniere’s disease is a chronic attack characterized by their sudden onset. It is
observed by most of the physicians that it also burdens patients psychologically.
Also it is observed that stress and anxiety could trigger the attacks. Increase of
vertigo severity is associated with worse quality of life scores of Meniere’s disease
[120]. Most of the guidelines suggest psychological support and behavioral therapy
for the patients so they could have a better understanding of their condition and
help themselves to cooperate with this condition.

Van Cruijsen et al. suggested that the symptoms could be worsened in negative
emotional state [121]. Many studies reported the relation between symptoms and
behavioral characteristics; the worse perception of the disease could create a vicious
circle [122–124]. Patients suffering from Meniere’s disease were found to be having
more stress-causative behavioral characteristics than normal controls. This infor-
mation leads to hypothesis that higher stress-related hormone levels could cause
endolymphatic hydrops [124]. Another study by Van Cruijsen that assesses the
psychological state of Meniere’s disease patients compared to patients who had
chronic vestibular diseases documented that 63% of Meniere’s disease patients had
psychologic pathology, such as depression or anxiety, but found no significant
difference between non-Meniere’s disease patients. It is also reported that
Meniere’s disease patients quality of life questionnaire results were worse than
normal results [125].

Yokota et al. studied the treatment outcomes of both surgical and nonsurgical
treatment due to patients’ psychological status. Patients who had no mental distress
had benefitted from both of the treatments more than the patients who had mental
problems. Also surgical treatment options tend to have been found more beneficial
over nonsurgical treatment among the patients who had psychological disorders. In
order to improve treatment results of both surgical and nonsurgical options, it is
advised that psychological support is necessary [126].

Better understanding of the disease and psychological state and their relation
with better results seem to be beneficial for patients. Healthier psychology, encour-
agement to participate in active life, and providing psychological support in any
chronic illness are important to help patients to remain as functional individuals in
the society.

Traditionally, vestibular rehabilitation is ineffective in episodic vertigo patients.
Stable conditions are better candidates for successful rehabilitation. Due to its
chronic and progressive nature, rehabilitation of these patients is tricky. In order to
obtain rehabilitation, physical therapy must be customized. It is not advised to
initiate a rehabilitation program in acute onset.

The success of rehabilitation depends on the patient. First step of a successful
rehabilitation program is education of the patient. Each patient is unique, and their
characteristics, mental status, and understanding capacity differ between each
other. Patients have to be informed about their disease, its nature and treatment
options. Detailed explanation should be given about the effectiveness of physical
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therapy, coping mechanisms, and possible sequels for each person’s understanding
level. It is also important to correct the patient if they were misinformed [127].

Before customizing a rehabilitation program, the patient should be examined
systemically. Mecagni et al.’s study demonstrated that limited ankle motion range
affects the patient’s performance on balance tests [127]. Lower extremities should be
examined on their functional levels and sense of proprioception. Impaired vision
could affect oculomotor functions negatively. In order to determine relationships
between the input mechanisms of balance system, posturography could be used if it is
available [128]. It is reported that static platform posturography is more sensitive and
specific in Meniere’s disease than caloric and rotational tests, both in diagnosing and
detecting other deficits that accompany these patients’ vestibular system [129, 130].

Although there is not a test battery that could predict the effects of attacks on
patients daily life, most of the patients describe the attacks debilitating [131]. Most
of the time attacks occur suddenly and being prepared for those attacks is impor-
tant. It should be discussed with the patient about special sensations or feelings
before the attack. At least half of the patients could identify a trigger [132]. In order
to identify these conditions, a symptom diary could be advised.

Some protective advices should be given to the patient to be performed during
the attack. Also most of the patients tend to close their eyes during the attack, and it
should be taught that keeping their eyes open and targeting them onto something
would help them to suppress nystagmus [127]. Instead of panicking over symptoms,
they should be advised to stay calm and sit or lie down in order to prevent them-
selves from further injuries.

When the attack subdued, refractory effects could continue to debilitate the
patient. The patient should be advised to avoid any sudden movements. In order to
minimize the effects on their personal lifestyles, some modifications should be
advised like performing daily activities, sitting instead of standing while cooking,
dressing up, etc.

In order to prevent patients’ social isolation, patients should be encouraged
about informing their social circle about their condition. Also series of exercises
should be programmed for each patient’s current status, and patients should be
encouraged to participate in social life. In our clinic, we advise our patients to go to
a mall for window shopping. It helps patients to overcome their fear to be in public,
helps them to use visual object to train their vestibulo-ocular system, and also
improves their walking and sense of proprioception. In addition to these advises, if
a specific problem was found on their posturography, it is consulted with related
departments.

Rehabilitation and its importance are well documented in Meniere’s disease
patients who received a destructive protocol [133–135]. However, studies about the
effects of vestibular rehabilitation on patients who suffer from post-vertigo dis-
equilibrium are limited. Clendaniel and Tucci reported the importance of vestibular
rehabilitation of patients after vertigo attack [136].

Gottshall et al.’s study demonstrated the beneficial effects of vestibular exercises
on post-vertigo symptoms with unilateral Meniere’s disease. Patients reported that
their balance function was significantly improved, only experiencing subtle dis-
comfort [137]. In bilateral disease, it is reported by Cohen et al. that vestibular
rehabilitation was not effective and advised to evaluate other adaptive strategies
with these patients [138].

Vestibular rehabilitation between attacks could help patients to cooperate with
disease and help them to keep their functionality levels up. Vestibular rehabilita-
tion’s effect on patients’ mental status is not reported in the current literature but
logically it could improve mental health. Recent guidelines recommend behavioral
therapies and vestibular rehabilitation programs.
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Gottshall et al.’s study demonstrated the beneficial effects of vestibular exercises
on post-vertigo symptoms with unilateral Meniere’s disease. Patients reported that
their balance function was significantly improved, only experiencing subtle dis-
comfort [137]. In bilateral disease, it is reported by Cohen et al. that vestibular
rehabilitation was not effective and advised to evaluate other adaptive strategies
with these patients [138].

Vestibular rehabilitation between attacks could help patients to cooperate with
disease and help them to keep their functionality levels up. Vestibular rehabilita-
tion’s effect on patients’ mental status is not reported in the current literature but
logically it could improve mental health. Recent guidelines recommend behavioral
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5.4 Hearing loss and tinnitus in Meniere’s disease

Meniere’s disease symptoms are episodic vertigo attacks, fluctuating hearing
loss, tinnitus, and ear fullness. Most disturbing symptom of this condition is vertigo
according to most of the studies that evaluated the quality of life scores of the
patients. So the preservation of hearing function and reducing the tinnitus intensity
are always evaluated as secondary outcomes in studies. During follow-up of the
patients, it is important to document hearing levels because remained hearing
function is the key factor in decision-making process of the treatment.

One of the diagnostic criteria of Meniere’s disease according to AAO-HNS’s
guideline is hearing loss.

It is recommended to stage the disease and underline as an important factor to
monitor the treatment results [11].

In ICON’s guideline, destructive treatment options are recommended if there is
no functional hearing left [59]. Hearing loss is usually located in lower frequencies,
and in early stages of the disease, it has a fluctuating pattern [139, 140]. In later
phases, it could decrease, and after 5–10 years, hearing thresholds usually settle to
50–60 dB as well as speech discrimination scores decrease to 50–60% [141]. Tinni-
tus is mostly a low-frequency type due to hearing loss, which could be localized to
affected ear and could be described globally [38]. Low-frequency tinnitus is diffi-
cult to be masked with environmental sounds [142].

Havia et al. reported the relationship between vertigo, hearing loss, and tinnitus.
Patients with more profound hearing loss had worse outcomes on their
posturography tests and caloric test responses found decreased on the affected ear
[35]. Recent studies demonstrated that hearing loss in these patients is associated
with sensory element degeneration [143].

The intensity of tinnitus reported to increase with duration symptoms. Intense
tinnitus is found to be related with hearing loss specifically at 500 Hz. However,
vertigo attack frequency or duration of the attacks was not related with tinnitus
intensity [35]. Gentamicin injections proven to be effective to reduce the tinnitus
but surgical interventions found to be ineffective on tinnitus control [144, 145]. In
order to compensate with tinnitus, behavioral therapy should be advised.
Betahistine and nasal oxytocin were studied in Meniere’s disease and they reported
to decrease tinnitus perception but data are limited [146, 147]. Cochlear implants
have reported that they decrease tinnitus significantly; although the data are
limited and still relatively new, it is reported to decrease tinnitus of patients after
6 months [148].

5.5 Treatment of bilateral Meniere’s disease

Bilateral Meniere’s disease prevalence is reported in 2–47% of the cases, and it
could occur after several years of the first onset of the disease [9]. Temporal bone
studies suggest that bilateral Meniere’s disease incidence is higher and bilateral
endolymphatic hydrops observed 25–30% of the inspected temporal bones [149–
151]. Bilateral Meniere’s disease should be treated conservatively; bilateralization
could occur at any time, and there is no test that could prevent this. This condition
is the main reason of the emphasis on being conservative while choosing the treat-
ment option.

Meniere’s disease rarely start bilaterally, it usually starts with unilaterally
[152–154]. Most of the cases, contralateral involvement occurs after 2–5 years after
the first initiation of symptoms [155]. Clinical presentation of these cases is differ-
ent from each other. Most important step in diagnosis is suspicion and knowledge of
the possible nature of the disease could affect the contralateral side at some point of
patients’ follow-up. Severity of the disease should be established independently for
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each ear, in pure-tone audiometry average of 500, 1000, 2000, and 3000 Hz >25 dB
[11]. Tinnitus is reported to be more intense in bilateral Meniere’s patients. Also
they reported that patients who had bilateral Meniere’s disease had significantly
longer history of disease and worse pure-tone average [35].

In EcoG, Iseli and Gibson reported that summation potential/action potential
ratio has a limited value to determine endolymphatic hydrops and should be com-
bined with summation potential amplitude ans summating potential bias ratio
[156]. Lin et al. proposed to combine VEMP tuning and VEMP thresholds to detect
the hydrops in the contralateral ear before the symptoms’ onset [157]. In imaging,
studies suggest that affected side has endolymphatic dilatation and due to this
perilymph volume seem decreased [158]. Combination of these diagnostic strategies
could help physicians to detect bilateral involvement and avoid from destructive
procedures in suspected patients.

In ICON’s guideline, they reported that the bilateral tendency of the disease
attributed as an important factor of most clinic treatment protocol shift from
intratympanic gentamicin to intratympanic steroid. Also as a surgical treatment
option, endolymphatic sac procedures are recommended for bilateral Meniere’s
disease [59]. In SFORL guideline, gentamicin injections are contraindicated in single
intact ear or bilateral Meniere’s disease. They recommend endolymphatic sac sur-
gery if medical treatments failed in bilateral Meniere’s disease. Destructive surgeries
such as vestibular neurectomy and labyrinthectomy are not recommended in bilat-
eral Meniere’s disease [54].

Treatment options of bilateral disease are restricted. Conservative treatment
options should be advised and symptomatic treatment should be prescribed during
attack. Peterson et al. conduct a survey study among American otorhinolaryngolo-
gists about their choice of treatment with patient who had only hearing ear and
most common option is Meniett device when other conservative treatment options
failed. After Meniett, intratympanic steroid injection comes second in their choice
of treatment. Endolymphatic sac procedures come in third; first decompression is
advised than shunt procedures. Selective vestibular nerve section comes later [107].

Intratympanic steroid injection could be advised to patients with bilateral
Meniere’s disease. Recent randomized controlled study conducted in 2005 reported
that intratympanic steroid injections are the effective way of treatment [159].
However, another study found no difference between intratympanic steroid injec-
tion and saline injection [160, 161]. The literature findings are controversial.

Intravenous streptomycin sulfate in debilitating bilateral Meniere’s disease
reported to reduce the symptoms [162–164]. If complete or near complete bilateral
hypo-function has occurred, streptomycin sulfate is found to be effective [163].
Immune-mediated bilateral Meniere’s disease is a subgroup of Meniere’s disease,
and methotrexate treatment is found to be effective on symptom control [165].
Another treatment option for immune-mediated group is systemic steroids, its
efficacy is reported in a few studies [153, 166–170]. Prospective study on treatment
of bilateral Meniere’s disease with systemic steroids reported significant improve-
ment on decrease in vertigo attacks but had no effect on hearing loss or tinnitus or
aural fullness [170].

Surgical option of these patients is endolymphatic sac surgery; it has lowest
complication rates on sensorineural hearing loss, <2% [171]. Kitahara et al.’s study
reported the results of patients who had endolymphatic sac drainage with and
without insertion of steroid induced silastic and nonsurgical group. The vertigo
control rates were similar in surgery groups with or without steroid, but hearing
levels of steroid group had better long-term results than nonsteroid surgery group
and nonsurgical group [172]. Their findings were also supported with review of
Wetmore. In order of retractable disease ablative surgeries combined with cochlear
implant insertion should be considered.
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Abstract

Meniere’s disease represents one of the most frequent vestibulopathy, with 
prevalence of 46–200 cases per 100,000, without difference between genders and 
manifests in fourth decade of life. Features include dizziness/vertigo, hearing loss, 
tinnitus, and ear fullness. Individuals with Meniere’s disease have poor quality of life 
due to dizziness, regarding physical, functional, and emotional aspects. The thera-
peutic measures are proposed, depending on the stage of the disease. About 95% of 
the patients are well controlled with conservative clinical treatment. The remaining 
5% have incapacitating symptoms. These patients are candidates for surgical treat-
ments classics, decompression of the endolymphatic sac, vestibular neurectomy, or 
labyrinthectomy. Intratympanic gentamicin injections emerged as an alternative to 
surgical treatments, whose risk and benefit ratio has been shown to be much more 
satisfactory. Aminoglycosides, such as gentamicin have been used since the decade 
of 1950 for the vestibular chemical ablation in cases of intractable vertigo. The 
drawback is that gentamicin causes irreversible destruction to cochlear hair cells with 
hearing loss. The selective vestibulotoxicity in the treatment of Meniere’s disease can 
be used in the treatment of the vertigo promoting a chemical labyrinthectomy.

Keywords: Meniere’s disease, vestibulopathy, vertigo treatment,  
chemical labyrinthectomy, vestibulotoxicity

1. Introduction

Meniere’s disease (MD) is a clinical entity characterized by episodic vertigo, 
fluctuant sensorineural hearing loss (SNHL), tinnitus, and a pressure sensation of 
the ear. It can happen uni- or bilaterally, and diagnosis is made clinically, according 
to the classification of the American Academy of Otolaryngology—Head and Neck 
Surgery, updated in 2015 (Table 1) [1, 2]. MD is a chronic condition affecting about 
190/100,000 patients in US, a general incidence about 50–200/100,000 per year, 
and a lower incidence of 17/100,000 per year in Japan [3].

The diagnosis of MD remains eminently clinical and its manifestations are 
widely variable. Many patients have audiological symptoms, some have mainly 
vestibular complaints and few patients have a combination of auditory and vestibu-
lar symptoms. The bilateral involvement can be observed in 10–50% of the patients, 
which leads to a condition difficult to treat and with unfavorable prognosis [4].
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Figure 1. 
Reissner’s membrane displaced in a temporal bone with hydrops (arrowheads).

Figure 2. 
Membranous structures displaced in MD. The arrowhead points the membranous structure called saccule, in 
different stages of hydrops (A, normal; B, slight; C, moderate; and D, severe). FN-facial nerve; S-stapes.

2. Otopathology

Prosper Meniere, who worked as a director of the first school for the deaf-mute in 
Paris, described in 1861, a combination of vertigo, imbalance, and hearing impairment 
reflecting an inner ear disease [1]. But, only in 1937, with the discovery of endolym-
phatic hydrops (EH) in human temporal bones by Yamakawa and Hallpike and Cairns, 
the pathologic displacement of Reissner’s membrane into the scala vestibuli—and so 
with the dilation of the scala media of the cochlea—was first stablished (Figure 1) [5].

Definite Two or more episodes of vertigo* plus audiometrically confirmed low- to medium-frequency 
SNHL in one ear on at least one occasion before, during, or after one of the episodes of vertigo; 
fluctuating aural symptoms** in the affected ear; not better accounted for by another vestibular 
diagnosis

Probable Two or more episodes of vertigo or dizziness, each lasting 20 min to 24 h; fluctuating aural 
symptoms** in the affected ear; other causes excluded

*Defined as spontaneous, rotational vertigo lasting 20 min to 12 h.
**Hearing, tinnitus, or fullness.

Table 1. 
Criteria of diagnosis of MD.
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Many other disorders can be related with hydrops, as aforementioned: tem-
poral bone fracture, otosclerosis, diabetes mellitus, syphilis, hormonal disorders, 
migraine, and others. Diseases that can cause MD are as follows: food allergy, 
dyslipidemia, and autoimmune diseases [3, 6]. These disorders can also affect inner 
ear composition and displace in various degrees other membranous structures, 
including saccule, utricle, and the ampullae of the semicircular canals (Figure 2) [5].

3. Audiological findings

Several tests and evaluation methods have been employed for the diagnosis of 
MD. These include audiological tests, vestibular, radiological, clinical, and biochemi-
cal parameters. However, the lack of a definitive diagnostic test makes the process of 
diagnosis sometimes longer or frustrating. For this reason, the professional should 
be well experienced in the decision of when and what test should be used for the 
diagnostic process and, especially, to know how to interpret the results [7].

Although MD is not a rare condition, there is a delay in the diagnosis. Probably 
this is due to factors such as the difficulty of the differential diagnosis between 
other inner ear diseases, mainly due to the occurrence of nonspecific symptoms in 
the early stages of the disease and the absence of specific tests, in addition to the 
floating characteristic of MD which hinders the interpretation of the tests [8].

