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Introduction Meniere’s disease(MD) is described as an idiopathic syndrome of endolymphatic hydrops. ftis
long standing, disabling disorder of disequilibrium and hearing loss that affects patients during their activities
of daily living. The classical symptoms described in MD are vertigo, tinnitus, hearing loss and aural fullness.
The understanding of the pathophysiology
over th

e disease as well as its clinical co-relation has transformed
ears on the basis of various clinical experiments, autopsy reports and long term follow up of affe
patients. However, cure or resolution of the symptoms associated with Meniere’s disease has been difficult to
achieve. Treatment options and rehabilitation options available to patients have also undergone significant
changes since the disease was first described by Prosper Meniere in the 19th century. The standard treatment
of Meniere’s disease is conservative - lifestyle and diet modification and medical - diuretics and betahistine.
When these measures fail, intratympanic injections of gentamicin or steroid are given. There is no consensus
on the doses or protocol of intratympanic injections for intractable Meniere’s. Regimes differ between centers
and opinions are divided as to which therapy is more efficacious. Hence there is a need for a study that
compares two of the common interventional treatments used, in the failure of medical therapy. Gentamicin
and steroids are the common drugs used for instillation into the middle ear through an intact tympanic
membrane, following failure of medical therapy in the control of symptoms of Meniere's disease. Both
Gentamicin and Methylprednisolone have been used as standards of care in patients with MD. However, both
drugs have problems associated with their usage, including hearing loss, disequilibrium, pain following
injections and recurrence of complaints. Hence, there has been no standardization of drug dosage or usage in
the treatment of MD. This study was undertaken to objectively compare the efficacy of the 2 drugs when
administered as an intratympanic injection in patients with intractable unilateral MD, in terms of control of
symtoms, effects on hearing levels and other possible side effects and thereby to help better understand the
role of these treatment modalities in Meniere’s disease
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Abstract

A Randomised Control Trial comparing the effectivenesatoiitympanic
Gentamicin with mtratympanic Methylprednisolone in the treatment of patients

with unilateral intractabl&e ni er ed6s di sease

Objective To compare the eftctiveness ointratympanic Gentamicin with
intratympanic Methylprednisoloneith regards tosertigo control, tinnitugontrol,
hearingand functional scorenprovemenin the treatment of symptoms in patients

with unilateral, i rwithrnansérvickablehedvimgn i er e 6 s d i
Study designRandomizegrospectiveparallel group trial
Setting Tertiary care centrim south India

Subjects and methodswentypatients with defireu ni | at er all Meni erebd
average pure tone threshold more th@rdBin the affected eawvere enrolled

between November 2016 and August 2HI&venpatients were treated with

intratympanic buffered Gentamicin (total of 4 injections, 40mg/ml, given on alternate
days).Elevenpatients were administered intratympaniethylprednisolone (total of 4
injections, 40mg/ml, given on alternate day&re tone audiogram, vertigo episodes,
dizziness handicap inventory, tinnitus handicap inventory and functional scores were

compared pre intervention and 3 months post interventio

Result In the gentamicin group, of 11 patien?s(63.6%)were completely free of

vertigo episodes at 3 month follow up. 3 of 11(27.2%) patients in the
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Methylprednisolone group were vertigo free at follow up. Gentamicin group had better
post interventin Dizziness handicap Inventosgores [(=0.016) and Functional score
(p=0.019). The change in hearing in both groups, post intervention was statistically
insignificant =0.36 Conclusionl n pati ents with wunil ater
disease with hemng loss >50dBand with namprovementon medical therapy4 doses

of 40mg/mlintratympanic Gentaiain results inmprovement in total DHI score, DHI
functional score, DHI emotional score, Functional level scaiéh better vertigo

control rateand ro significant worsening of hearing
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Introduction

Me n i aiseas#MD) is describedas an idiopathic syirome of endolymphatic

hydrops.

It is a long standing, disabling disorder of disequilibrium and hearing loss that affects
patients during theiactivities of daily living.The classical symptoms described in

MD are vertigo, tinnitus, hearing loss and aural fullness.

The understanding of the pathophysiology of the disease as well as its clinical co
relation has transformed over the years on #sshof various clinical experiments,
autopsy reports and long term follow up of affected patients. However, cure or
resolution of the symptoms associated Wwith has been difficult to achieve.
Treatment options and rehabilitation options available t@pitihave also undergone
significant changes since the disease was first described by Prosper Methere

19" century The standard treatment BID is conservative lifestyle and diet
modificationandmedical- diuretics and betahistine. When theseaswges fail,
intratympanic injections of gentamicin or steroid are given. There is no consensus on
the doses or protocol of intratympanic injections for intracttdile Regimes differ
between centers and opinions are divided as to which therapy is moaeiefis.
Hence there is a neéor a study that compares two of the common interventional
treatments used, in the failure of medical ther&mntamicin and steroids are the
common drugs used for instillation into the middle ear through an intact tympanic
membrane, following failure of medical therapy in the control of symptoriv{nf
Both Gentamicin and Methylprednisolone have been used as standards of care in

patients with MD. However, both drugs have problems associated with their usage,
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includinghearng loss, disequilibrium, pain following injections and recurrence of
complaintsHence, there has been no standardization of drug dosage or usage in the

treatment of MD.

This study was undertakdn objectively compare thefficacy of the2 drugs when
admnistered as an intratympanigectionin patients with intractable unilaterally

in terms of control of syptoms, effects on hearing levels and other possible side
effects andhereby tahelpbetter understand the role of these treatment modalities in

MD.
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Aim
To compare the effectivenessinfratympanidGentamicin(l TG) with intratympanic
Methylprednisolon€l TMP) in the control of symptoms in patients with unilateral,

i ntractabl e Meniereds disease with non se



20

Objectives

To compare the effectiveness@entamein with Methylprednisolone in the
treatment of intractable unilateral Me ni e
1. Pre and post treatment hearing in both groups

2. Pre and post treatment tinnitasbioth groups

3. Pre and Post treatment dizziness in both groups

4 . Pre and post treat mente.funttianalscalef Meni er
achieved in both groups

5. Side effects if any, in both groups
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Review of literature:

HistoryofMe ni er eds di sease

In the 1800s, patients who presented with complaints of giddiness and ringing sound

i n the ear, were believed t dProsperMeniefef er i n
was a French physician who worked at a deaf mute institiRari He first noted,

that patients who had damage to the inner ear, complained of vertigo and hearing

losg(1)

Prosper Meniere
1799-1862

Fig 1. Prosper Menie(2)

He presented his paperin 1861 tidleéda r eport on | esi aises of t

to symptoms of cerebral congestion of apc

In his first case report he talks about a healthy male who would experience sudden
attacks of vertigo with nausea and vomiting with no probable cause and with

intermittent periods of perfect hifa. This was followed by loud noises in both ears
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that occurred constantBccompanied with decreased hearing, first in one ear followed
by the other. Based on this constellation of symptoms, Meniere postulated that they
were all due to a single disea®¥th further studies on patients with vertigo and
following autopsy reports on patients with vertigo and hearing loss, he was convinced

that these symptoms found origin in the inner ear.

Following his presentation in 1861, he was cited by Trousseaudpex pn cerebral
congestion and epilepsyrousseamm ot ed t hat o&écerebr al conge
di fferent disorders and ci tleaditolMadyni er ed s
debates at the Academy ofeldlicine leading practitioners to question fbendations

and teachings of Hippocrates and Galen.

However, it was only after his death tiat o s p e r tiveries aad seidies on

inner ear diseases found due recogniibn.

s di sease

(@)}

Meni er e

Meni ereds disease is a clinical syndr ome
hearing loss, tinnitus, episodes of spontaneous vertigo and aural fullh@ssver
these symptoms may present with great variability agsiopatients and hence,

various <criteria have been | aid down to ¢

The Japanese Society for Equitirium Researchin 1974 proposed a clinical criteria

to define Menierebs2i sease. This compri ¢
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a. attacks of whirling vertigadizzy spells, accompanied by nausea or vomiting that

last several minutes to hours.

b. Fluctuating cochlear symptorfflactuating tinnitus and hearing loss that is
synchronous with the vertigo attacks, associated with fullness and sensitivity to loud

sounds in the affected ear.