Patients with hearing loss and balance disorders are commonly diagnosed as 
having MD, which sometimes characterizes a diagnostic error, due to the lack of 
specific diagnostic tests [7, 8].

The main objective of early diagnosis is the early intervention, aiming to reduce the 
frequency and intensity of the crisis of vertigo and, at the same time, to preserve the 
hearing and vestibular functions [7]. Nonetheless, it is common among patients with 
MD, psychological suffering and loss in quality of life due to the crisis of vertigo [9, 10].

Some procedures significantly collaborate for the diagnosis of MD; however, it 
is important to emphasize the correlation of clinical history and symptoms with the 
results of the behavioral evaluation and testing goals for the conclusion of the case. In 
MD, a progressive hearing loss occurs with disappearance of vertigo in 70% of cases.

In addition, the audiological evaluation is important in monitoring treatment, as 
in the case of chemistry labyrinthectomy with gentamicin.

Tonal threshold audiometry is the basic examination used in the process of 
diagnosis and follow-up of MD and has a decisive role in treatment decisions. The 
progressive sensorineural hearing loss, with impairment of low frequencies and the 
fluctuations, is typical result observed in MD.

The degree of hearing loss seems to be related to the stage of the disease and 
has a relationship with the symptomatic period. It is common for MD patients a 
sensorineural hearing loss to moderate to severe before or on the first diagnosis. 
The settings of the hearing loss may vary; the most common is the ascendant or 
inverted “U.” The flat configuration appears in more advanced stages of the disease. 
However, different audiometric results can be found and variations in the degree 
and configuration of hearing loss may be observed, depending on the stage of the 
disease. Although the low frequencies are generally more affected, hearing loss may 
be present in all frequencies when in an advanced state of the disease, configuring 
sometimes an audiogram with flat curve [11]. In this way, the diagnosis of MD 
should not be established in accordance with the configuration of the audiogram, 
because there is not a specific audiometric pattern [12]. There is no consensus in 
the literature that the auditory thresholds for pure tone should be investigated, 
including thresholds of air and bone conduction and, at least for the frequencies 
250 Hz–8 kHz. A difference ≥10 dB is accepted as the float hearing for the MD. 
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Relationship was found between the occurrence of fluctuation and the severity or 
progression of the hearing loss. Authors report that the hearing losses affecting 
the averages (between 500 and 2000 Hz) and high frequencies (between 3000 
and 8000 Hz) suggest a worse prognosis than that one affects the low frequencies 
(between 125 and 500 Hz) [13]. The value of the results of the hearing evaluation 
by means of ATL has been shown to be significant, and the cochlear symptoms have 
been described in the literature as the most common initial sign of the disease and, 
many times, to appear before the vertigo.

The speech perception tests are also compromised. The percentage index of speech 
recognition (PISR) and the speech recognition threshold (SRT) are altered in MD 
[12, 13]. The average score of the PISR, when there is hearing loss can be around 56% 
or less if the MD is of long duration. In cases of unilateral hearing loss, percentages of 
PISR worst in relation to expected, considering the results of the auditory thresholds 
for pure tone. The speech in noise tests has helped in the intervention of the patients 
with MD; individuals with MD unilaterally submitted to simultaneous labyrinthec-
tomy have improvement in sound localization and in speech understanding with and 
without competitive noise [13]. Acoustic immittance measures course with a type A 
configuration tympanometry, although in some patients with severe hearing loss of 
long term may present tympanometry curve characteristic of tubal dysfunction. The 
acoustic reflex threshold decreases in cochlear pathologies due to recruitment, the 
difference between the acoustic reflex thresholds of the frequencies of 500, 1000, 
and 2000 Hz and the tonal auditory thresholds obtained by air, the same frequencies 
of 60 dB or less, and outcome goal that suggests the presence of cochlear pathology 
(recruitment) [13]. It is worth mentioning that the acoustic immittance measures can 
be very useful in the diagnosis of MD, in cases of MD floating and nonfloating and 
with respect to the prediction of endolymphatic hydrops reversible and irreversible.

Electrocochleography (ECochG) can be used for MD diagnosis. The presence of 
endolymphatic hydrops is determined by the enlargement of the summation poten-
tial (SP) in relation to the action potential (AP), reflecting an increase in relation 
SP/AP. The SP enlargement is more evident when the patient presents fullness and 
mild hearing loss. In the initial stages of the MD, the increase in the endolymphatic 
volume alters the hydromechanical properties of cochlear stretching medium scale 
and changing SP. The specificity of the relationship SP/AP is larger than the sensi-
tivity in MD. The increase of SP/AP relationship suggests the diagnosis of MD, but 
only in about 50% of the cases, the disease really exists [13].

4. Available treatments

The characteristics of the MD are well documented, as well as the treatments for 
this pathology. The available literature is focused to identify the etiology and how 
to clinically approach the symptomatic patient. The symptomatic treatment can be 
pharmacological and/or surgical.

The symptomatic treatment does not prevent the progression of the disease. This 
treatment may involve diet, vestibular therapy, and drug treatment [11]. In acute 
vertigo crisis, drugs that block the vestibular reflexes in the vestibule-cerebral shaft can 
be used. They are chlorpromazine, cinnarizine, promethazine, and diazepam [5, 14].

The endolymphatic hydrops found in MD is treated aiming to prevent its 
progression. In this way, there is a low sodium diet and use of diuretics, such as 
furosemide and hydrochlorothiazide [6].

Vasodilators are used for long-term treatment based on the fact that the hydrops 
can be caused by ischemia of the stria vascularis. Currently, the medical treatment 
of maintenance is betahistine with or without diuretic [6, 10].
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5. Symptomatic chemical-surgical treatment

Studies have shown that the toxic effects of aminoglycosides in the sensorineural 
epithelium of the inner ear, particularly in the labyrinth, can be considered as a 
therapy for MD [6, 10].

In cases of MD with bilateral vestibular symptoms is difficult to control and 
with important hearing loss, has already been given in the past to ablation of the 
maze with systemic aminoglycosides because they control the vertigo. However, 
the cumulative doses of aminoglycosides increase the risk of ototoxicity with 
permanent cochlear damage and the possibility of causing ataxia and oscillopsia. 
Currently, with the possibility of injecting substances via transtympanic route, the 
indications for systemic use of aminoglycosides are limited [15].

6. Surgical treatment

In about 70% of the cases, MD evolves to progressive hearing loss with improve-
ment to the vestibular symptoms. For the other 30% who do not present an 
improvement of vestibular symptoms, even with the clinical treatment, surgical 
treatment should be thought.

The decision to operate and the choice of procedure are often dictated by the 
understanding and experience of each surgeon [3]. Surgical treatment to be considered 
varies from conservative to destructive, depending on whether or not there is a hearing 
loss [3]. The surgery that is the most popular is the endolymphatic sac decompression, 
and it is known as a conservative surgical procedure and is widely accepted.

This surgery was first described by Portmann, in 1927, but the precise role by 
which the surgery works remains undefined [16]. Among the destructive surgical 
treatments, we have a vestibular neurectomy, the cochleo-sacculotomy, the transca-
nal labyrinthectomy, or postauricular labyrinthectomy [4].

7. Transtympanic treatment

The use of systemic aminoglycosides was replaced by intratympanic gentamycin 
instillations that are administered once a day by a limited number of days. The 
intratympanic administration of drugs for the treatment of the MD was primarily 
described by Schuknecht in 1957 [17]. The intratympanic injections of gentamicin 
provide a high rate of success in the control of vertigo with reduced number of side 
effects on hearing [18, 19].

The intratympanic injections of gentamicin were proposed by Stokroos. After 
anesthesia of the tympanic membrane, gentamicin is administered in the middle ear 
through a fine needle of lumbar puncture in a fixed dose of 30 mg/ml [20, 21].

One other substance that can be used is steroid, which may decrease the inflam-
matory reaction in the inner ear, thus decreasing the endolymphatic hydrops. It 
has been reported that the use of corticosteroids may help to control the inner ear 
dysfunction, thereby decreasing vestibular symptoms up to 91% of MD patients 
(with 1–4 injections of dexamethasone at a concentration of 12 mg/ml) [22, 23].

Another substance to be injected is methylprednisolone, with higher concen-
trations and with the possibility to last longer in the perilymph. However, many 
authors described data suggesting same effectiveness of both steroids [24, 25].

Both gentamicin and steroids are absorbed by perilymph through the round 
window membrane (which is semipermeable), the annular ligament of the oval 
window, and by the small lacunar mesh that surrounds the inner ear [25].
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A randomized, double-blind controlled study compared the use of trans-
tympanic gentamicin (40 mg/ml) and corticosteroids (methylprednisolone 
[62.5 mg/ml]), and no difference was observed regarding the effectiveness of 
both groups of treatments [26].

8. Injection protocols

1. Patient positioned at supine position;

2. Head is positioned in a slightly hyper-extension with 30o contralateral rotation;

3. Instillation 2% lidocaine in ear canal, removing completely after 15 min;

4. Under microscopic examination, tympanic membrane is anesthetized with 
80–90% phenol solution at inferior and posterior tympanic membrane quadrant;

5. In few minutes, the transtympanic access could be performed using a spinal 
needle and a flexible catheter mounted on an insulin syringe;

6. Slow instillations of 1 ml of 26–40 mg/ml, not buffered with bicarbonate 
sodium in two 0.5 ml injection with 30 min apart;

7. Patient remained motionless for 30 min.

This protocol can be repeated each week or monthly for six times.
To maintain auditory function, patients must be evaluated with tone pure audi-

ometry on every 2 weeks or before beginning each section. The treatment must be 
stopped in case of hearing thresholds becoming higher than 10 dB or in a case of 
decreasing in speech audiometry of more than 15%. A supportive drug treatment 
may be necessary until the vertigo control. A pretreatment auditory test is very 
important. The bone conduction pure tone thresholds average (0.5, 1.0, 2.0, and 
3.0 kHz) is considered and repeated every 2 weeks and 2 weeks after treatment. 
The final audiometric exam is performed up to 12 months after transtympanic 
protocol initiation.

The success rate in transtympanic injection of gentamicin is about 87% in 
vertigo control, being a simple and safe procedure with few risks to hearing loss and 
tympanic membrane perforation [24, 27].
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Chapter 5

Intratympanic Gentamicin 
Treatment for Ménière’s Disease
Yongchuan Chai and Hongzhe Li

Abstract

Ménière’s disease (MD) is an inner-ear disease mostly characterized by frequent 
spontaneous vertigo and fluctuating sensorineural hearing loss. The main purpose 
of treatment for MD is to reduce or control the vertigo while maximizing the 
preservation of hearing. Among the various treatments, one that is effective for 
refractory MD, intratympanic gentamicin (ITG), relies on its ototoxic property to 
effectively control the vertigo symptoms of most patients. ITG treatment has rela-
tively few side effects compared with surgically destructive treatments, but it also 
carries a nonnegligible risk of sensorineural hearing loss. So far, there is no consen-
sus on the dosage and treatment duration of ITG. Most researchers recommend that 
intratympanic injection of gentamicin is more suitable for patients with unilateral 
onset and impaired hearing function, who are younger than 65 years old, as well as 
with frequent and severe vertigo attacks, and ineffective prior conservative treat-
ment. Before an ITG treatment, patients should be adequately informed about the 
risk of hearing loss, and in order to reduce the risk of deafness, low drug dose and 
long intervals between injections are recommended. In short, to administer an ITG 
injection, multiple factors should be comprehensively considered including patient 
selection, pharmacological mechanism, drug dose, the interval of administration, 
complications, indications, and contraindications.

Keywords: intratympanic, gentamicin, Ménière’s disease, management, 
aminoglycosides, vertigo, vestibulotoxicity, ototoxicity

1. Introduction

Ménière’s disease (MD), also called idiopathic endolymphatic hydrops, is one 
of the most common causes of dizziness originating in the inner ear. The typical 
clinical manifestations are frequent spontaneous vertigo, fluctuating sensorineural 
hearing loss, tinnitus, and/or aural fullness. Vertigo is typically the most debilitat-
ing symptom, and control of vertiginous episodes is the primary goal of therapeutic 
interventions for most patients.

There are numerous available therapeutic options for MD including conservative 
treatments with dietary modifications, oral medication, procedural treatments with 
intratympanic therapies, and surgical treatments. A failure of conservative therapy 
often introduces the need for a more aggressive therapy on the treatment algorithm.

Surgical intervention or intratympanic aminoglycosides can be used in patients 
with intractable vertigo, which, ideally, should control the vertigo while preserv-
ing the hearing level and balance. The side effects of aminoglycosides are well-
know. The risks of vestibular and cochlear toxicity are mainly related to types of 
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aminoglycosides, route of administration, duration of the therapy, total or cumula-
tive dose, individual susceptibility, renal function, patient’s age, etc.

In 1948, Fowler [1] first used systemic streptomycin to treat vertigo attacks 
in patients with intractable MD. The results showed that vertigo attacks could be 
well controlled, but treatment carried the risks of bilateral vestibulopathy, neph-
rotoxicity, and unpredictable results. In 1957, Schuknekt [2] may have been the 
first to use intratympanic streptomycin to alleviate vertigo attacks in patients with 
unilateral intractable MD, and it was firstly named “chemical labyrinthectomy”. 
Intratympanic gentamicin (ITG) for the treatment of severe vertigo was reported 
by Lange [3]. The initial approach was complete vestibular ablation to control the 
vertigo. However, with this approach, the hearing was at a greater risk. Over the 
past decades, the pharmacological mechanisms of aminoglycosides have been 
progressively studied in depth and clinical trials have been extensively developed.

At present, intratympanic injection of gentamicin is probably the most effective 
non-surgical treatment to eradicate vertigo in MD and is gradually gaining popular-
ity in the worldwide. Compared with the treatment regimen decades ago, several 
modifications for ITG treatment have emerged regarding the concentration of the 
gentamicin solution, the frequency of injections, and the method of delivery. In 
this chapter, the history, background, and progression of ITG treatment for MD 
are discussed, as well as the basic science, therapeutic method, treatment efficacy, 
indications, contraindications, and complications.

2. History of intratympanic gentamicin

Aminoglycosides are highly potent, broad-spectrum antibiotics and are widely 
used by various routes of injection to treat serious infections caused by Gram-negative 
bacteria (e.g., Pseudomonas aeruginosa, Proteus species, Escherichia coli, Klebsiella-
Enterobacter-Serratia species, and Citrobacter species), and are sometimes used as an 
adjuvant treatment for infections caused by Gram-positive bacteria (e.g., Staphylococcus 
species). The basic chemical structure required for both potency and the spectrum of 
antimicrobial activity of aminoglycosides is that of one, or several, aminated sugars 
joined in glycosidic linkages to a dibasic cyclitol. Aminoglycosides act primarily by 
impairing bacterial protein synthesis through binding to prokaryotic ribosomes [4].

Streptomycin, which was discovered in 1944, is the first aminoglycoside antibi-
otic in human history and was thereafter marked by the successive introduction of a 
series of milestone compounds (kanamycin discovered in 1957, gentamicin in 1963, 
and neomycin in 1970s) which definitively established the usefulness of this class of 
antibiotics for the treatment of Gram-negative bacillary infections. From the 1960s 
to 1970s, aminoglycosides were widely used, but due to their serious ototoxicity 
and nephrotoxicity, their systemic application was limited, and they were gradu-
ally fading out of the ranks of first-line drugs. At the beginning, the most common 
side effect of streptomycin used by intravenous injection was temporary imbal-
ance without vertigo or nystagmus. Higher systemic doses increased the chance of 
permanent imbalance and, occasionally, deafness. These early observations led to 
animal and cadaver studies which confirmed the vestibulotoxic and cochleotoxic 
effects of high-dose streptomycin.

Based on its vestibulotoxicity, streptomycin foremost unveiled its potential in 
the treatment of vestibular diseases. In 1948, about 4 years after streptomycin was 
discovered, Fowler [1] first used systemic streptomycin to treat vertigo attacks in 
patients with intractable MD which was refractory to traditional medical treatment. 
He and others used between 2 and 4 g of intramuscular streptomycin per day in 
patients with unilateral or bilateral MD, typically until onset of severe imbalance, 
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and reported that vertigo attacks could be well controlled without loss of hearing. 
Often, and especially with higher dosing, vertigo control was accompanied with the 
troubling symptoms of permanent, severe imbalance, and oscillopsia.

In 1957, Schuknecht [2] may have been the first to use intratympanic streptomy-
cin to alleviate vertigo attacks in patients with unilateral MD that was uncontrolled 
by traditional medical management. He conceived of this idea after noting that 
intratympanic formalin will readily pass into the inner ear and prevented post-
mortem degeneration of the inner ear membranous structures in patients. He 
correctly theorized that streptomycin could also pass into the inner ear and devised 
a cat animal model that demonstrated clinical and pathologic vestibulotoxicity with 
intratympanic streptomycin. Based on these results, he devised a clinical trial of 
intratympanic streptomycin administration to patients with uncontrolled unilateral 
MD. He administered variable amounts of streptomycin (between 0.125 and 0.5 g), 
either hourly or over 4 hours, over a variable amount of days. The first group of 
three patients who received 1 or 2 days of treatment achieved only brief control of 
their vertigo, but did not lose any hearing. Subsequently, an additional group of five 
patients received streptomycin for 3 days or longer. These patients had permanent 
resolution of their vertigo episodes, but at the cost of deafening the ear. Schuknekt 
coined the term “chemical labyrinthectomy” to describe this phenomenon. He 
concluded that intratympanic streptomycin at the therapeutic dosage failed to pre-
serve hearing, and should only be considered for patients who are not good surgical 
candidates, but would otherwise be proper candidates for inner ear ablation [2].