c. exclusion of neurological disorders, other cochleovestibular diseases #&hd VI

nerve disorders

Based on these criteria, they defined

DefiniteMe n i é alle @reeriapresent a,b and c

OSuspicious or -annZcaeteria @asend akbebrOR & and © s

Following this, in 1995, th€ommittee on Hearing and Equilibrium American
Academy of Otolaryngology Head and neck Surgeryput forth the following

definitionq2)
Certai n Me eiddimteMDsalongiwghéiatepathological confirmation
Definte Me ni e r e 6 2 or horesepisodes of spontaneous vertigo lasting 20

minutes omore, with audiometrically documented hearing losstdeasibne

occasion with tinnitus and aural fullness in the affectedothercauses excluded

Probabl e Me nonedefmitive epidadesoé verige with audiometrically
documented hearingds onat leasbne occasion with aural fullness and tinnitus in

the affected ear.
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Possi bl e Me nepisodievértgo withositelasmented hearing loss OR
sensorineural hearing loss that is fluctuating or fixed with disequilibbiutmo

definitive vertigo

The Barany Societycomprising of neurmtologists, scientist, physical therapists who
work in the field of vestibular disorders, setthp dassification committee for the
International Classification of Vestibular Disorders(ICVD) in 2005 to furher

clarify the nature of Bsymptoms in Menier e
Definite MD:

- Two or more spontaneous episodes of vertigo lasting 20 minutes to 12 hours
each

- Sensorineural hearing loss (low to medium frequency) documented
audiometrically orat leasibne occasion before, after or during the episodes of
vertigo

- Fluctuating aural fullass, tinnitus or hearing in the affected ear

- Not better accounted for by another vestibular diagnosis

Probable MD

- 2 or more episodes of vertigo lasting 20 minutes to 24 hours
- Fluctuating aural symptoms in the affected ear

- Not better accounted for by ahet vestibular diagnosis
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Low frequencysensorineural hearing losSNHL) is defined as an increase in the

pure tone threshold for bone conductipnat least30 dB in the affected ear as

compared to the opposite ear aach of two contiguous frequencieaslow 2000Hz.

In bilateral SNHL the absolute threshold for bone conduction should be 35 dB or
higherateach of 2 contiguous frequencies bel
disease can also affdbie middle and high frequencies after several episodes of

vertigo that can progress tmuse a pan total hearing loss represented by a flat curve.
(3)

A temporal association is noted between vertigo and hearing loss, with patients
reporting a change in hearing within 24 hours of the vertigo epigdsie, while the

hearing loss is fluctuating type in the early stages of the diseasepihbs permanent
after repeated attacks. Once the hearing loss is permanent, the tinnitus also becomes

permanent.

Variations in symptomatology

While most patients report entirely spontaneous episodes of vertigo, some patients
have reported the presence adtdry triggers like caffeine or a high salt diet that may
precede these attacks. Patients also report episodes of vertigo triggered by high
intensity sounds6 Tul | i 06 s [®)his beleved that thi® may occur in the
later stages of the diseasdien the advanced hydrops brings the membranous
labyrinth in closer proximity to the stapes footplate. Patients have also reported
vertigo episodes that may last less than 20 minutes or more than 24 hours, but both

these are rare.
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There can also be compt#s of sudden falle. loss of vestibule spinal reflexes lasting
seconds or few minutes. These are called drop vestibular attacks/ otolithic crisis or

Tumarkindés otolithic crisis.

Famil i al Meni erebds disease: i ffisalithe mor e
criteria for definite oprobable MDit can be classified as familial MOt is noted in

8-9 % of populations of European descent. The usual pattern of inheritance is
autosomal dominant, however mitochondrial and recessive patterns of imterita

have also been reportg@) The COCH gene on chromosomeid4eportel to be

involved in familial MD while a mutation in chromosome 6 is reported to be a pre

disposing factor for familial M4)

Anatomy of the inner ear

The inner egralso called athelabyrinth,comprisef the organs responsible for
hearing and equilibrium. The inner ear comprises of 2 parts, the outer bony labyrinth

and the inner membranous labyrinth.

The bony labyrinth is divided into the vestibule, 3 semicircular canals and the cochlea.
The membranauilabyrinth is also divided into the utricle and saccule (within the
vestibule), the semicircular canals and the cochlear(duitiin the cochlea)Of this,
the vestibule, with the utricle and saccule and the 3 semicircular canals are involved in

equilibrium while the cochlear duct is responsible for hearing.

f
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Fig 2 Diagram of inner ear anatoii®y

The bony labyrinth is filled with fluid viz perilymph, while the membranous labyrinth
is filled with endolymphEndolymph from the saccule and utricle drains into the
endolymphatic dudfED) which travels to the petrous part of the temporal honere

it lies in close association with the dura matéere, the duct expands to form a sac
from where endolymph can be secreted and absorbedndolymphaticsac(ES)

terminates in the epidural space of the posterior cranial fossa
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Perilymphatic duct
(agueduct of cochlea)
in cochlear
canaliculus

Fig 3. Diagram showing membranous labyr{Bdh

The aqueduct is visible on computednographyand the normal E@nd ESwith its
stroma can be seen on magnetic resonance (MR) imadiegluct is seen as a single
lumen tubule about 2 mm in length while g2 is much larger and formed of a

highly complex structure of interconnecting cisterns, crypts and tulitleproximal

part of the sac which is intra osseous is seen to be lying within the transversely
widening, vertical segment of the aqueduct and is covered posteriorly by a thin scale
of bone posteriorly called the operculum. The distal extra osseous portlwnszc

rests on a groove on the posterior wall of the petrous part of temporal bone, between
the layers of dural' he extra osseous portion of the sac may vary from 5to 7 mm in
width and 10 to 15 mm in length. The bony aqueduct measures 6 to 15 migtim len

and 3 to 15 mm in widtHn humanfoetusesandnew-borns upto 1 year of age, the
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sac consists of a single lumen. Tubularity develops rapidly and becomes of adult
complexity by 3 or 4 years of age. The tubules of the ES are oriented longitudinally,
aremore complex in its proximal and middle portions, and more confluent distally.
The periductal and perisaccular supportive tissue iswesitularized and loesuntil

it gradually condensetdistally to merge with the dura. The duct and sac contain only
smdl amounts of endolymphatic fluid and are not surrourtgegerilymph The

remaining of the membranous labyrinth comprises of smaatted channels, filled

with large quantities of endolymph, lying along ducts with even larger amounts of
perilymphatic flud. The arterial supply of the endolymphatic duct and sac is the
occipital artery. Venous drainage is into a vein near the external opening of the
aqueduct and through venules that drain into the sigmoid sinus. The duct and sac
perform absorptive ansecreéory, phagocytiand immunodefensive functions. The

bony aqueduct has been extensively studied using multidirectional CT in its role in
Meniere disease. MRI studies show that patients with Meniere disease often have a
small or invisible endolymphatic sandhthis lack of visibility is foundo correlate

with the clinical course of the disease. Contrast enhancement may be seen when the
duct or sac is inflamed. Sacs distended with endolymph can be seen protruding from

the large aqueduct using MRI on-W&ighted images6)

The endolymphatic sac is lined by cuboidatl squamous cells and the lumen of the

duct measures 0-A.2mm in diameterThe sac can be divided into 3 parts

-Proximalpart rugose

-intermediate part
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-Distal part smooth

The lumen of the sac contains macrophages, cell debris and blood cells, mainly

leukocytes(3)

The functions of the endolymphatic sac have been described by Gibson and Arenberg

as @)

- Resorption of water from the endolymph

- Participation in ionic exchange

- Removal of debris

- Immunodefense of the ear

- Inactivation and removal of viruses

- Secretion of glycoproteins and saccins that increase production of endolymph

Production and circulation of endolyniph

Endolymph is believed to be produced by the dark cells of the stria vascularis in the
scala media. From the scala media, it circulatesuiirahe cochlear duct, and via the
ductus reunions, enters into the saccule. From the saccule, endolymph enters into the
endolymphatic duct and to the endolymphatic sac. The endolymph is then absorbed
through the intact wall of the endolymphatic sac et enters into CSF

circulation7)