With the administration of intratympanic aminoglycosides, chemical ablation of 
the inner ear via systemic administration of aminoglycosides fell into disfavor due to 
the side effects of bilateral vestibulopathy, nephrotoxicity, and unpredictable results. 
However, choosing which kind of aminoglycoside for intratympanic injection has 
gradually changed. In 1977, Lange [3] appears to be the first to have used IT adminis-
tration of gentamicin. He reported about 55 patients suffering from severe unilateral 
MD, seen over a period of 3–10 years. Patients were treated with intratympanic 
administration of streptomycin or better, gentamicin. The medication was given 
using a plastic tube inserted behind the annulus within the transmeatal approach, 
and 0.1 ml gentamicin (earlier streptomycin) was instilled every 5 hours until the 
first signs of inner ear reaction (nystagmus or vertigo) appeared. In 90% of the 
cases, vertiginous attacks ceased after therapy, and hearing was preserved in 76%.

Entering the 1990s, intratympanic gentamicin had gained widespread popular-
ity in the treatment of MD. Compared with streptomycin, ITG for treatment of MD 
provided equivalently excellent vertigo control while showing a lower incidence of 
hearing loss in early clinical data. Gentamicin gained popularity over streptomycin 
and gradually came to be the drug of choice for chemical ablation of inner ear.

In 1993, Nedzelski et al. [5] studied 50 patients with unilateral MD by treatment 
of microcatheter administration of streptomycin over a 5 h treatment, 4 treatments 
within 48 hours, and the rate of vertigo control was up to 96%; only 24% of his 
patients experienced various degrees of hearing loss. Although streptomycin was 
being used in the study, he advocated for using gentamicin instead for its theoretical 
reduction of cochleotoxicity.

Beck and Schmidt [6] reported on their 10 years of experience with intratym-
panally applied streptomycin and gentamicin in the therapy of MD. They theorized 
that the dosage might be a critical factor for hearing preservation with vertigo 
control. Aminoglycosides could be titrated to impede the secretory epithelium 
of the vestibular apparatus without destroying the sensory cells, thus achieving 
vertigo control while maintaining caloric response, that is, vestibulo-ocular reflex. 
More importantly, risk of deafness could potentially be eliminated. By reducing the 
dosage delivered and titrating, they were able to achieve excellent rates of vertigo 
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control (92%) while also achieving respectable hearing preservation rates (15% 
hearing loss with no cases of deafness).

During the same era, around the early 1990s, two schools of thought emerged 
in an effort to standardize ITG treatment, dubbed the “shotgun” approach, and 
the “low-dose” approach. The shotgun approach, championed by Nedzelski and 
others [5], was characterized by daily IT injections to a fixed endpoint or to a clini-
cal threshold that heralded damage to the inner ear. Proponents of this approach 
attempted to achieve adequate vestibular ablation for long-term vertigo control. The 
low-dose approach, championed by Magnusson and others [7], was characterized 
by weekly IT injections, also to a fixed endpoint or to clinical effect. Proponents of 
this approach tried to achieve vertigo control while minimizing damage to hearing 
and potentially preserving the caloric response as well.

Today, intratympanic injection of gentamicin is probably the most effective non-
surgical treatment to eradicate vertigo in MD. Yet, it is an ablative method that car-
ries a non-negligible risk of hearing loss. Currently, gentamicin is usually instilled 
via IT injection or through a tympanostomy tube to the round window niche. These 
injections are repeated over a variable amount of time, typically between daily to 
weekly injections, until a clinical endpoint is achieved or until there is a decline in 
hearing. No consensus has been reached so far on the overall dosage, dosing meth-
ods, timing of delivery, treatment duration, clinical endpoint of therapy, or con-
centration of gentamicin. Both clinical evidence and basic science models should be 
further studied to scientifically elicit the most effective and safe regimen.

3. Mechanism of action

Aminoglycoside antibiotics have a well-documented history of cochleotoxic and 
vestibulotoxic effects. Administration of intratympanic aminoglycoside antibiotics 
to patients with MD is based on the notion that the patient’s vestibular symptoms 
are due to the damaged and distorted vestibular signals emanating from their ear 
and that they are better off with no signal than with a damaged and distorted sig-
nal. The objective of ITG is to weaken vestibular signals in the Ménière’s ear to the 
point at which they are no longer strong enough to generate a vertigo attack. Ideally, 
aminoglycosides would act to reduce vestibular function, and thus alleviate the 
patient’s symptoms of vertigo, while preserving hearing. The degree to which a drug 
is cochleotoxic or vestibulotoxic differs among aminoglycosides. Gentamicin and 
streptomycin, for instance, are reported to be more vestibulotoxic. Other amino-
glycosides, such as amikacin, are considered to be relatively more cochleotoxic and 
thus are not used transtympanically. The best evidence for this is the simple clinical 
observation that patients undergoing systemic gentamicin or streptomycin therapy 
experience vestibulopathy much more commonly than hearing loss. This feature 
has been used by otologists to control the vestibular symptoms of MD, initially 
provided through systemic delivery by Fowler [1] and subsequently through IT 
injections by Schuknecht [2, 8]. Use of streptomycin has been largely replaced by 
gentamicin which is thought to be more selectively vestibulotoxic and better able 
to preserve residual hearing in patients with unilateral MD refractory to medical 
management [9, 10].

Within the bony labyrinth, several studies have investigated the trafficking and 
distribution of aminoglycosides, finding different patterns of distribution depen-
dent upon the dose, duration, and route of administration. IT-injected aminogly-
cosides appear to gain access to the inner ear via the oval window and the round 
window [11, 12], and uptake either by passive diffusion or by endocytosis [13, 14].  
Salt et al. recently quantified diffusion of gentamicin through the oval (35%) 
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versus the round window (57%) [12, 15]. Access to these membranous structures is 
however uncertain, partly due to their variable permeability in individuals, result-
ing in unpredictable drug exposure of the inner ear [16–18]. Similar mechanisms 
of cellular trafficking (active diffusion and endocytosis) have been proposed in the 
transport of aminoglycosides into cells of the inner ear [19].

Once the drug crosses the oval window and the round window, the situation 
becomes more complex and the precise mechanism by which aminoglycosides exert 
their toxic effects on hair cells is unknown, to date. Previous animal studies showed 
that in the cochlea, sensory hair cells, the spiral ligament including the stria vascu-
laris, and spiral ganglion cells had a very early uptake of gentamicin. Similarly, hair 
cells, dark cells, and vestibular ganglion cells are the primary targets in the vestibu-
lar system. This may demonstrate that gentamicin most likely diffuses across the 
inner ear membranes, readily achieving concentrations within the scala vestibuli, 
cochlear duct, and vestibule and then exerts its cellular toxicity.

Multiple mechanisms, including disruption of calcium-dependent cytokine 
production resulting in the damage to hair cell membrane integrity, increased 
superoxide production, hair cell transduction blockage, glutamate decarboxylase 
inhibition, ornithine decarboxylase inhibition, and free radical damage, all have 
been developed to explain aminoglycosides’ direct toxicity to hair cells [10, 20, 21].  
While most cells of the inner ear demonstrate aminoglycoside penetration, several 
studies have identified preferential loss of the hair cells at the basal turn of the 
cochlea over the apical hair cells and vestibular type I hair cells over their type II 
counterparts [22–26]. Direct damage to the spiral ganglion has also been observed 
[27] and histologic studies in rhesus monkeys suggest relative sparing of the 
maculae [28].

In parallel to previous findings, several studies have demonstrated that direct 
application of gentamicin into the vestibular labyrinth also causes greater loss of 
type I versus type II vestibular hair cells [29, 30]. Recently, Lyford-Pike et al. [26] 
used the animal model, chinchilla, to provide the evidence that the selective loss 
of type I hair cells assuredly occurred because these cells preferentially accumulate 
gentamicin acutely after intratympanic administration. Type II hair cells and sup-
porting cells concentrate substantially less gentamicin. These results might theoreti-
cally ameliorate the more profound symptom of vertigo (driven by type I hair cells) 
while preserving cochlear function.

Aminoglycosides may also act to inhibit production of endolymph, restoring 
the balance between endolymphatic and perilymphatic pressure. This would also 
act to alleviate all symptoms of endolymphatic hydrops. Additionally, aminogly-
cosides are theorized to cause selective damage to the cells of the cochlear stria 
vascularis and planum semilunatum in the cristae ampullae of the semicircular 
canals, which are involved in ionic regulation and endolymph production [31]. It is 
also known that gentamicin utilizes the cellular machinery of endolymph produc-
tion to traffic into the inner ear after systemic administration [32]. The theory 
that vestibular dark cells and, thus, endolymphatic flow, are the targets by which 
aminoglycosides alleviate vertigo is of significant clinical interest because it sug-
gests that it is not necessarily important to ablate the vestibule to achieve vertigo 
control in MD. This idea can explain why patients with intact caloric responses 
can still achieve significant vertigo control after intratympanic aminoglycoside 
administration.

In conclusion, direct toxicity to vestibular hair cells and direct toxicity to the 
endolymph producing apparatus might be the two major mechanisms of action by 
ITG. Most importantly, gentamicin has been proved to be more vestibulotoxic than 
cochleotoxic in humans. The inner ear toxicity of gentamicin might follow an order. 
Secretory dark cells of the vestibule might be the first to be damaged, followed by 
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control (92%) while also achieving respectable hearing preservation rates (15% 
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gentamicin which is thought to be more selectively vestibulotoxic and better able 
to preserve residual hearing in patients with unilateral MD refractory to medical 
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Within the bony labyrinth, several studies have investigated the trafficking and 
distribution of aminoglycosides, finding different patterns of distribution depen-
dent upon the dose, duration, and route of administration. IT-injected aminogly-
cosides appear to gain access to the inner ear via the oval window and the round 
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used the animal model, chinchilla, to provide the evidence that the selective loss 
of type I hair cells assuredly occurred because these cells preferentially accumulate 
gentamicin acutely after intratympanic administration. Type II hair cells and sup-
porting cells concentrate substantially less gentamicin. These results might theoreti-
cally ameliorate the more profound symptom of vertigo (driven by type I hair cells) 
while preserving cochlear function.

Aminoglycosides may also act to inhibit production of endolymph, restoring 
the balance between endolymphatic and perilymphatic pressure. This would also 
act to alleviate all symptoms of endolymphatic hydrops. Additionally, aminogly-
cosides are theorized to cause selective damage to the cells of the cochlear stria 
vascularis and planum semilunatum in the cristae ampullae of the semicircular 
canals, which are involved in ionic regulation and endolymph production [31]. It is 
also known that gentamicin utilizes the cellular machinery of endolymph produc-
tion to traffic into the inner ear after systemic administration [32]. The theory 
that vestibular dark cells and, thus, endolymphatic flow, are the targets by which 
aminoglycosides alleviate vertigo is of significant clinical interest because it sug-
gests that it is not necessarily important to ablate the vestibule to achieve vertigo 
control in MD. This idea can explain why patients with intact caloric responses 
can still achieve significant vertigo control after intratympanic aminoglycoside 
administration.

In conclusion, direct toxicity to vestibular hair cells and direct toxicity to the 
endolymph producing apparatus might be the two major mechanisms of action by 
ITG. Most importantly, gentamicin has been proved to be more vestibulotoxic than 
cochleotoxic in humans. The inner ear toxicity of gentamicin might follow an order. 
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the vestibular neuroepithelium and the afferent vestibular fibers, and finally, the 
hair cells of the organ of Corti are destroyed [33, 34].

4. Therapeutic method and treatment efficacy

Ménière’s disease is manifested by episodic vertigo, tinnitus, aural fullness, and 
fluctuating hearing loss. The treatment of patients with MD is usually directed 
at the most disabling symptom, which is the debilitating vertigo. MD treatment 
protocols typically measure vertigo control according to AAO-HNS Committee on 
Hearing and Equilibrium guidelines for grading vertigo severity [35]. Often, clinical 
trials also attempt to assess other disease sequelae such as hearing loss, tinnitus, and 
aural fullness.

As a well-known relapsing-remitting disease, it is rather difficult to accurately 
evaluate the efficacy of ITG in treatment of MD. Firstly, the natural history of 
remission and exacerbation of symptoms make evaluation of the effectiveness of 
treatment remarkably difficult. Commonly, vertigo attacks can improve without 
treatment of any kind as periods of remission are not uncommon. Thus, a clinical 
trial without controls will not account for this finding. Another difficulty is that 
clinical researchers attempt to show hearing preservation with IT gentamicin pro-
tocol, but hearing tends to worsen over time in MD regardless of treatment. Finally, 
the variable nature of MD with fluctuation in levels of hearing and even frequency 
and severity of vertigo can make clinical trials difficult.

To date, there have only been a few interventional randomized controlled trials 
investigating the true efficacy of ITG in the treatment of MD. In 2004, the first 
prospective, double-blind, randomized clinical trial of intratympanic gentamicin 
versus intratympanic buffer solution (placebo) in patients with active MD was 
reported by Stokroos et al. [36]. They performed ITG injections with buffered 
gentamicin (30 mg/ml) every 6 weeks until the vertigo complaints disappeared (12 
patients received gentamicin versus 10 for placebo), outcome measures included 
the number of vertiginous spells, degree of sensorineural hearing loss, labyrinthine 
function, and labyrinthine asymmetry. Compared to the placebo group, topical 
gentamicin provided a significant improvement in the number of vertiginous 
attacks per year at follow up which varied between 6 and 28 months. There was 
no statistically significant change in hearing or other outcomes in two groups. 
However, hearing had a tendency to deteriorate in the placebo-treated patients, due 
to the natural course of the disease, which suggests that early treatment with topical 
gentamicin may preserve residual sensorineural hearing in active MD.

In 2008, Postema et al. [37] reported another prospective, double-blind, ran-
domized, placebo-controlled trial associated with ITG therapy for control of vertigo 
in unilateral MD. They used weekly injections of 0.4 ml of gentamicin (30 mg/ml). 
A total of 4 injections were given through a ventilation tube (16 patients received 
gentamicin and 12 received a placebo). The results showed that gentamicin treat-
ment resulted in a significant reduction of the score for vertigo complaints (includ-
ing vertigo severity) and the score for perceived aural fullness. They also noted that 
a small increase in hearing loss (average of losses at 0.5, 1, 2, and 4 kHz: 8 dB HL) 
was measured in the gentamicin group.

In 2016, Patel et al. [38] performed a randomized, double-blind, comparative 
effectiveness trial of intratympanic methylprednisolone (n = 30) versus gentamicin 
(n = 30) in patients with refractory unilateral MD. Patients were randomly assigned 
(1:1) to two intratympanic methylprednisolone (62.5 mg/ml) or gentamicin (40 mg/ml)  
injections given 2 weeks apart, and were followed up for 2 years. In the methylpred-
nisolone group, complete vertigo control (Class A) was achieved in 21/30 patients 
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(70%) compared to 25/30 (83.3%) in the gentamicin group. After methylpredniso-
lone, 22 patients (78.5%) experienced an improved functional level score and 8 
patients (28.7%) better pure-tone hearing and speech discrimination. There were also 
reductions for tinnitus, dizziness, and aural fullness. Fifteen patients (50%) required 
further courses of methylprednisolone. Two patients were deemed treatment fail-
ures and were assigned ITG treatment. The study showed no significant difference 
between the methylprednisolone and gentamicin for the control of vertigo, total 
number of injections, number of patients with relapsing vertigo, or the amount of 
pain from injection but better speech discrimination after methylprednisolone.

Based on the above prospective, double-blind, randomized controlled clinical 
trials, intratympanic gentamicin, as a medically ablative method, seems to be the 
most effective non-surgical treatment to eradicate vertigo in intractable MD, but 
with a potential risk of hearing loss. However, there is no consensus on the treat-
ment protocol of ITG, especially for the concentration of gentamicin, dosage in 
each application, number of injection, and the time interval between two doses.

In the over 40 years of clinical trials in the treatment of MD by ITG, the major-
ity are case series without controls, mainly because of the significant difficulties in 
conducting the randomized controlled clinical trials or case/control trials [33]. In 
earlier studies, the highest rate of vertigo control was reported with daily injections 
or multiple titrations. On the other hand, considerable hearing loss was experienced 
in several studies. Moller et al. [39] treated 15 patients with disabling MD with daily 
injections for periods ranging from 3 to 11 days. They achieved 93.4% of vertigo 
control, but also 33.4% of hearing loss. They reported that none of the patients were 
responsive to caloric stimulation. Laitakari [40] reported 90% of vertigo control 
and 45% of hearing loss in 20 patients who had daily ITG for a minimum of 3 con-
secutive days. Parnes and Riddell [41] reported 41.7% worsening of the hearing in 
their group of patients who received three daily injections within 4 days. Murofushi 
et al. [42], using several daily injections, reported hearing loss in 30% of cases. 
Corsten et al. [43] reported 81% vertigo control but 57% hearing loss in patients 
(n = 21) who had gentamicin instillation 3 times a day for 4 consecutive days. 
Kaplan et al. [44] reviewed the 10-year long-term results of 114 patients treated 
with gentamicin instillation 3 times a day for 4 consecutive days. They achieved 
93.4% of vertigo control and 25.6% of hearing loss.

In the early 2000s, regarding patients with hearing deterioration and even 
those becoming deaf, there was a discussion about reducing the gentamicin dose 
or performing the application at longer intervals. Daily titration methods were 
abandoned. Transtympanic gentamicin therapy was modified to weekly or monthly 
intervals as “needed” or “on demand” to reduce the symptoms of MD, aiming to 
maintain cochlear as well as vestibular function. Harner et al. [45] reported a very 
high rate of vertigo control with preservation of hearing in 43 patients. There 
were no patients with changes in cochlear function and ablation of the labyrinth. 
All patients received one injection, and half of them received a repeat injection 
1 month after therapy. Minor [46] used gentamicin on weekly intervals until the 
development of spontaneous nystagmus, head-shaking nystagmus, or head thrust 
sign. Vertigo was controlled in 91% of the patients, and profound hearing loss only 
occurred in 1 patient. Atlas and Parnes [47] reviewed the outcomes of 83 patients 
who received weekly injections. They reported hearing loss in 17% of the patients, 
with vertigo control in 84%. Martin and Perez [48] reported vertigo control in 
83.1% of the patients and hearing loss in 15.5% of them after gentamicin at weekly 
intervals. De Beer et al. [49] reported 15.8% with hearing loss and 80.7% with 
vertigo control after, between 1 and 10, intratympanic injections at a minimum 
interval of 27 days. Casani et al. [50] reported 12% hearing loss after a maximum of 
2 injections of gentamicin and 81% vertigo control.
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the vestibular neuroepithelium and the afferent vestibular fibers, and finally, the 
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aural fullness.
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clinical researchers attempt to show hearing preservation with IT gentamicin pro-
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attacks per year at follow up which varied between 6 and 28 months. There was 
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However, hearing had a tendency to deteriorate in the placebo-treated patients, due 
to the natural course of the disease, which suggests that early treatment with topical 
gentamicin may preserve residual sensorineural hearing in active MD.

In 2008, Postema et al. [37] reported another prospective, double-blind, ran-
domized, placebo-controlled trial associated with ITG therapy for control of vertigo 
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A total of 4 injections were given through a ventilation tube (16 patients received 
gentamicin and 12 received a placebo). The results showed that gentamicin treat-
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ing vertigo severity) and the score for perceived aural fullness. They also noted that 
a small increase in hearing loss (average of losses at 0.5, 1, 2, and 4 kHz: 8 dB HL) 
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patients (28.7%) better pure-tone hearing and speech discrimination. There were also 
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further courses of methylprednisolone. Two patients were deemed treatment fail-
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In the over 40 years of clinical trials in the treatment of MD by ITG, the major-
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or performing the application at longer intervals. Daily titration methods were 
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intervals as “needed” or “on demand” to reduce the symptoms of MD, aiming to 
maintain cochlear as well as vestibular function. Harner et al. [45] reported a very 
high rate of vertigo control with preservation of hearing in 43 patients. There 
were no patients with changes in cochlear function and ablation of the labyrinth. 
All patients received one injection, and half of them received a repeat injection 
1 month after therapy. Minor [46] used gentamicin on weekly intervals until the 
development of spontaneous nystagmus, head-shaking nystagmus, or head thrust 
sign. Vertigo was controlled in 91% of the patients, and profound hearing loss only 
occurred in 1 patient. Atlas and Parnes [47] reviewed the outcomes of 83 patients 
who received weekly injections. They reported hearing loss in 17% of the patients, 
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83.1% of the patients and hearing loss in 15.5% of them after gentamicin at weekly 
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2 injections of gentamicin and 81% vertigo control.
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Most recently, Vlastarakos et al. [51] published a systematic review looking at 
sustained-release delivery of IT gentamicin (dynamic-release versus sustained-
release vehicles). Dynamic release (microcatheter at the round window) was 
found to provide satisfactory vertigo control in 89.3% (70.9% reporting complete 
control). Sustained-release preparations (gentamicin-soaked wick/pledget) 
provided 82.2% satisfactory control in the pool of patients (75% with complete 
control). In patients receiving sustained-release preparations, complete hearing 
loss was reported in 31.1% patients with another 23.3% of patients experienc-
ing partial hearing loss. This adverse change in hearing was unacceptably high, 
reinforcing the suggestion of using a sustained-release vehicle only in patients 
who had failed IT gentamicin injections previously or those without serviceable 
hearing.

Commonly, intratympanic injection under otoscope or microscope is a simple 
and recommendable technique. The desired amount of gentamicin is injected over 
the round window through the posterosuperior quadrant of the tympanic mem-
brane. There are two common doses of gentamicin for injection. The standard 
intravenous preparation of gentamicin is 40 mg/ml, which can be buffered with 
8.4% sodium bicarbonate so that discomfort on injection is reduced. A total of 
1.5 ml of gentamicin mixed with 0.5 ml of sodium bicarbonate at these concentra-
tions will produce a final concentration of 26.6 mg/ml gentamicin. Approximately 
0.3–0.5 ml of solution is usually adequate to bathe the round window in solution. 
Typically, patients will remain lying flat with the injected ear up for 10 min to 1 
h. This procedure is generally well tolerated by patients, who should be told to 
expect brief pain on injection, followed by possible vertigo or disequilibrium. 
Warming the medication can help in this regard (preventing a cold caloric 
response).

Based on the combination of current clinical practice, basic science models, 
and results from clinical trials, low drug dose and long interval between injections, 
mainly in order to reduce the risk of deafness, are reasonably encouraged. The low 
dose method involves using 1–2 injections of gentamicin and waiting a month or 2 
weeks between injections. The rate of vertigo control may be up to 80–90%, with no 
significant side effects. The second injection is given only if there has been a vertigo 
spell 2 weeks prior. In other words, instead of titrating to the onset of damage to the 
vestibular system, the criterion is a positive effect on the disease. Occasionally, a 
third dose is given.

In short, whatever technique is used, the goal is to apply gentamicin to the round 
window in sufficient concentration and over a sufficient amount of time that it 
achieves a therapeutic effect while avoiding both local and systemic side effects, 
especially hearing loss.

5. Indications and contraindications

Not all patients with MD can be treated with ITG. Based on the international 
consensus on treatment of MD obtained from the IFOS meeting 2017 [52], 
MD should be treated with a step-by-step therapy. The first line of treatment 
includes the medical conservative treatment, such as dietary modification and 
oral medicine. After this line of treatment, 80% of patients with MD are cured 
or in remission. When the vertigo of MD fails to be controlled by the first-line 
treatment for more than 6 months, it will be regarded as intractable MD. Then 
the second line is the IT injections, mainly IT steroids as a conservative treat-
ment and ITG in the case of IT steroid failure, and preferentially in patients 
with hearing impairment. After the second line treatment, 90–95% of the total 
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patients are cured or in remission. The third line is the surgical, either conserva-
tive or destructive, treatment. For unilateral intractable MD with serviceable 
hearing (i.e., speech reception threshold better than 50 dB HL and speech dis-
crimination score of more than 50%) in the treated ear, treatment protocol with 
an injection repetition not shorter than 1 week between adjacent injections or 
one with injections on a monthly basis as “needed” is preferred. These methods 
provide the same level of vertigo control yet offer better preservation of hearing 
functions [33].

The best indication for ITG treatment appears to be the control of vertigo in 
profound hearing loss or non-serviceable ears, in which speech reception thresh-
old is worse than 50 dB HL and speech discrimination score less than 50% [53, 
54]. Under these scenarios, there is no need to consider the risk of deafness, and 
titration methods or multiple injections on a daily basis are preferred, since these 
methods have significantly elevated incidence of hearing loss [33]. Transmastoid 
labyrinthectomy has traditionally been offered for non-serviceable ears in patients 
with MD. This method has been the gold standard, and it is very effective in 
eradication of vertigo in more than 94% of patients. In comparison, ITG therapy 
provides a minimally invasive ambulatory substitute with low morbidity and 
fewer side-effects, which is also very cost effective to manage vertigo in these MD 
patients with non-serviceable ears [53].

Another important indicator is the control of vertigo in patients who have failed 
endolymphatic sac surgery. Marzo and Leonetti [55] have shown the effectiveness 
of ITG therapy for patients who have failed endolymphatic sac surgery, thus reduc-
ing the need for vestibular neurectomy in those with intractable disease.

To be allergic and hypersensitive to aminoglycosides are two absolute contra-
indications for ITG. It is worth noting that patients who carried the mitochondrial 
mutation of the gene MT-RNR1 (mitochondrially encoded 12S ribosomal RNA) 
are hypersensitive to aminoglycosides. A single injection of aminoglycosides 
results in complete and definitive deafness in subjects with this mutation [56]. A 
systematic genetic screening of MD patients is highly recommended to prevent 
the occurrence of bilateral deafness. The treatment is intended for the abolition 
of vestibular function; thus, administration of gentamicin must be done carefully 
in the elderly, who have difficulty attaining vestibular compensation, in patients 
with complications, or in those with bilateral MD. Taking also into consideration 
the fact that individual’s drug sensitivity depends on their genetic background, 
investigation of appropriate drug levels according to evidence-based medicine 
remains a future task.

6. Complications

The complications of ITG treatment are primarily bi-fold: one is the risk 
caused by drug toxicity of gentamicin, the other is the risk caused by intratym-
panic injection. Undoubtedly, the main risk of ITG treatment for vertigo is the 
sensorineural hearing loss and associated prolonged disequilibrium and ataxia, 
which are common complaints after this treatment. Less common side effects 
include local hemorrhage, allergic response and tympanic membrane perfora-
tion (especially in an irradiated or otherwise damaged tympanic membrane), 
local discomfort, inflammation, otitis media or externa, and transient vertigo 
caused by a caloric reflex effect from the instilled fluid [38, 57]. It is also criti-
cal to educate all patients who are given intratympanic aminoglycosides that 
bilateral permanent hearing loss is possible, even from one single unilateral 
injection.
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Most recently, Vlastarakos et al. [51] published a systematic review looking at 
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who had failed IT gentamicin injections previously or those without serviceable 
hearing.

Commonly, intratympanic injection under otoscope or microscope is a simple 
and recommendable technique. The desired amount of gentamicin is injected over 
the round window through the posterosuperior quadrant of the tympanic mem-
brane. There are two common doses of gentamicin for injection. The standard 
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spell 2 weeks prior. In other words, instead of titrating to the onset of damage to the 
vestibular system, the criterion is a positive effect on the disease. Occasionally, a 
third dose is given.
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window in sufficient concentration and over a sufficient amount of time that it 
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especially hearing loss.

5. Indications and contraindications

Not all patients with MD can be treated with ITG. Based on the international 
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includes the medical conservative treatment, such as dietary modification and 
oral medicine. After this line of treatment, 80% of patients with MD are cured 
or in remission. When the vertigo of MD fails to be controlled by the first-line 
treatment for more than 6 months, it will be regarded as intractable MD. Then 
the second line is the IT injections, mainly IT steroids as a conservative treat-
ment and ITG in the case of IT steroid failure, and preferentially in patients 
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investigation of appropriate drug levels according to evidence-based medicine 
remains a future task.
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The complications of ITG treatment are primarily bi-fold: one is the risk 
caused by drug toxicity of gentamicin, the other is the risk caused by intratym-
panic injection. Undoubtedly, the main risk of ITG treatment for vertigo is the 
sensorineural hearing loss and associated prolonged disequilibrium and ataxia, 
which are common complaints after this treatment. Less common side effects 
include local hemorrhage, allergic response and tympanic membrane perfora-
tion (especially in an irradiated or otherwise damaged tympanic membrane), 
local discomfort, inflammation, otitis media or externa, and transient vertigo 
caused by a caloric reflex effect from the instilled fluid [38, 57]. It is also criti-
cal to educate all patients who are given intratympanic aminoglycosides that 
bilateral permanent hearing loss is possible, even from one single unilateral 
injection.
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7. Conclusions

Intratympanic injection of gentamicin is probably the most effective non-
surgical treatment to eradicate vertigo in MD. But it is also an ablative method that 
carries a non-negligible risk of hearing loss. Gentamicin has been proved to be more 
vestibulotoxic than cochleotoxic; direct toxicity to vestibular hair cells and direct 
toxicity to the endolymph producing apparatus might be the two major mechanisms 
of action. To date, no consensus has been reached on the dosage, dosing methods, 
timing of delivery, treatment duration, clinical endpoint of therapy, and con-
centration of gentamicin. However, based on the combination of current clinical 
practice, basic science models, and results from clinical trials, low drug dose and 
long intervals between injections are reasonably recommended. The application of 
gentamicin-induced vestibular ablation has minimized the number of more invasive 
procedures such as unilateral labyrinthectomy and vestibular neurectomy. In com-
parison with surgery, the vertigo control is comparable, the overall cost is reduced, 
and complications are limited. ITG in treating intractable MD has gradually become 
a prevalent therapy during the past decades. However, to administer ITG treatment, 
multiple factors should be comprehensively considered including patient selection, 
pharmacological mechanism, drug dose, the interval of administration, complica-
tions, indications, and contraindications.
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Chapter 6

Surgical Procedures for Ménière’s 
Disease
Ricardo Ferreira Bento and Paula Tardim Lopes

Abstract

The aim of this chapter is to present a literature review on some of the main 
articles describing different interventions for the treatment in patients with pro-
gressive intractable Ménière disease symptoms. Even though each paper presents 
good results in defending its techniques, there have been few well-designed clini-
cal studies, that is, studies involving control groups or long-term observation, in 
the efficacy of surgery with respect to vertigo control and hearing preservation. 
Focusing on presenting the different techniques established in the literature, we dis-
cuss the main indications and results obtained regarding the control of vertigo and 
the audiological outcomes after the procedure. Physicians should offer additional 
treatment strategies for Meniere’s disease patients with a long history of limiting 
symptoms or associated hearing loss. The surgical options for such patients should 
be considered carefully because surgery can damage the ipsilateral ear and the 
hearing function of the contralateral ear is often suboptimal. Its importance is that 
alternatives for treatment can only be offered to a patient when doctor knows them.

Keywords: Ménière’s disease, hearing loss, vertigo, endolymphatic sac, vestibular 
rehabilitation

1. Introduction

Ménière’s disease is a clinical diagnosis based on the 1995 classification by 
the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) 
Committee on Hearing and Equilibrium [1]. The definitive diagnosis of Ménière’s 
disease can be made with specific tests such as audiometry and electrocochleography 
in the exacerbated states of the disease. Recently, a study by Bernaerts [2] showed 
diagnostic evidences with the use of magnetic resonance imaging (MRI) scans, which 
showed an enlargement of the perilymphatic spaces in Ménière’s disease.

The endolymphatic sac physiologically maintains the hydrostatic pressure and 
endolymph homeostasis in the inner ear, and its dysfunction may contribute to the 
pathophysiology of Ménière’s disease. The classic tetrad of symptoms in endolym-
phatic hydrops includes recurrent attacks of vertigo lasting for hours, fluctuating 
hearing loss, auricular fullness, and tinnitus. Ménière’s disease is idiopathic, as 
its aetiology remains unknown. Over the years, different surgical procedures 
for intractable vertigo secondary to Ménière’s disease have been carried out, and 
although many authors consider these procedures effective, some argue that they 
only have a placebo effect. Usually, surgical procedures are indicated in about 20% 
of the patients when the possibilities of treatment with drugs for vestibular reha-
bilitation have already been exhausted [3–6].
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The surgical technique for the treatment of vertigo depends on the diagnostic 
hypothesis, clinical condition, age, and hearing level of the patient.

2. Conservative procedures for Ménière’s disease

This chapter describes the different surgical procedures performed for Ménière’s 
disease. They can be divided into two types: non-destructive surgery, aimed at alter-
ing the disease expression and at reducing the frequency and intensity of vestibular 
drop attacks; and destructive surgery, aimed at controlling vertigo by stopping the 
vestibular function.

The most common procedures are the endolymphatic sac decompression with 
or without the endolymphatic duct opening and shunt in the endolymphatic sac, 
endolymphatic duct blockage, and intratympanic corticosteroid injection.

2.1 Endolymphatic sac decompression and shunt in the endolymphatic sac

Decompression of the endolymphatic sac involves reducing pressure in this 
space. It is considered a conservative procedure because of the low rate of hearing 
loss and the high success rate (around 80% or more) of vertigo control [7, 8].

The first surgical procedure for the treatment of Ménière’s disease was described 
in 1927 by Portmann [9, 10], who first opened the endolymphatic sac to decrease the 
endolymphatic pressure. In 1938, Hallpike and Cairns [11] showed the pathological 
findings of endolymphatic hydrops in post-mortem temporal bones of patients who 
were also diagnosed with Ménière’s disease. These bones showed signs of ischemia 
in the sensory terminal endings at the lateral walls of the membranous labyrinth, 
which could have been caused by the presence of hydrops.

In 1962, William House [12] showed that draining endolymphatic hydrops using 
a subarachnoid shunt had good outcomes. In 1967, Kimura [13] obliterated the endo-
lymph duct and attenuated the endolymphatic hydrops in guinea pigs, following which 
surgeons innovated new techniques of mastoid shunts. In 1976, Paparella [14] described 
a technique that emphasised the need to make a wide incision in the dura mater of the 
posterior fossa to completely decompress the endolymphatic sac and duct, increasing its 
drainage through a valve created in this duct with the placement of a T-tube.

Paparella described that this surgical technique was a modification of the surgi-
cal technique of the endolymphatic sac described by Portmann and showed a 94% 
control rate for vertigo [15].

In a 2014 meta-analysis conducted by Sood et al. [16], the various endolym-
phatic surgical techniques were analysed, along with their efficacy in vertigo 
control and hearing maintenance. The study demonstrated that the decompression 
procedures of the endolymphatic sac both alone and associated with shunt place-
ment in the mastoid were effective, without any statistical difference in the 75% 
control of vertigo symptoms in a short period of 12–24 months.

Bento et al. [17] conducted a retrospective study of endolymphatic sac decom-
pression using the retrolabyrinthine approach in 95 patients with Ménière’s disease 
who did not undergo long-term clinical treatment. In the group with unilateral 
disease, vertigo was controlled in 94.3%, cochlear function significantly improved 
in 14%, and hearing was preserved or improved in 88% of patients. In the group 
with bilateral disease, vertigo was controlled in 85.7%, cochlear function improved 
in 28%, and auditory function was preserved in 71% of patients. Considerable 
improvement in hearing was an improvement of more than 20 dB in the bone 
conduction threshold or improvement by more than 20% in the discrimination 
score (Figures 1 and 2).
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The surgical method of endolymphatic sac decompression and drainage of the 
endolymphatic duct, as previously described by Paparella et al. [18–20], involves 
a broad exposure of the mastoid cortex, wall-up mastoidectomy, and extensive 
removal of the pre-sigmoidal and retrolabyrinthine cells.