Flow of endolymph

Dark cells in stria vasculars scala media» ductus reunions saccule»

endolymphatic duct» endolymphatic sae reabsorbed into CSF
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Chemical composition of inner ear fluids:

The chemical composition of inner ear fluids has been found to be as f@@pws

lon Endolymph Perilymph Csf
Sodium (meg/L) |5 140 152
Potassium (meg/L) 144 10 4
Proteinmg/d| 126 200400 20-50
Glucosemg/dl 10-40 85 70

B stria Vascularis BC hic

£7TIIN

#

intrastrial compartment tight junctions

+100 mV
150 mM [K*]

C  Organ of Corti

C
tight junctions

Fig 4. Diagram showing inner ear fluids and their ionic compos{Bdn
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While endolymph is rich in potassium ions, the perilymph is deficient in potasium.
is thisdifference in the ionic composition of the fluids that contributes to the clinical

symptoms associated with the disease

Pathophysiology

The classic pathologatlesion of Meniere disease is termed endolymphatic hydrops.
This lesion can be definitively diaosed only bypostmortemhistopathologic

analysis of the temporal bone. The condition is associated with endolymphatic
hydrops with distortion and distention of the membranous, endohgoptaining
portions of the labyrinthine system. Multiple potentialises of endolymphatic

hydrops have been proposed

Theories ofaetiologyof Me n i aisease s

1. Blockage at the endolymphatic sac or duct
2. Hypoplasia of the vestibular aqueduct

3. An immunologic mechanism

4. Genetic predisposition

5. Viral aetiology

6. Vascularaetiology
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Healthy inner ear Meniere's disease
Endolymphatic sac

Backed-up fluid
leads to swelling

Balance# Hearing and and pressure
canal balance nerve
\
4 .
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distorts
balance

Distorted
information
travels to brain

information

Hearing canal
Swelling distorts
sound information

Fig 5. Diagram to show endolymphatic hydr¢gs

Endolymphatic hydrops has been a very common pathologic finding in temporal bone
histopathologic investigations, since it was first recognized and reported by Hallpike
and Cairns and &makawa

It was Kimura in 1967 who proved that endolymphatic hydrops could be caused due
to blockage of the endolymphatic dugthis was done by inducing experimental
endolymphatic hydrops in guinea pigs by blocking the endolymphatic sac and duct.
This evdence finally proved that the flow of endolymph was towards the sac and that
obstruction along this path could cause hydr@ps.

Histopathologic sections of the inner garpatients with documented symptoms
suggestive oMe n i e r e §demahstrateballoaning out of the saccular
membranecommonlymaking contact with the vestibular aspect offthaplate of

the stapes.
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Hence it can be concluded thatyaanatomical or physiological blockage to the flow
of endolymph could causgrmaptoms and it is this symptom complex thatusrently
labelledasM ni er eds di sease.

However, it is the sudden, inteittent attacks with intervening periods of good health

that pose a problem as to its pathophysiology.

Once such theory to explain the intermitt
Orupture theorybo

Schuknecht et al reported that ruptures (fistula#henrmembranous labyrinths

between the endolymphatic and perilymphatic spase been noted post mortem

Rupture of an inner ear membrane, which may cause electrolyte imbalance, has been
thought to be a cause of an acute attack of MD with sudden vertigoeaning loss

The resulting biochemical gradient depolarizes the cochlear and vestibular hair cells,
resulting in acute loss of function. Once pressure between the endolymphatic and
perilymphatic space is equalized, the membrane rupture can seal avguraps"

restore the normal gradient and hair cell functlarcases of MD, thin monomeric
labyrinthine membranes have been noted, probably secondary to multiple ruptures that
occur during the course of the dise@yét is important to remember that ortlye

surface of the Organ of Corti is bathed in endolymph while the main body of hair cells
and support cells are bathed in perilymRBlepeated ionic insults eventually lead to
degeneration of the hair cells. Cytologic changes in hair cells with potassium
intoxication have been suspected to be responsible for the hearing loss that occurs in

MD.
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In some other studies, there has been an alternative theory that is proposed to explain
the episodic vertigo. Distension of the endolymphagiace due to inelased

secretiongrom the stria vascularis or a blockage in the outflow of endolymph, can
cause a mechanical deflection of the macula and the crista ampullaris. This could

cause movement of the otoliths that leads to the subjective sensation of @ejtigo.