A very thin skeletal bone should cover the sigmoid sinus, and a small bone 
island should be left over it to avoid damage from pressure and bleeding. With the 
Trautmann’s triangle fully exposed, the overlying bone is removed with a curette 
or microdissector, and the sac is then identified as a dense white thickening in the 
dura mater pointing toward the lower portion of the posterior semicircular canal. 
Mostly, the sac is clearly differentiated from the adjacent dura mater by its greater 
thickness in the region and lack of blood vessels. After identifying the endolym-
phatic sac, a small aperture is created in it with a paracentesis blade or a scalpel, 
often below the bone border, by retracting the dura mater with a suction tip to 
expose the lumen. To keep the opening intact, a T-shaped silastic sheet is cut to 
about 0.127 mm thickness and positioned in the opening, or a T-tube is used. After 
the procedure, an absorbable gelatine haemostatic sponge is placed in the mastoid 
cavity, and the wound is closed.

2.2 Endolymphatic duct block

In this technique, the sac is not incised. The surgeon dissects the bone around 
the endolymphatic duct to expose it and blocks it with two small titanium clips. 

Figure 1. 
The sac is opened (arrowhead).

Figure 2. 
A silastic sheet (arrow) is placed to keep the sac opened.
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Figure 1. 
The sac is opened (arrowhead).

Figure 2. 
A silastic sheet (arrow) is placed to keep the sac opened.
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The endolymphatic sac gets isolated, so the production and absorption of endo-
lymph in the inner ear balance. Saliba et al. [21] conducted a randomised con-
trolled, non-blinded study comparing this technique with the endolymphatic sac 
decompression and showed that 96.5% of the patients in the endolymphatic block 
group achieved vertigo control compared to 37.5% of the patients in the endolym-
phatic sac decompression group, with no statistical differences between the groups 
in pre- and post-operative auditory thresholds.

In summary, endolymphatic duct blockade has potential as a surgical technique 
that results in good control of vertigo.

2.3 Corticosteroid therapy

In 1986, Brookes [22] showed the presence of high levels of circulating immuno-
complexes in up to 54% of patients with Ménière’s disease. Later, Alleman et al. [23] 
extracted the circulating immunocomplexes from patients with Ménière’s disease 
and exposed them to endolymphatic sac tissue from other patients with the dis-
ease, showing that in only 10% of cases, there was a reaction between the immune 
complexes and tissues. Hence, it is suggested that although the levels of circulating 
immunocomplexes in these patients is high, they can represent an induction (viral, 
allergic, or traumatic) that is greater than an autoimmune phenomenon. Another 
pathophysiological analysis of Ménière’s disease showed that the immune-mediated 
responses in the inner ear, endolymphatic sac, and vascular striae could be the main 
causative factors. In 1997, Shea et al. [24] showed that combined administration 
of systemic and intratympanic dexamethasone completely suppressed vertigo in 
63.4% and significantly improved hearing in 35.4% of patients within 2 years after 
treatment. Later in 2001, Sennaroglu et al. [25] reported that intratympanic perfu-
sion of dexamethasone completely suppressed vertigo in 42.0% and significantly 
improved hearing in 16% of patients within 2 years after treatment.

3. Destructive surgeries for Ménière’s disease

These labyrinthine surgeries cure the patient of vertigo by destroying the final 
vestibular organ. The brain compensates for the loss of vestibular function on 
one side using the contralateral labyrinth, as long as it is functioning properly. 
Destructive labyrinthine procedures have a high risk of destroying the cochlea 
and should be avoided in patients with adequate hearing. Vestibulocochlear nerve 
neurectomy, chemical labyrinthectomy, surgical labyrinthectomy, and sacculotomy 
are common destructive surgeries.

3.1 Vestibulocochlear nerve neurectomy

The neurectomy of the vestibulocochlear nerve for the treatment of Ménière’s 
disease was described in 1933 by Dandy [26]. It is a surgical technique involving a 
selective section of the vestibular nerve at its entrance to the brain to reduce vertigo 
but inevitably causing total hearing loss in the operated ear.

Several authors modified the original technique. In 1989, Silverstein [27] 
proposed the retrosigmoid approach for neurectomy and observed a substantial 
improvement in dizziness in 92% with a significant hearing loss in only 4% of 
patients.

House [28] introduced the middle fossa approach. Regardless of the access, the 
decompression technique had a success rate of up to 90% in the control of vertigo 
[29–33]. Colletti et al. [4] conducted a comparative study on 209 patients who 
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underwent neurectomy, comparing a group of 24 patients who received intratym-
panic gentamicin (ITG), chemical labyrinthectomy neural ablation therapy. To 
perform a homogenous comparison of results in the present paper, it considered all 
the 24 ITG patients and the last 24 patients who underwent VN from 2000 to 2002 
via the retrosigmoid approach.

Vertigo was controlled in 95.8% of neurectomy patients and in 75% of gentami-
cin patients. Speech discrimination in the neurectomy group was reduced from 85 to 
82% and in the gentamicin group from 87% to 65%.

3.2  Chemical labyrinthectomy: intratympanic application of gentamicin in the 
middle ear

This technique was first used in 1978 by Beck [34, 35] and aims to perform 
a chemical ablation of the labyrinth to decrease the frequency and intensity of 
vertigo episodes but can result in hearing loss, as gentamicin is ototoxic and reduces 
labyrinthine activity. It can be injected directly into the tympanic cavity using a thin 
needle or applied daily through a Politzer ventilation tube first placed at the tym-
panic membrane for penetrating the round and oval windows. A study [36] showed 
90% efficacy in the cessation of vertigo among 92 patients.

In the 2000 literature review by Blakley et al. [37], 18 articles were found on the 
techniques of intratympanic injection of gentamicin in the treatment of Ménière’s 
disease. The articles reported high success rates in vertigo treatment, but the tech-
nique, dose, duration, and treatment philosophy varied considerably among them. 
Hearing loss was typically reported in about 30% of patients, and no technique 
had any significant medical advantage over the other. Until new controlled studies 
indicate otherwise, this therapy is an alternative treatment for patients with major 
comorbidities.

3.3 Surgical labyrinthectomy

This technique can decrease vertigo by the total destruction of the labyrinth but 
leads to total hearing loss in the operated ear.

Lake first described this procedure in 1904 [38], and in the mid-twentieth 
century, labyrinthectomy was established as a less-invasive alternative to neurec-
tomy of the vestibular nerve [39, 40]. The surgical technique involves opening the 
semicircular canals up to the endolymphatic ducts in the opening of the vestibule 
with the complete destruction of neuroepithelium and Scarpa’s ganglion [41, 42]. 
No technique was observed to be superior in vertigo control among labyrinthec-
tomy, neurectomy, and a combination of both [43, 44].

Labyrinthectomy, in particular, is an alternative [45] (demonstrating approxi-
mately 100% success rate in vertigo treatment) for old patients, and in this case, 
the transmastoid technique presented a lower permanent imbalance rate after 
the procedure than the transcanal technique. Labyrinthectomy is the treatment 
of choice for patients over 60 years of age [46]. Surgical labyrinthectomy of the 
affected labyrinth always ends in total deafness. Therefore, it should be reserved 
for patients with non-functional hearing and should be one of the last therapeutic 
options (Figure 3).

3.4 Sacculotomy

In 1964, Fick [47, 48] described a procedure in which a fenestra is made in the 
stapes footplate or round window membrane, and therefore, a permanent shunt for 
draining of the saccule is created with the destruction of the cochlear function [49].
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Giddings et al. [50] reported hearing loss after cochleo-sacculotomy in 80% 
of the patients and recurrent vertigo episodes in a mean follow-up of 17 months 
in 4 of 11 patients so that a destructive intervention had to be carried out again. 
Kinney et al. [51] and Wielinga et al. [52] recommended cochleo-sacculotomy as 
a minimally invasive surgical method, especially for old patients, as an alternative 
to neurectomy because good results were obtained with regard to vertigo control, 
although with significant hearing loss in almost all patients.

In 2015, in a comparative study [53] between cochlear sacculotomy techniques 
and endolymphatic sac decompression, the control of vertigo was significantly 
better in patients after cochleo-sacculotomy but also with significant deteriora-
tion of hearing. The cochleo-sacculotomy procedure performed simultaneously 
with cochlear implant surgery in patients with deafness and persistent vertigo in 
Ménière’s disease is an alternative already proposed by some authors [54–56], and 
they have reported good results.

4. Conclusion

The surgical procedures described in this chapter demonstrated satisfactory 
results in the control of incapacitating vertigo in patients diagnosed with endolym-
phatic hydrops refractory to clinical drug treatment, adequate diet, and vestibular 
rehabilitation. The choice of method would depend on the quality of residual hear-
ing, contralateral hearing, and on the ability to develop compensatory mechanisms 
if surgical techniques destroyed vestibular function.
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Figure 3. 
Schematic drawing of Labyrinthectomy.
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Chapter 7

Meniere’s Disease: Surgical
Treatment
Yetkin Zeki Yilmaz, Begum Bahar Yilmaz and Mehmet Yilmaz

Abstract

When Meniere’s disease’s vertigo attacks are too frequent and medical treatment
options fail, surgical treatment options should be considered. Meniere’s disease is
progressive, and there is not a known cure, and all treatment options are symptom-
atic. Also the possibility of bilateral involvement is another well-known character-
istic of this condition as well as its effect on hearing. Some of the patients have
progressive hearing loss with vertigo attacks. In order to decide a surgical procedure
for these patients, clinicians must be aware of the natural course of Meniere’s
disease. In order to their effects on vestibular system, there are two types of surgical
procedures. Nondestructive surgeries aim to alter the course of disease, and
destructive surgeries aim to control symptoms while eliminating all vestibular
functions of the effected ear.

Keywords: Meniere’s disease, labyrinthectomy, vestibular neurectomy,
endolymphatic sac surgery, neuro-otology

1. Introduction

When Meniere’s disease’s vertigo attacks are too frequent and medical treatment
options fail, surgical treatment options should be considered. Meniere’s disease is
progressive; there is not a known cure and all treatment options are symptomatic.
Also the possibility of bilateral involvement is another well-known characteristic of
this condition as well as its effect on hearing. Some of the patients have progressive
hearing loss with vertigo attacks. In order to decide a surgical procedure for these
patients, clinicians must be aware of the natural course of Meniere’s disease.

Some authors recommend to wait 6–12 months in order to recommend surgery
for intractable Meniere’s disease. However, there are different definitions of
“intractability.”When medical treatment fails and patient keep experiencing severe
and frequent vertigo attacks, surgery option could be evaluated. If the symptoms
are resistant to medical and psychological therapy for at least 3–6 months, hearing
loss and vertigo attacks are frequent, and the condition could be accepted as intrac-
table [1]. Ten to twenty percent of Meniere’s disease patients are considered to
have an intractable disease [2].

There are destructive and nondestructive surgical options; in decision process,
patients’ general health condition, age, and hearing levels should be considered.
Progressive and bilateral nature of the disease always should be considered.

The ideal surgery must restore remaining functions while relieving patients’
severe symptoms. International Consensus (ICON) on treatment of Meniere’s
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disease recently proposed a treatment algorithm. When conservatory treatment
options were insufficient to control patient’s symptoms, it is recommended to
evaluate patient’s remaining hearing. If the effected ear has efficient hearing, con-
servative surgical treatment options are recommended, but if remained hearing is
not efficient, destructive surgical or medical treatment options are recommended.
Conservative surgery is the third step of the treatment, while destructive surgery
is the fifth and last option (Figure 1) [3].

French Otorhinolaryngology Head and Neck Surgery Society (SFORL)’s guide-
line of Meniere’s disease recommends surgical options after noninvasive treatment
options were tried [4]. European position statement on diagnosis and treatment of
Meniere’s disease has similar opinions about surgery with ICON and SFORL
guidelines [5].

Since local destructive medical treatment (intratympanic gentamicin) is another
subject of another chapter of this book, the main focus of this chapter will be
surgical procedures.

2. Patient selection

A successful treatment requires precise diagnosis. Typical Meniere’s disease
causes fluctuating hearing loss and episodic vertigo that could last minutes to hours
with tinnitus and ear fullness. For every patient who describes one or more of
these symptoms, clinician should consider Meniere’s disease in differential diagno-
sis. Even nowadays, diagnosis of Meniere’s disease is clinical. Detailed history and
complete physical examination should be taken. After routine exam, there are some
diagnostic tests that should be ordered like complete audiometric assessment,

Figure 1.
Treatment algorithm of Meniere’s disease, proposed by ICON in 2018.
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vestibular test battery, and imaging studies. Differential diagnosis of unilateral
vestibular disorders is summarized in Table 1.

MR imaging studies should be ordered in all unilateral cases of Meniere’s disease.
It is helpful to exclude retrocochlear pathologies, endolymphatic sac tumors, ves-
tibular schwannomas, or any other conditions that could mimic the symptoms of
Meniere’s disease. Also Nakashima et al. managed to visualize endolymphatic
hydrops in Meniere’s disease after administrating the contrast substance gadolinium
intratympanically [6]. Miyagawa et al. visualized the endolymphatic hydrops with
intravenous administered gadoliniumMRI [7]. Naganawa and Nakashima evaluated
the imaging for Meniere’s disease and its correlation with vestibular tests of
Meniere’s disease patients. They reported that endolymphatic hydrops could be
observed with MRI, and also all patients with Meniere’s disease had endolymphatic
hydrops in imaging studies, but not all patients who had endolymphatic hydrops
were diagnosed with Meniere’s disease [8]. If patient is unable to go under MRI,
auditory brainstem response audiometry could be helpful to evaluate retrocochlear
pathologies [9]. Nevertheless imaging studies are important part of differential
diagnosis; also if surgery is going to be performed, computed tomography should
be ordered for surgery plan.

Serial audiograms are helpful to document fluctuating hearing loss. Most specific
pattern is sensorineural hearing loss of low frequency and its reversibility. Most
authors reported sensorineural hearing loss at low frequencies with better hearing at
2000 Hz, called peak pattern [10, 11].

Unilateral vestibular hypofunction is most common finding of unilateral
Meniere’s disease, although it is reported that half of the Meniere’s disease patients
have completely normal responses in bithermal caloric tests [12]. Video head
impulse test (VHIT) is a significant parameter to evaluate peripheral vestibular
system since it evaluates semicircular canals individually. In order to evaluate
utricule and saccule functions, vestibular evoked myogenic potentials (VEMPs)
are very useful [13].

Electrocochleography is considered to be the most valuable test to diagnose
Meniere’s disease. Summation and action potentials that arise from cochlea are

Autosomal dominant sensorineural hearing loss type 9 (DFNA9) caused by COCH gene

Autosomal dominant sensorineural hearing loss type 6/14 (DFNA6/14) caused by WSF1 gene

Autoimmune inner ear disease

Cerebrovascular disease (stroke or transient ischemic attack in the vertebrobasilar system, bleeding)

Cogan’s syndrome

Endolymphatic sac tumor

Cerebellopontine tumors (such as meningioma)

Neuroborreliosis

Otosyphilis

Susac syndrome

Third window syndromes (perilymph fistula, canal dehiscence, enlarged vestibular aqueduct)

Vestibular migraine

Vestibular schwannoma

Vogt-Koyanagi-Harada syndrome

Table 1.
Differential diagnosis of unilateral vestibular disorders.
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Figure 1.
Treatment algorithm of Meniere’s disease, proposed by ICON in 2018.
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vestibular test battery, and imaging studies. Differential diagnosis of unilateral
vestibular disorders is summarized in Table 1.

MR imaging studies should be ordered in all unilateral cases of Meniere’s disease.
It is helpful to exclude retrocochlear pathologies, endolymphatic sac tumors, ves-
tibular schwannomas, or any other conditions that could mimic the symptoms of
Meniere’s disease. Also Nakashima et al. managed to visualize endolymphatic
hydrops in Meniere’s disease after administrating the contrast substance gadolinium
intratympanically [6]. Miyagawa et al. visualized the endolymphatic hydrops with
intravenous administered gadoliniumMRI [7]. Naganawa and Nakashima evaluated
the imaging for Meniere’s disease and its correlation with vestibular tests of
Meniere’s disease patients. They reported that endolymphatic hydrops could be
observed with MRI, and also all patients with Meniere’s disease had endolymphatic
hydrops in imaging studies, but not all patients who had endolymphatic hydrops
were diagnosed with Meniere’s disease [8]. If patient is unable to go under MRI,
auditory brainstem response audiometry could be helpful to evaluate retrocochlear
pathologies [9]. Nevertheless imaging studies are important part of differential
diagnosis; also if surgery is going to be performed, computed tomography should
be ordered for surgery plan.

Serial audiograms are helpful to document fluctuating hearing loss. Most specific
pattern is sensorineural hearing loss of low frequency and its reversibility. Most
authors reported sensorineural hearing loss at low frequencies with better hearing at
2000 Hz, called peak pattern [10, 11].

Unilateral vestibular hypofunction is most common finding of unilateral
Meniere’s disease, although it is reported that half of the Meniere’s disease patients
have completely normal responses in bithermal caloric tests [12]. Video head
impulse test (VHIT) is a significant parameter to evaluate peripheral vestibular
system since it evaluates semicircular canals individually. In order to evaluate
utricule and saccule functions, vestibular evoked myogenic potentials (VEMPs)
are very useful [13].

Electrocochleography is considered to be the most valuable test to diagnose
Meniere’s disease. Summation and action potentials that arise from cochlea are

Autosomal dominant sensorineural hearing loss type 9 (DFNA9) caused by COCH gene

Autosomal dominant sensorineural hearing loss type 6/14 (DFNA6/14) caused by WSF1 gene

Autoimmune inner ear disease

Cerebrovascular disease (stroke or transient ischemic attack in the vertebrobasilar system, bleeding)

Cogan’s syndrome

Endolymphatic sac tumor

Cerebellopontine tumors (such as meningioma)

Neuroborreliosis

Otosyphilis

Susac syndrome

Third window syndromes (perilymph fistula, canal dehiscence, enlarged vestibular aqueduct)

Vestibular migraine

Vestibular schwannoma

Vogt-Koyanagi-Harada syndrome

Table 1.
Differential diagnosis of unilateral vestibular disorders.
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evaluated. Summation potential/action potential ratio increases in order of
endolymphatic hydrops [14]. It is not diagnostic for Meniere’s disease; the ratio is
found to be elevated at 62% of Meniere’s disease patients as well as 21% of control
subjects [15].

Sixty to eighty-seven percent of patients with Meniere’s disease reported to be
able to continue their normal life style with medical treatment [16, 17]. If medical
treatment tried for 3–6 months and attacks of patient was not able to be controlled
with medical treatment, surgical options must be considered [18, 19]. Character of
the surgery is decided upon patient’s remaining hearing. If hearing levels are 50 dB
or higher or speech discrimination scores are 80% or higher, conservative surgeries
should be offered, but if hearing is not functional, destructive options must be
considered [20].

The interpretation of vestibular test results was summarized in Table 2.

3. Surgical procedures

In order to their effects on vestibular system, there are two types of surgical
procedures. Nondestructive surgeries aim to alter the course of disease, and
destructive surgeries aim to control symptoms while eliminating all vestibular
functions of the effected ear.

Nondestructive procedures are endolymphatic sac decompression or shunt in
order to increase endolymph drainage, ventilation tube insertion in order to equal-
ize increased pressure of inner and middle ear, and lateral semicircular canal plug-
ging to block the movement of endolymph into the effected canal [21].

Destructive procedures aim to abolish the end vestibular organs. Most of these
procedures have high risk to harm the cochlea. Selective vestibular neurectomy
aims to cut all the inputs coming from vestibular organs, cochleovestibular nerve
section aims to stop all vestibular and audiologic input from the effected ear,
labyrinthectomy aims to destruct the labyrinth which also leads to total hearing
loss of the operated side, and chemical ablation aims to abolish vestibular
inputs, which also has a risk to cause hearing loss and will be evaluated in another
chapter [22].

Peripheral labyrinth
dysfunction

• Unilateral caloric weakness
• Spontaneous or positional nystagmus (although oculomotor findings
are normal)

• Nystagmus could be provoked with specific maneuvers (Dix-
Hallpike, Roll, etc.)

• Asymmetric or abnormal rotational chair phase
• Reduced gain on rotational chair phase (bilateral weakness)

Central nervous system
pathology

• Vertical or perverted nystagmus
• Abnormal oculomotor test results
• Nystagmus would not be suppressed with visual fixation

Uncompensation • Persistent nystagmus (positional or spontaneous)
• Post head-shaking nystagmus
• Asymmetric rotational chair phase
• Abnormal dynamic posturography

Compensation • Resolution of nystagmus
• Resolution of asymmetric rotational chair phase
• Improvement of performance on dynamic posturography

Table 2.
Clinical interpretations of vestibular tests.
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3.1 Nondestructive procedures

3.1.1 Cochleosacculotomy

Cochleosacculotomy is also called “cochlear endolymphatic shunt procedure.”
This procedure’s aim is to equalize the pressure between the perilymph and
endolymph by creating a permanent shunt [23].

3.1.1.1 Definition of the procedure

Tympanomeatal flap is elevated and a round window niche is visualized. Angled
pick is inserted through the round window membrane and directed to the oval
window, and then osseous spiral lamina of cochlea is fractured.

3.1.1.2 Indications and complications

This procedure is rather easy when compared to other surgeries. It does not have
risk of cerebrospinal fluid leakage. However, sensorineural hearing loss is expected
to be 25% on high-frequency sensorineural hearing loss and 10% of profound
hearing loss are reported [24]. Success rates are up to 70% with long-term vertigo
relief [25]. It should be considered as an alternative of labyrinthectomy in elder
patient who already had severe hearing loss [26].

3.1.2 Endolymphatic sac surgery

The exact pathophysiology of Meniere’s disease is still unclear, but one of the
most accepted theories is endolymphatic hydrops. Temporal bone studies of
Meniere’s disease patients reported endolymphatic hydrops [27, 28]. The AAO-HNS
guideline of Meniere’s disease defines “certain” Meniere’s disease when endolym-
phatic hydrops are demonstrated histopathologically in the postmortem temporal
bone specimen of the patient [29].

Endolymph is produced in stria vascularis and dark vestibular cells. It flows
through the duct to the sac, and with active transport mechanisms, it is absorbed
[30]. Animal study designed by Kimura et al. achieved to cause cochlear hydrops by
ductus reuniens obliteration [31].

Paparella suggested that inadequate absorption of endolymph leads to endolym-
phatic hydrops. He described his theory with “lake-river-pond” comparison while
endolymphatic sac is the pond, vestibular aqueduct is the river, and endolymphatic
space is the lake. Any obstruction or overproduction leads to hydrops [32].
Perisaccular fibrosis, endolymphatic sac atrophy, loss of epithelial integrity of
endolymphatic sac, vestibular aqueduct hypoplasia, and narrowing of endolym-
phatic duct lumen were observed in the pathological findings in temporal bone
studies [30, 33–35].

Also some anatomic abnormalities were observed during endolymphatic sac pro-
cedures and proposed as a cause of hydrops. Some of the patient’s lateral semicircular
canal are located anteriorly and observed in many of the patients. It was suggested to
cause vascular compression of endolymphatic sac that leads to hydrops [36, 37].

The findings of revision endolymphatic sac surgeries are another source that
used to gather information about the pathophysiology of the disease. Hypoplastic
mastoid air cell system with perisaccular fibrosis, discoloration of silastic tube that
is inserted at primer surgery, incomplete decompression of sigmoid sinus and
mastoid cavity, granulation formation in mastoid cavity, and perisaccular space
were the reported findings [36–38].
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Portmann was the first surgeon who suggested endolymphatic sac surgery for
Meniere’s disease nearly 90 years ago and reported improvement of hearing and
vestibular functions of patients [39]. In the 1960s, House suggested endolymphatic
subarachnoid shunt procedure [40]. Endolymphatic sac enhancement to mastoid
cavity was proposed by Paparella et al. in 1980 [41].

3.1.2.1 Definition of the procedure

First cortical mastoidectomy is performed and carried on until the mastoid
antrum is visualized. Then the bony labyrinth should be identified. Horizontal and
superior semicircular canals are important landmarks of this procedure. Imaginary
line that parallel to the horizontal semicircular canal toward to the dome of the
superior semicircular canal is called “Donaldson line” is drawn. Endolymphatic sac
is always located inferior of this line.

Boundaries of the endolymphatic sac are Donaldson line in superior, sigmoid
sinus in posterior, jugular bulb in anteroinferior, and mastoid segment of facial
nerve in lateral. These structures are in danger during this procedure. Sigmoid sinus
should be skeletonized widely and facial nerve should be followed toward the
digastric ridge and stylomastoid foramen in order to avoid to harm these structures.
Posterior fossa dura behind the sigmoid sinus as well as the sigmoid sinus is
decompressed with a large diamond drill.

Sigmoid sinus is retracted and bony dural plate and presigmoid posterior fossa
dura is dissected. The sigmoid sinus and dura are retracted, and the bony dural plate
that is located inferior of the Donaldson line is removed to the jugular bulb. In order
to see the endolymphatic duct’s entry in to bone medial to posterior semicircular
canal, dissection should be carried anteromedially into retrofacial air cells. When
the endolymphatic sac is identified, it is up to the surgeon to terminate the proce-
dure or open the lumen and place a shunt. Shunt could be placed into mastoid cavity
of subarachnoid space.

This procedure has many variations, sac decompression with or without decom-
pression of posterior fossa dura or sigmoid sinus and sac drainage or shunt place-
ment to sac [42, 43].

The role of endolymphatic sac in development of Meniere’s disease is still
unknown. Inadequate absorption of endolymph by the endolymphatic sac
hypothetically causes hydrops which leads to Meniere’s disease. The aim of
decompression of the sac is to relieve the pressure that inhibits the absorptive
capacity of the sac. However, when the temporal bones of patients who
underwent endolymphatic sac decompression surgery were studied
histopathologically by Chung et al., they observed a diffuse hydrops of the
cochlea, saccule, utricule, and ampulla and reported that the decompression is the
opposite of the aim of the surgery, not efficient to relieve the hydrops [44].
Linthicum and Santos reported that complete endolymphatic sac removal does not
lead to hydrops in the endolymphatic duct or cochlea [45]. According to these
findings, Saliba et al. recently described a novel method, endolymphatic sac block-
age. They described their procedure in their recently published paper in 2015.
Procedure is similar with endolymphatic sac decompression surgery; after the
endolymphatic sac identification, they block the endolymphatic duct with two
titanium clips. The results were found significantly better than the endolymphatic
sac decompression [46].

3.1.2.2 Indications and complications

If medical treatment options failed and hearing function of the patient is
sufficient and patient is relatively young, endolymphatic sac surgery should be
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recommended [3]. Its effect on hearing is minimal and recommended especially
in bilateral Meniere’s disease [4]. Possible complications are facial paralysis, CSF
leak, and hearing loss. Also in order to reach to the endolymphatic sac, the drilling
is close to the posterior semicircular canal, so surgery could stimulate the otolith
displacement that leads to benign paroxysmal vertigo.

3.1.2.3 Results

The results of this procedure are mostly from retrospective or observational
studies. It is usually reported as an efficient and relatively safe procedure. However
most of the studies lack randomization or placebo control.

The rate of complete control of vertigo after endolymphatic sac surgery is
reported to be 30–72% in literature [47–52].

Thomsen, Bretlau et al. designed a randomized controlled trial to observe the
efficacy of endolymphatic sac surgery. They performed endolymphatic sac surgery
and cortical mastoidectomy as placebo procedure on intractable Meniere’s disease
patients. The results were like a milestone in otology society. Endolymphatic sac
surgery results were the same with placebo surgery [2]. This paper decreased the
popularity of the procedure. Twenty years later, Welling and Nagaraja re-examined
their results. They found that patients who underwent placebo procedure had a
complete cortical mastoidectomy when the Trautmann triangle was decompressed.
Thomsen and colleagues had completed the most important step of successful
decompression surgery, a complete mastoidectomy, in placebo group. After these
findings, data was re-analyzed, and it was reported that endolymphatic sac surgery
results on vertigo control and hearing preservation in short term were significantly
better than the placebo procedure [53].

Ostrowski et al. reported that 72% of their patients were significantly
improved in long term [43]. Very large group of patients, 3000, had over 90%
complete or substantial control of vertigo after 3 years of endolymphatic sac
decompression [54].

Kitahara et al. reported that vertigo attacks of patients who received
endolymphatic sac surgery, with intraendolymphatic sac steroid injection, had
significantly declined, compared to the patients who refused surgery, after 12 years
of observation [55].

Cochrane review on surgery for Meniere’s disease in 2013 analyzed the litera-
ture. Only two studies were suitable for inclusion. Neither of these studies’ results
were significantly effective on Meniere’s disease symptom control, and they
reported that the recent data was insufficient in order to demonstrate the benefits of
endolymphatic sac surgery [56].

Sood et al. published a meta-analysis on endolymphatic sac surgery procedures.
They compared the results of decompression, mastoid shunt with silastic tube and
without silastic tube, in short- and long term. Decompression or shunt procedures
were found to have similar vertigo control rates in short term, and the same results
were observed in long term. Also no significant difference was reported between
shunting procedures with or without silastic tube usage. Rates of vertigo control or
hearing preservation were found similar between these procedures in short and long
term. However hearing preservation results were significantly better in shunting
without silastic in short- and long term.

Shunting and decompression have similar effects, but the usage of silastic tube
for shunting procedure is not advised [57].

Silverstein compared the results of 83 patients who received endolymphatic sac
surgery, vestibular neurectomy, and labyrinthectomy to 50 patients who were
surgical candidates but refused the intervention. About 70% of patients who
refused the surgery found to be freed of their vertigo attacks in 8.3 years [48].
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Saliba et al. described a new approach by blocking the endolymphatic duct.
They randomly distributed patients in to two groups, and endolymphatic sac
decompression and endolymphatic blockage were performed. They compared the
results of endolymphatic sac decompression and endolymphatic duct blockage.
After 24 months of follow-up endolymphatic duct blockage group’s vertigo spells
were significantly improved. Also tinnitus and aural fullness were improved
significantly [46].

The results of these procedures may vary between authors, but due to its
relatively conservative nature and low complication rates, endolymphatic sac
procedures were advised as first line of surgical treatment of intractable Meniere’s
disease.

3.2 Destructive surgical procedures

When the medical or nondestructive surgical procedures are not able to control
the vertigo or after these interventions vertigo is recurrent destruction of the
effected side must be considered. Destruction of the labyrinth is the gold standard
procedure in order to relieve the patient whose vertigo is caused by an inner ear
problem. Remaining hearing is lost completely after labyrinthectomy. If hearing
must be preserved, selective vestibular neurectomy should be considered. Both of
these procedures’ aim is to block any input that come from the defective side.

While blocking the input from the periphery, it is important to prepare the
central for better compensation. Before offering any surgical intervention to the
vestibular system, adequate vestibular rehabilitation should be tried. After
labyrinthectomy or neurectomy, complete unilateral vestibular loss is created. It has
been reported that early vestibular rehabilitation after vestibular neurectomy for
acoustic neuroma showed improved results to adapt [58–60]. The pathology is
different with Meniere’s disease, but the result of the ablative procedures is similar.
It is an accepted practice to improve the daily functions of the patients. The pro-
gram should be customized for each patient. Somatosensory sensation is found to be
adapted earlier, and within 3 weeks, the sensation of disequilibrium resolves, but
gaining of postural stability may take months [61].

Patients’ mental state is another important factor that affects the success of the
treatment. Patients who had no mental stress found to have better results, com-
pared to stressed ones. Also surgical interventions are found to have better results
that nonsurgical treatment in psychologically affected group. The patients’ state of
mind is an important factor to be considered, and psychological support should be
advised to all Meniere’s disease effected patients [62]. Patients who have psycho-
logical stress like depression, vestibular rehabilitation might be helpful in diagnostic
process. This program could help compensation of the remaining vestibular disor-
der as well as coping with its effects on their psychology. If rehabilitation fails after
4–6 weeks of trial, an unstable vestibular lesion should be added in the differential
diagnosis list [63].

Ablative procedures are irreversible, and surgeon must carefully evaluate the
patient. Documentation of the symptoms is important to guide the patient to the
most appropriate treatment option. Further vestibular investigation should be
performed with every patient. These tests provide very useful information on the
location of the pathology, labyrinth dysfunction, and compensation statuses.

The observation of spontaneous, positional nystagmus with electronystag-
mography or videonystagmography means failure of central compensation. In case
of an uncompensated peripheral vestibular lesion, vestibuloocular reflex results are
persistently asymmetric after several tests. Resolation of this asymmetry is a clue of
compensation. Dynamic posturography could provide additional information about
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all systems that contribute to balance, like vision and somatosensory sense. When
the test results are indicating a peripheral vestibular pathology, the offended side
must be identified.

Unilateral caloric weakness, under normal oculomotor condition if spontaneous or
positional nystagmus is observed, positional nystagmus that provoked with Dix-
Hallpike maneuver, asymmetric findings on vestibular tests are indicate to a periph-
eral labyrinth dysfunction. If nystagmus is persistent, asymmetric results are present
rotational chair test or dynamic posturography results indicate an abnormal sensory
organization, patient is in an uncompensated status, however if nystagmus, asym-
metrics results resolve or posturography performance is improving, compensation
status of the patient is improving with the advised treatment method.

Asymmetric sensorineural hearing loss is the best indicator to identify the
affected side [64]. The other helpful but less reliable findings are tinnitus, aural
fullness, the side that trigger the nystagmus, or asymmetric results from vestibular
test batteries. Sometimes patients could describe tinnitus and aural fullness at the
unsuspected ear, and this may be a clue of a beginning of a bilateral involvement. In
this case if surgery is considered to be offered, the procedures that preserve the
hearing should be advised [26].

If vertical or perverted nystagmus is present, oculomotor test results are abnor-
mal, or in order to suppress the nystagmus visual fixation fails, it indicates the
central nervous system involvement. Intracranial lesion of posterior fossa lesions
could mimic the symptoms of peripheral pathologies; in order to eliminate these
conditions, gadolinium-enhanced MRI studies must be performed [65]. If the
patients are at high risk of general anesthesia or surgery due to their general health
problem, nonsurgical destructive treatment options should be considered.

If surgery is the decided treatment method, the next step is to decide on the
procedure. The most important factor in decision process is hearing function of the
patients and his perception of their hearing. If patient has a residual hearing and he/
she finds it useful, then vestibular neurectomy, which is aimed to preserve hearing,
should be advised. If no evidence of remaining hearing or patient cannot acknowl-
edge the hearing on the affected side, labyrinthectomy, which destructs the
remaining hearing function completely, should be advised.

French Otorhinolaryngology Head and Neck Surgery Society guideline of
Meniere’s disease management advises to start with less invasive and destructive
procedures, such as ventilation tube placement and endolymphatic sac surgery.
Especially in bilateral cases, clinician is advised to avoid from any destructive pro-
cedures. If these approaches are insufficient, destructive procedures should be con-
sidered according to the hearing function of the patient [4]. European position
statement on Meniere’s disease management advise the destructive procedures as the
fifth and last line of treatment [5]. International Consensus (ICON) on treatment of
Meniere’s disease also keeps the destructive surgical options as the last resort [3].