The temporal bones of patients with a long standing clinical history of MD having
severe sensorineural hearing loss demonstrate loss of cochlear hair cells and spiral
ganglion cells, mainly in the apical turn@dchlea. It has been shown that primary
dendritic neuronal degeneration spreads along the cochlea, resulting in a decrease in
density of hair cells. The permanent threshold shift of hearing is related to this
degeneration of sensory elemeatsl reductionn density of hair cellg) Also,

hydropic distension of the inner ear is believed to mechanically alter the travelling
sound wave, and may be responsible for the fluctuating hearing loss and low
frequency hearing loss noted early in the disease(3)

Thetinnitus that is noted in such patients is believed to be secondary to the
sensorineural hearirigss

As reported by most studies, the symptom
explained by a combination ehdolymphatidydrops causing mechanical altevas

along with biological and biochemical factors.
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Animal studies have shown thalcium is transported into the endolymph of cochlea
and out of endolymph in the saccule acle. Thepossibility that endolymphatic
hydrops may arise from disturbancecalcium flow rather than changes in endolymph
volume has been debated. One of the main regulators of the electrochemical gradient
within the cochlea is the stria vascularis. This struasiedso responsible for the
production of endolymph. In tempofabne studies, relativeghemia of the stria
vascularidhas been described in patients with a history of Mibether thisschemia

is the result or cause tife hydrops remains to be determined, but these findings serve
as additional evidence that dysreagidn of the electrochemical gradient may be a

pathophysiologic mechanigm)

Incidenceand demographic profile of patients in literature

In view of the diagnostic dilemma associated with tlsease, various studies have
attempted to report the incidence of Meni
been reported to be around-20/ 100,000 (3)

Stahle et al in 1973 studied the incidence among the population of Sweden and found

an incidence of6/100,000. Wilmot in Ireland has reported an incidence of 10

20/100,00 while studies in Japan carried out from 1975 to 1990 corroborated an

incidence of 1617/100,000 population.

In the USA, Wladislavosky and Waserman, studied the population in Mimnesot

between 19531980 and have reported an incidence of 15.3/100,000.
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Paul Selvakumar et al from South India have presented literature suggestive of an
incidence of 15.6/100,0Q®)amongst the Idian population. @erdemographic

features reported include, male: female ratio of 2.6:1 with the average age of diagnosis
being 45 for males and 39 for females. 84% of the patients presented with hearing loss
while 79% complained of typical intermittent dizziness. 87% alsoptaimed of

tinnitus while 71% had aural fullned$)

The first symptom in MD is usually reported between tig®the 4" decade of life

with the disease becoming manifest most commonly in'freedade. While MD has

not been commonly reported in chilmbd, there have been reports of patients as

young as 6 years of agd)

Natur al hi storvy: of Meni ereds di sease

Patients with MD have been noted to be poor historiansresghecto the temporal

profile of symptoms reported. While this could be due to the anxiety and troublesome
nature of symptoms, it is also noted that most patients tend to remember the more
bothersome of the symptoms before the others. This means that while hearing loss or
aural fullnessnay precede the onset of vertigo, a number of patients note the onset of

their disease with the onset of vestibular symptoms as they are more disabling.
@QVestibul ar sympt oms a ssecaninciudeepsodici t h  Me n |
vertigo with nausea/ vomiting or both, a feeling of disequilibrium or imbalance and

drop attacks. Drop attacks are described as sudden loss of muscle tone due to

vestibular disequilibrium that causes the patient to fall violenttiigayround. These

have been descri bTaudnaa ® Gnféal(l i ng spell s of
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Classical Cochlear symptoms described are progressive, fluctuatingisemsd

hearing loss, tinnitus andtolerance of loudneg$3)During the course of the disease,

cochlea symptoms often supersedestibular symptoms. This is probably explained

by the fact that hydrops normally begins in the pars inferior of the labyrinth and the
cochlear duct. However because vertigo is a more disturbing symptom, its onset is

often markeds the onset of the disease, whereas the cochlear symptoms may have
preceded it. Various descriptive studies have noted that vertigo is frequently reported

to be the most disabling symptom of Meni e
The duration ath severity of the vertigo maybe varied and have been found to last

from 1 hour to more than 24 houfie frequency of attacks also varies with patients

reporting as many as €0 attacks per month.