Meniere’s disease’s progressive nature, the risk of bilateral involvement in any
time of the life and possibility of spontaneous relief of vertigo in years always have
to be kept in mind. Paparella recommended that treatment should be started with
less invasive and destructive options; if the current treatment method seemed to
fail, more invasive and destructive procedures should be considered [1].

3.3 Destructive procedures

3.3.1 Labyrinthectomy

If the affected side’s hearing is not functional and the labyrinthine symptoms
are recurrent, labyrinthectomy could be performed for any vestibular dysfunction.
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fullness, the side that trigger the nystagmus, or asymmetric results from vestibular
test batteries. Sometimes patients could describe tinnitus and aural fullness at the
unsuspected ear, and this may be a clue of a beginning of a bilateral involvement. In
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hearing should be advised [26].
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mal, or in order to suppress the nystagmus visual fixation fails, it indicates the
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could mimic the symptoms of peripheral pathologies; in order to eliminate these
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patients are at high risk of general anesthesia or surgery due to their general health
problem, nonsurgical destructive treatment options should be considered.

If surgery is the decided treatment method, the next step is to decide on the
procedure. The most important factor in decision process is hearing function of the
patients and his perception of their hearing. If patient has a residual hearing and he/
she finds it useful, then vestibular neurectomy, which is aimed to preserve hearing,
should be advised. If no evidence of remaining hearing or patient cannot acknowl-
edge the hearing on the affected side, labyrinthectomy, which destructs the
remaining hearing function completely, should be advised.

French Otorhinolaryngology Head and Neck Surgery Society guideline of
Meniere’s disease management advises to start with less invasive and destructive
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Especially in bilateral cases, clinician is advised to avoid from any destructive pro-
cedures. If these approaches are insufficient, destructive procedures should be con-
sidered according to the hearing function of the patient [4]. European position
statement on Meniere’s disease management advise the destructive procedures as the
fifth and last line of treatment [5]. International Consensus (ICON) on treatment of
Meniere’s disease also keeps the destructive surgical options as the last resort [3].

Meniere’s disease’s progressive nature, the risk of bilateral involvement in any
time of the life and possibility of spontaneous relief of vertigo in years always have
to be kept in mind. Paparella recommended that treatment should be started with
less invasive and destructive options; if the current treatment method seemed to
fail, more invasive and destructive procedures should be considered [1].

3.3 Destructive procedures

3.3.1 Labyrinthectomy

If the affected side’s hearing is not functional and the labyrinthine symptoms
are recurrent, labyrinthectomy could be performed for any vestibular dysfunction.
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If patients have profound hearing loss and have intractable vertigo or Tumarkin
crisis and disease is unilateral, then labyrinthectomy should be considered [4].
It could be performed in a transcanal or transmastoid approach.

3.3.1.1 Transcanal labyrinthectomy

Tympanomeatal flap is elevated transcanally and middle ear is visualized. Stapes
is removed from the oval window in order to access to the bony part of labyrinth. If
visualization of the vestibule is needed, the bone from the promontory that lies
below the oval window to round window could be removed. Saccule and utricule
are identified and then removed. Access to the ampullae of the horizontal and
superior semicircular canals is performed with a right angled instrument that is
placed medial to the facial nerve and conducted with blind dissection. The bony
part of the vestibule could be drilled to the round window to improve
visualization and identification of the nerve that innervates the posterior
semicircular canal, located to the posterior ampullae. Posterior semicircular canal
nerve should be identified, and in order to not leave any residual PSCC function
must be sectioned.

Some authors choose to pack the cavity with soluble packing materials that
soaked with aminoglycoside, to prevent from its ototoxic effects and improve the
surgery success.

3.3.1.2 Transmastoid labyrinthectomy

Transmastoid labyrinthectomy is a gold standard procedure of the vestibular
function destruction. Mastoid cortex is presented in retroauricular approach.
Cortical mastoidectomy is performed, and sinodural angle and middle fossa dura
should be carefully dissected to have adequate visualization to facial nerve and
access to the vestibule and posterior canal ampullae. The antrum is identified and
the dome of horizontal semicircular canal is visualized at the depth. The largest
bur that fits between middle fossa dura and horizontal semicircular canal should be
chosen. The drilling must be deepened with solid angle between the three bony
semicircular canals before any canal lumen is opened. Lumens of bony canals are
opened from the internal surface of each canal toward the center of a deeper bony
cup until the labyrinthine bone is removed completely.

Horizontal semicircular canal is an important landmark to identify the tympanic
segment of the facial nerve so it usually opened first. The drill should never rise to a
level that is lateral to the inferior lip of the bony cup to prevent facial nerve injury.
After horizontal canal is opened, dissection is continued toward its nonampullated
end until the superior canal is identified and opened. The posterior canal is followed
to its ampulla end. At this site, bleeding from subarcuate artery is expected and
should be controlled. Following the posterior canal, ampulla is opened which is
adjacent to the horizontal canal ampulla.

Dissection stays inside the cup, and inner surface of the posterior canal must
be followed to prevent the injury of the second genu of the facial nerve. By skele-
tonize the facial canal and removal of and bony structure to limit the visualization
should be removed to protect the facial nerve. Drilling should be carried on to the
parallel of the facial nerve canal. After the posterior canal ampulla is opened, the
bone that connects the three ampullae is removed. All membranous labyrinth is
carefully removed, and the thin bone at the lateral end of the internal acoustic
canal should be preserved.
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3.3.1.3 Complications

It is not a complication but an expected result, but the remaining hearing of
the ipsilateral ear is lost with vestibular function. Nystagmus could persist for days,
and most of the patients are able to move without any assistance in 2–3 days, but
the complete vestibular compensation takes months. Disequilibrium could persist in
some patients.

Possible complications are facial nerve injury, CSF leak, and chronic disequilib-
rium. The dura of the posterior cranial fossa or IAC must be preserved to prevent
CSF leak or meningitis.

3.3.1.4 Results

Labyrinthectomy is the oldest procedure to treat Meniere’s disease and gold
standard. Wareing and O’Connor demonstrated that vertigo control rates of
labyrinthectomy are 93–100%; however in longer follow-up 76% of the patients
reported to have residual symptoms. Possible incomplete removal of the vestibular
tissue might be the reason of recurrence in long term [66]. It is also reported that
some patients have hard time of compensation, first 1 or 2 weeks of disequilibrium
is expected but it could take months for fully compensation also inadequate
removal of the vestibular tissue could cause these residual sysmptoms [67].
Vertigo control rates are superior compared to vestibular neurectomy or
endolymphatic sac surgery [68].

3.3.2 Vestibular neurectomy

The aim of this procedure is to inhibit the inputs from peripheral vestibular
system and prevent the cochlear nerve to protect remaining hearing. It has high
vertigo control rates which vary from 80 to 95% but still not better than
labyrinthectomy [26].

3.3.3 Translabyrinthine approach and transcochlear approach

For these approaches, common labyrinthectomy is performed. Then the dissec-
tion is carried on with intradural dissection of the vestibular nerve within IAC. The
vestibular nerve is dissected to the medial of Scarpa’s ganglion. After labyrinthectomy
is performed in transmastoid approach, IAC dura is identified and opened. The
division of vestibular nerve to superior and inferior is identified and sectioned.

Transcochlear approach begins with transcanal labyrinthectomy. Then the
cochlea is opened and cochlear nerve is followed in IAC with vestibular nerve. This
approach aims to decrease tinnitus. However these approaches contain high risk of
CSF leak and meningitis, and desired results could be achieved with adequate
transmastoid labyrinthectomy [69].

3.3.4 Middle fossa approach

House was the first surgeon to introduce middle fossa approach for vestibular
neurectomy in 1961 [70]. Later it was improved by Fisch and Glasscock et al. in the
1970s [71–73].

It is a very refined surgical procedure, and vestibular nerve fibers are identified
in the lateral part of IAC where the vestibular nerve separates from the cochlear
nerve.
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semicircular canal, located to the posterior ampullae. Posterior semicircular canal
nerve should be identified, and in order to not leave any residual PSCC function
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soaked with aminoglycoside, to prevent from its ototoxic effects and improve the
surgery success.

3.3.1.2 Transmastoid labyrinthectomy

Transmastoid labyrinthectomy is a gold standard procedure of the vestibular
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Cortical mastoidectomy is performed, and sinodural angle and middle fossa dura
should be carefully dissected to have adequate visualization to facial nerve and
access to the vestibule and posterior canal ampullae. The antrum is identified and
the dome of horizontal semicircular canal is visualized at the depth. The largest
bur that fits between middle fossa dura and horizontal semicircular canal should be
chosen. The drilling must be deepened with solid angle between the three bony
semicircular canals before any canal lumen is opened. Lumens of bony canals are
opened from the internal surface of each canal toward the center of a deeper bony
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After horizontal canal is opened, dissection is continued toward its nonampullated
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to its ampulla end. At this site, bleeding from subarcuate artery is expected and
should be controlled. Following the posterior canal, ampulla is opened which is
adjacent to the horizontal canal ampulla.

Dissection stays inside the cup, and inner surface of the posterior canal must
be followed to prevent the injury of the second genu of the facial nerve. By skele-
tonize the facial canal and removal of and bony structure to limit the visualization
should be removed to protect the facial nerve. Drilling should be carried on to the
parallel of the facial nerve canal. After the posterior canal ampulla is opened, the
bone that connects the three ampullae is removed. All membranous labyrinth is
carefully removed, and the thin bone at the lateral end of the internal acoustic
canal should be preserved.
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3.3.1.3 Complications
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and most of the patients are able to move without any assistance in 2–3 days, but
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CSF leak or meningitis.

3.3.1.4 Results

Labyrinthectomy is the oldest procedure to treat Meniere’s disease and gold
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reported to have residual symptoms. Possible incomplete removal of the vestibular
tissue might be the reason of recurrence in long term [66]. It is also reported that
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is expected but it could take months for fully compensation also inadequate
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Vertigo control rates are superior compared to vestibular neurectomy or
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The aim of this procedure is to inhibit the inputs from peripheral vestibular
system and prevent the cochlear nerve to protect remaining hearing. It has high
vertigo control rates which vary from 80 to 95% but still not better than
labyrinthectomy [26].

3.3.3 Translabyrinthine approach and transcochlear approach

For these approaches, common labyrinthectomy is performed. Then the dissec-
tion is carried on with intradural dissection of the vestibular nerve within IAC. The
vestibular nerve is dissected to the medial of Scarpa’s ganglion. After labyrinthectomy
is performed in transmastoid approach, IAC dura is identified and opened. The
division of vestibular nerve to superior and inferior is identified and sectioned.

Transcochlear approach begins with transcanal labyrinthectomy. Then the
cochlea is opened and cochlear nerve is followed in IAC with vestibular nerve. This
approach aims to decrease tinnitus. However these approaches contain high risk of
CSF leak and meningitis, and desired results could be achieved with adequate
transmastoid labyrinthectomy [69].

3.3.4 Middle fossa approach

House was the first surgeon to introduce middle fossa approach for vestibular
neurectomy in 1961 [70]. Later it was improved by Fisch and Glasscock et al. in the
1970s [71–73].

It is a very refined surgical procedure, and vestibular nerve fibers are identified
in the lateral part of IAC where the vestibular nerve separates from the cochlear
nerve.
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Temporal craniotomy that is centered to external auditory canal is performed.
Dura is elevated from the temporal bone and the temporal lobe is retracted. Dura of
IAC is skeletonized; in order to prevent further injury to the cochlea, superior
semicircular canal, and facial nerve, dissection should be carried around IAC
widely. First superior then inferior vestibular nerve are identified and sectioned.
While sectioning of inferior vestibular nerve, labyrinthine artery must be pre-
served. This artery is located close to the inferior vestibular nerve at the distal part
of IAC.

3.3.5 Retrolabyrinthine approach

Retrolabyrinthine approach for vestibular neurectomy was first described by
Silverstein and Norrell [74, 75]. Retrolabyrinthine approach was developed in the
1980s, and it was reported to have lower facial nerve injury and hearing loss [75–
77]. This procedure is also simpler than middle fossa approach. The eighth cranial
nerve is only exposed between the brainstem and IAC; therefore it may be harder to
identify auditory nerve than vestibular nerve specifically.

Dandy reported eighth cranial nerve section for vertigo treatment with
suboccipital craniotomy in the 1930s, and long-term follow-up results were
reported at 90% rate of complete vertigo control [78, 79]. This approach is named
“retrosigmoid approach” nowadays.

The middle and posterior dura should be decompressed widely to get an ideal
exposure, and retrosigmoid dura should be uncovered at least 1.5 cm posterior to
the sigmoid sinus. This should allow enough extradural retraction. The bone that
covers sigmoid sinus anteriorly is removed to the bony labyrinth’s outline. Jugular
bulb is the inferior limit of the dissection. Appropriate precautions should be taken
to prevent the bone dust to enter the middle ear space.

The presigmoid dura and endolymphatic sac are incised parallel to sigmoid sinus
to expose the posterior fossa dura. The cerebellum is retracted to visualize the
cerebellopontine angle. Tentorium cerebelli and trigeminal nerve are identified
superiorly, and the eighth cranial nerve is located inferiorly. This angle allows to
visualize the posterior side of the petrous bone, so the internal acoustic canal is not
visible. With minor retraction of the eighth cranial nerve, facial nerve could be
visualized and advised to be controlled with electrostimulation. Vestibular fibers of
the eighth nerve are located caudally (superiorly); this portion should be divided
from the inferior portion of the nerve and separated with sharp dissection.

Musculus temporalis fascia is advised to be used for dural closure in order to
prevent cerebrospinal fluid leak. The aditus ad antrum is blocked with fascia, and
mastoidectomy defect is filled with harvested abdominal fat graft.

Retrosigmoid approach has some disadvantages such as the restricted recogni-
tion of vestibular and cochlear nerve, incomplete section of vestibular nerve, and
possible damage to the cochlear nerve. However the hearing results of this approach
were reported the same with other approaches. Postoperative headache is another
significant trouble due to the intradural retraction of the cerebellum. Fukuhara et al.
suggested the use of lumbar drainage for decompression of posterior fossa before
the operation and reported that their operation time shortened, no CSF leakage
occurred, and postoperative headache incidence is lowered [80].

Retrolabyrinthine-retrosigmoid combined approach was modified by Silverstein
and his team in 1985. This modification allows effective access to cerebellopontine
angle, and distinction of vestibular and cochlear nerve is clearer. Later they
reported 85% of the patients had complete vertigo control, and the hearing preser-
vation results were called “excellent.” Only 20% of the patients had minor change at
hearing, and only 4% of them experienced serious sensorineural hearing loss [81].
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In order to identify cochlear and vestibular nerve clearer, some surgeons com-
bine retrolabyrinthine approach with retrosigmoid approach. This procedure allows
to remove the bone behind internal acoustic canal for better distinction of the nerve
bundles [81, 82]. Retrolabyrinthine-retrosigmoid combined approach is still a gold
standard in vestibular neurectomy procedure [83].

3.3.6 Infralabyrinthine approach

This technique is rarely used for vestibular neurectomy. The posterior semicir-
cular canal is outlined, and the retrofacial air cells are tracted inferiorly. Internal
acoustic canal is located inferiorly to the bony labyrinth.

Intradural dissection is limited to the internal acoustic canal’s distal part, and
vestibular nerve could be clearly identified while preserving the facial nerve. How-
ever poorly pneumatized temporal bones are hard to be dissected with this tech-
nique [84].

Intradural approaches for vestibular neurectomy could have serious complica-
tions such as stroke, subdural hematoma, and meningitis. Another life-changing
complication is facial nerve paralysis, but rarely reported. Sensorineural hearing
loss is another complication, reported in less than 10% of the cases [85].

3.3.6.1 Results

Most of the patients return to their daily lifestyle 2–4 months after the surgery.
Vertigo control rates of vestibular neurectomy is slightly worse than

labyrinthectomy, reported 80–95% [86].

3.4 Comparison of surgical interventions

Surgery is the last resort for Meniere’s disease. Most of the patients’ symptoms
could be taken under control with less invasive methods. If surgery is on the table, it
is decided upon the patients hearing and general health performance. The ideal
result of the surgery must control the vestibular symptoms completely while, if
present, hearing should be preserved.

Endolymphatic sac decompression is frequently performed procedure if patient
has remaining hearing function. Recent Cochrane review investigated the results of
endolymphatic sac decompression with other procedures. Two randomized con-
trolled studies were included. Bretlau et al. compared endolymphatic sac shunt to
placebo procedure. Placebo procedure was simple mastoidectomy. The second
study was by Thomsen et al.; they compared endolymphatic sac shunt to ventilation
tube insertion. Vertigo control and hearing preservation were found the same at
both studies. Bretlau reported the tinnitus was improved in both groups; however,
Thomsen did not find any difference between the two groups. Both of the studies
used different procedures as placebo and reported that 70% of their patients had
been relieved of their symptoms regardless the procedure. However it is empha-
sized that the blinding of the studies were poor and methodic quality is low [22].

Moffat [87], Huang and Lin [88], Gibson [89], and Gianoli et al. [90] reported
their 2-year results after endolymphatic sac surgery and reported that their vertigo
control rates were 43.0, 84.4, 56.8, and 60.0%, while their hearing preservation
with less than 10 dB loss or improvement 10 dB or more were reported 74.0, 83.4,
44.2, and 82.0%. However these studies were lack of comparison groups.

Kitahara et al. suggested that high dose of steroid administration during endo-
lymphatic sac drainage to improve the effectiveness of the procedure. While the
endolymphatic sac was opened in to mastoidectomy cavity, steroid was applied
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Temporal craniotomy that is centered to external auditory canal is performed.
Dura is elevated from the temporal bone and the temporal lobe is retracted. Dura of
IAC is skeletonized; in order to prevent further injury to the cochlea, superior
semicircular canal, and facial nerve, dissection should be carried around IAC
widely. First superior then inferior vestibular nerve are identified and sectioned.
While sectioning of inferior vestibular nerve, labyrinthine artery must be pre-
served. This artery is located close to the inferior vestibular nerve at the distal part
of IAC.

3.3.5 Retrolabyrinthine approach

Retrolabyrinthine approach for vestibular neurectomy was first described by
Silverstein and Norrell [74, 75]. Retrolabyrinthine approach was developed in the
1980s, and it was reported to have lower facial nerve injury and hearing loss [75–
77]. This procedure is also simpler than middle fossa approach. The eighth cranial
nerve is only exposed between the brainstem and IAC; therefore it may be harder to
identify auditory nerve than vestibular nerve specifically.

Dandy reported eighth cranial nerve section for vertigo treatment with
suboccipital craniotomy in the 1930s, and long-term follow-up results were
reported at 90% rate of complete vertigo control [78, 79]. This approach is named
“retrosigmoid approach” nowadays.
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exposure, and retrosigmoid dura should be uncovered at least 1.5 cm posterior to
the sigmoid sinus. This should allow enough extradural retraction. The bone that
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bulb is the inferior limit of the dissection. Appropriate precautions should be taken
to prevent the bone dust to enter the middle ear space.
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to expose the posterior fossa dura. The cerebellum is retracted to visualize the
cerebellopontine angle. Tentorium cerebelli and trigeminal nerve are identified
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visualize the posterior side of the petrous bone, so the internal acoustic canal is not
visible. With minor retraction of the eighth cranial nerve, facial nerve could be
visualized and advised to be controlled with electrostimulation. Vestibular fibers of
the eighth nerve are located caudally (superiorly); this portion should be divided
from the inferior portion of the nerve and separated with sharp dissection.

Musculus temporalis fascia is advised to be used for dural closure in order to
prevent cerebrospinal fluid leak. The aditus ad antrum is blocked with fascia, and
mastoidectomy defect is filled with harvested abdominal fat graft.

Retrosigmoid approach has some disadvantages such as the restricted recogni-
tion of vestibular and cochlear nerve, incomplete section of vestibular nerve, and
possible damage to the cochlear nerve. However the hearing results of this approach
were reported the same with other approaches. Postoperative headache is another
significant trouble due to the intradural retraction of the cerebellum. Fukuhara et al.
suggested the use of lumbar drainage for decompression of posterior fossa before
the operation and reported that their operation time shortened, no CSF leakage
occurred, and postoperative headache incidence is lowered [80].

Retrolabyrinthine-retrosigmoid combined approach was modified by Silverstein
and his team in 1985. This modification allows effective access to cerebellopontine
angle, and distinction of vestibular and cochlear nerve is clearer. Later they
reported 85% of the patients had complete vertigo control, and the hearing preser-
vation results were called “excellent.” Only 20% of the patients had minor change at
hearing, and only 4% of them experienced serious sensorineural hearing loss [81].
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In order to identify cochlear and vestibular nerve clearer, some surgeons com-
bine retrolabyrinthine approach with retrosigmoid approach. This procedure allows
to remove the bone behind internal acoustic canal for better distinction of the nerve
bundles [81, 82]. Retrolabyrinthine-retrosigmoid combined approach is still a gold
standard in vestibular neurectomy procedure [83].

3.3.6 Infralabyrinthine approach

This technique is rarely used for vestibular neurectomy. The posterior semicir-
cular canal is outlined, and the retrofacial air cells are tracted inferiorly. Internal
acoustic canal is located inferiorly to the bony labyrinth.

Intradural dissection is limited to the internal acoustic canal’s distal part, and
vestibular nerve could be clearly identified while preserving the facial nerve. How-
ever poorly pneumatized temporal bones are hard to be dissected with this tech-
nique [84].

Intradural approaches for vestibular neurectomy could have serious complica-
tions such as stroke, subdural hematoma, and meningitis. Another life-changing
complication is facial nerve paralysis, but rarely reported. Sensorineural hearing
loss is another complication, reported in less than 10% of the cases [85].

3.3.6.1 Results

Most of the patients return to their daily lifestyle 2–4 months after the surgery.
Vertigo control rates of vestibular neurectomy is slightly worse than

labyrinthectomy, reported 80–95% [86].

3.4 Comparison of surgical interventions

Surgery is the last resort for Meniere’s disease. Most of the patients’ symptoms
could be taken under control with less invasive methods. If surgery is on the table, it
is decided upon the patients hearing and general health performance. The ideal
result of the surgery must control the vestibular symptoms completely while, if
present, hearing should be preserved.

Endolymphatic sac decompression is frequently performed procedure if patient
has remaining hearing function. Recent Cochrane review investigated the results of
endolymphatic sac decompression with other procedures. Two randomized con-
trolled studies were included. Bretlau et al. compared endolymphatic sac shunt to
placebo procedure. Placebo procedure was simple mastoidectomy. The second
study was by Thomsen et al.; they compared endolymphatic sac shunt to ventilation
tube insertion. Vertigo control and hearing preservation were found the same at
both studies. Bretlau reported the tinnitus was improved in both groups; however,
Thomsen did not find any difference between the two groups. Both of the studies
used different procedures as placebo and reported that 70% of their patients had
been relieved of their symptoms regardless the procedure. However it is empha-
sized that the blinding of the studies were poor and methodic quality is low [22].

Moffat [87], Huang and Lin [88], Gibson [89], and Gianoli et al. [90] reported
their 2-year results after endolymphatic sac surgery and reported that their vertigo
control rates were 43.0, 84.4, 56.8, and 60.0%, while their hearing preservation
with less than 10 dB loss or improvement 10 dB or more were reported 74.0, 83.4,
44.2, and 82.0%. However these studies were lack of comparison groups.

Kitahara et al. suggested that high dose of steroid administration during endo-
lymphatic sac drainage to improve the effectiveness of the procedure. While the
endolymphatic sac was opened in to mastoidectomy cavity, steroid was applied
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around the sac. All of their patients had intractable disease and are grouped blindly
into two groups, while the group 1 was administered steroids during surgery and
group 2 did not. Patients who had intractable disease but refused surgical interven-
tion were used as control group, Group 3. Surgery group was reported to have better
vertigo control rates than nonsurgery group after 7-year follow-up, while there was
no significant difference between group 1 and group 2. Steroid-administered group
1’s hearing function results were significantly better than group 2. Later they
reported their findings in 2013 while including group 1 and nonsurgical group 3.
Group 1 reported to have significantly better hearing and vertigo control rates [91].

Paparella and Fina investigated over 2000 patients who went through endolym-
phatic sac enhancement surgery. Seventy-five percent of the patients had complete
relief from vertigo, and over 90% of them reported that their vertigo was improved.
Only 5% of the patients had revision usually 3–4 years after the first procedure.
They reported that hearing preservation was achieved over 98% of the patients, and
40% of the patients hearing were improved. Serious sensorineural hearing loss after
endolymphatic sac procedure was reported only to be 2% [92].

Endolymphatic sac shunt and endolymphatic sac decompression are similar
operations, and both of them have similar results like more than 70% of vertigo
control [93]. Further investigations of shunt procedures according to their choice on
silastic placement and direct shunting to mastoidectomy cavity. Patients’ hearing
functions were reported better when silastic tube had not been placed, but vertigo
control rates were found similar (75.0–76.9%) [55, 91].

Endolymphatic sac surgery’s safety in elder population is also investigated and
established as safe. Sajjadi et al. presented their results in elder Meniere’s disease
patients aged 65 years and older. Seventy-seven percent of their patients reported to
have complete relieve of vertigo in 2-year follow-up, and no significant complica-
tions, sequels, or deaths were reported. The most major complication that reported
was cardiac arrhythmia which was recorded on 1.6% of the patients [94].

Vestibular neurectomy is another option while residual hearing presents. Ves-
tibular neurectomy with middle cranial fossa approach had 90% or above at vertigo
control while hearing preservation rates are reported to be 76–92% in 2-year follow-
up. However the long-term results showed that vestibular neurectomy did not
prevent the hearing loss progression, and 5–10 years after the procedure, nearly
50% of the patients had hearing loss [95, 96].

Quaranta et al. reported their findings on hearing preservation of patients who
had vestibular neurectomy, another group who had endolymphatic sac surgery, and
the group who refused to had any surgical interventions. Hearing preservation rates
were 58.6% in vestibular neurectomy group, 58.8% in endolymphatic sac surgery
group, and 50.0% of nonsurgical group in long-term follow-up, and no significant
difference was found [97].

Recent review of Kitahara et al. reviewed the results of different surgical inter-
vention results for intractable Meniere’s disease in 5–10 years. They also included
nonsurgical destructive treatment and intratympanic gentamicin administration’s
results. Over 90% of vestibular neurectomy cases, complete vertigo control
achieved while intratympanic gentamicin control rates were over 80%, endolym-
phatic sac surgery control rates were 70–80% and nonsurgical group vertigo control
rates were 25–70%. They also evaluated the hearing function preservation (10 dB or
higher) [93]. Their results were summarized in Table 3.

While vestibular neurectomy is superior to control vertigo attacks, endolym-
phatic sac surgery has better hearing preservation rates.

Labyrinthectomy is still the gold standard to control peripheral vertigo. How-
ever it is a highly destructive procedure. It destroys peripheral vestibular organ as
well as the remaining hearing function. It is advised for patients who had total
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hearing loss at the affected ear. Selective vestibular neurectomy has advantages on
this subject. Vestibular neurectomy interrupts the vestibular input while preserving
the hearing functions. Both of these procedures have very successful vertigo control
rates (98.8% for labyrinthectomy and 97.8% for vestibular neurectomy) [98–101].

De la Cruz et al. conducted a study to investigate the efficacy of surgical treat-
ment modalities. They evaluated 3637 procedures that were performed on 30-year
period, such as endolymphatic sac shunt, vestibular nerve section
(translabyrinthine, retrolabyrinthine, retrosigmoid, and middle fossa approaches),
and labyrinthectomy. They assessed the outcomes of these procedures with a ques-
tionnaire. Vertigo characteristics were reported to be improved at each group;
endolymphatic sac shunt and vestibular neurectomy groups also had stated that
their balance was improved. Some of the patients who had labyrinthectomy
reported that their imbalance worsened after surgery. All groups reported that they
still have some balance problems, while endolymphatic sac shunt group had less
problems, and labyrinthectomy group’s balance problems were worse than the other
groups [102]. Glasscock et al. [103], Schuknecht [104], and Kemink et al. [105] also
reported similar results.

It is reported that some patients’ vertigo attacks were recurred after vestibular
neurectomy. Incomplete nerve section, neuroma formation, inadequate compensa-
tion, vestibular disorder at the contralateral side, and unwanted nerve regeneration
were suggested as an explanation for these cases [106].

Vestibular neurectomy with translabyrinthine approach and labyrinthectomy
results is expected to be similar. De la Cruz et al. also compared these sub-groups
with each other and found that over 80% of each group had complete control of
vertigo; however labyrinthectomy groups stated that their current imbalance is
more severe than the translabyrinthine vestibular neurectomy group [102]; similar
results were reported by different authors [103–105].

Surgical outcomes are also related with preoperative factors. Teufert et al.
designed a study to assess the prognostic factors that could affect surgical outcomes.
They assessed patients with the AAO-HNS vertigo score and class, number of
vertigo attacks per month, current and change in AAO-HNS disability rating, and
vertigo and imbalance severity ratings and imbalance frequency. AAO-HNS dis-
ability rating, imbalance frequency and duration of symptoms were found related
to outcome. Higher disability ratings and more frequent imbalance are related with
poorer outcomes. Longer the symptoms had been presented, related with better
outcome. The characteristic of the vertigo was not associated with outcome. Also
patients who had contralateral tinnitus had worse outcome. If the first symptom
was vertigo, tinnitus was present at contralateral side, and poor visual function is
also found to be related with poor outcome [107].

In conclusion, there are many surgical procedures present nowadays, and each
one of them has advantages as well as disadvantages. Some of the results were
predictable, like hearing loss after labyrinthectomy. However surgeon must assess
the patient thoroughly and choose the most appropriate procedure for him/her.

Complete vertigo control (%) Hearing preservation >10 dB (%)

Vestibular neurectomy >90 50–60

Intratympanic gentamicin >80 50–60

Endolymphatic sac surgery 70–80 60–80

Nonsurgical 25–70 25–50

Table 3.
Results of interventions to intractable Meniere’s disease in 5–10 years.
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difference was found [97].
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phatic sac surgery control rates were 70–80% and nonsurgical group vertigo control
rates were 25–70%. They also evaluated the hearing function preservation (10 dB or
higher) [93]. Their results were summarized in Table 3.

While vestibular neurectomy is superior to control vertigo attacks, endolym-
phatic sac surgery has better hearing preservation rates.

Labyrinthectomy is still the gold standard to control peripheral vertigo. How-
ever it is a highly destructive procedure. It destroys peripheral vestibular organ as
well as the remaining hearing function. It is advised for patients who had total
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hearing loss at the affected ear. Selective vestibular neurectomy has advantages on
this subject. Vestibular neurectomy interrupts the vestibular input while preserving
the hearing functions. Both of these procedures have very successful vertigo control
rates (98.8% for labyrinthectomy and 97.8% for vestibular neurectomy) [98–101].

De la Cruz et al. conducted a study to investigate the efficacy of surgical treat-
ment modalities. They evaluated 3637 procedures that were performed on 30-year
period, such as endolymphatic sac shunt, vestibular nerve section
(translabyrinthine, retrolabyrinthine, retrosigmoid, and middle fossa approaches),
and labyrinthectomy. They assessed the outcomes of these procedures with a ques-
tionnaire. Vertigo characteristics were reported to be improved at each group;
endolymphatic sac shunt and vestibular neurectomy groups also had stated that
their balance was improved. Some of the patients who had labyrinthectomy
reported that their imbalance worsened after surgery. All groups reported that they
still have some balance problems, while endolymphatic sac shunt group had less
problems, and labyrinthectomy group’s balance problems were worse than the other
groups [102]. Glasscock et al. [103], Schuknecht [104], and Kemink et al. [105] also
reported similar results.

It is reported that some patients’ vertigo attacks were recurred after vestibular
neurectomy. Incomplete nerve section, neuroma formation, inadequate compensa-
tion, vestibular disorder at the contralateral side, and unwanted nerve regeneration
were suggested as an explanation for these cases [106].

Vestibular neurectomy with translabyrinthine approach and labyrinthectomy
results is expected to be similar. De la Cruz et al. also compared these sub-groups
with each other and found that over 80% of each group had complete control of
vertigo; however labyrinthectomy groups stated that their current imbalance is
more severe than the translabyrinthine vestibular neurectomy group [102]; similar
results were reported by different authors [103–105].

Surgical outcomes are also related with preoperative factors. Teufert et al.
designed a study to assess the prognostic factors that could affect surgical outcomes.
They assessed patients with the AAO-HNS vertigo score and class, number of
vertigo attacks per month, current and change in AAO-HNS disability rating, and
vertigo and imbalance severity ratings and imbalance frequency. AAO-HNS dis-
ability rating, imbalance frequency and duration of symptoms were found related
to outcome. Higher disability ratings and more frequent imbalance are related with
poorer outcomes. Longer the symptoms had been presented, related with better
outcome. The characteristic of the vertigo was not associated with outcome. Also
patients who had contralateral tinnitus had worse outcome. If the first symptom
was vertigo, tinnitus was present at contralateral side, and poor visual function is
also found to be related with poor outcome [107].

In conclusion, there are many surgical procedures present nowadays, and each
one of them has advantages as well as disadvantages. Some of the results were
predictable, like hearing loss after labyrinthectomy. However surgeon must assess
the patient thoroughly and choose the most appropriate procedure for him/her.
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The outcome has a very close relationship with patients’ psychological state.
Patients who did not have any psychological problems were reported to have better
outcomes from treatment (surgical or nonsurgical). Surgical procedures found to
be more effective than nonsurgical treatment at the patients with psychological
problems [62].

4. Vestibular compensation after the surgery

It could take months to compensate the loss of unilateral vestibular input. Thirty
percent of the patients were reported to have disequilibrium after the vestibular
surgery. Pereira and Kerr demonstrated that most patients after labyrinthectomy
reported that their vertigo had been relieved completely, but only 50% of them
were able to return to their routine lifestyles [108]. Vertigo control is the first goal
of the surgery, but compensation after surgery should not be underestimated.

The recovery after vestibular neurectomy is reported longer than
labyrinthectomy and usually more incomplete; it is reported that postoperative
ataxia incidence of vestibular neurectomy is 11%, but labyrinthectomy rates are
reported 2% [109].

Vestibular rehabilitation is mandatory for all patients before and after the sur-
gery. The rehabilitation program should be customized for each patient. Patients
who had additional sensory deficit, visual problems, or neurologic conditions are
candidates for delayed recovery. Psychological factors also play an important role in
recovery phase.

Labyrinthectomy failures could occur if the diagnosis had been wrong or the
neuroepithelium removal had been performed incompletely. Vestibular compensa-
tion of these patients was inadequate. Late failures of this procedure could be a
result of central decompensation, but it responds to vestibular rehabilitation [110].

Vestibular neurectomy failures are usually associated with incomplete section of
the vestibular nerve fibers. If the condition worsens, revision surgery should be
considered.

Vestibular rehabilitation has a very important role after vestibular neurectomy
and labyrinthectomy. Both procedures cause a complete loss of unilateral vestibular
function. Vestibular rehabilitation is accepted as the best way to improve
imbalance problems and regenerate patients’ daily functions. The rehabilitation
program must be customized. The somatosensory system is the first one to adapt,
disequilibrium reduces within 3 weeks, and postural stability prevails months
after [111].
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