During the early stages of the disease, hearing ldesrigl to involve mainly the
lower frequenciegRisingaudiogram). With progression of the disease, higher

frequencies are affected and patients can present with flat audiogBams.

Hearing loss in Meniere's disease
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Fig 6. Audiogram showing low frequency hearing (@%s
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Fig 7. Audiogram showing hearing loss involving all frequendias audiogran(i2)

Usually, hearing is found to deteriorate during the first few years of the disease and
eventually the labyrinthine loss of function ceases and the disease stabiizes.

Commi ttee on Hearing and equilibrium has
the PTA at presentation. The PTA has been taken as the average threshold of hearing

at 0.5, 1, 2 and 3 kHz4)

Stage 1 PTA <25

Stage 2 PTA 280

Stage 3 PTA 410

Stage 4 PTA >70

The natural history of the disease can be progressive or non progressive. Patients with
progressive disease do not respond to medical therapy and present with incapacitating

symptoms and are candidates for surgical management. Whendhsedis non
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progressive, patients can be managed on meittieedpy. Thenatural history of

Meni erebs disease Iis unpredictable. |t i

‘N

the frequency of attacks first increases, then decreases. Bilateral@aement is
more common with increasing disease duration: 15% in the first 2 years, 35% after 10

years, and up to 47% after 20 y¢ass

Based on the natural history of the disease, FilipoBartara 8) have described a

staging system

Disabling stage -Ipatient presents with full blowrysiptoms
Stabilised stage-Absence of vertigo

Bilateral stage 3progression to involve opposite ear

The incidence of bilateral diseageonsetas been reported to vary from 2% to

78%(3) Paparella and Griebealysed 360 patients and found that 1 imgmts with

Me ni e r e 6had biaterslesysmptems. In order to aid the diagnostic criteria of
bilateral disease, Greven and Oosterveldt established a need for sensorineural hearing
lossof morethan 15dB in the contralateral ear with tinnitus and presef

recruitment. However, Conlon and Gibson, studied the incidence of hydrops in
asymptomatic contralateral ears and found that 10% of ears had electrocochleography
readings suggestive of hydrops. This frequency of bilateral disease indicates the need

for conservative management of Meniereods

There are a number of patients who present with partial symptoms and cannot be
characterised as typical Meni erebds di seas:s

further be divided into
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a.Cochl ear Me nflucduatied) @mogreéssige sensoeneural hearing loss

associated with aural pressure in the absence of vestibular symptoms or findings.

b. Vesti bul ar-oddarancesof epifodic vdriige and disequilibrium

associateavith pressure in one or both ears.

Delayed endolymphatic hydrops:

It represents a clinical condition characterized by episodic vertigelafed onset

causing sudden and profound sensorineural hearing impairment in one ear.

Schuknecht in 1978 elaborated itsaetiologya n d put forward the t
endol ymphatic hydrops (DEH) 06, and, for tfF
ipsilateral and contralateral. Ipsilateral type refers to profound hearing loss followed

by vertigo at the same edn the contralateral counterpart, hearing loss develops prior

to vertigo of the contralateral ear. Pathophysiologically, DEH shares some features

with Me n i diseask,ssuch as the endolymphatic hydrops and can be treated using

the same principle@s)

Differential diagnosis for MD

Vestibular migrainemigraine and MD can be inherited as a cluster of symptoms.
While fluctuating hearing loss, tinnitus and aural fullness may occur in vestibular
migraine, the hearing loss doeg poogress to severe hearing SNHL over the years.

Hearing loss in vestibular migraine, when it does occur, is bilateral from the onset. As
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endolymphatic hydrops has been reported in patients with vestibular migraine, some
scientists attribute the overlap $ymptomatology to a common ion pump

dysfunctior{3)

Autoimmune inner eatiseasethis is a syndrome characterised by rapidly
progressive, fluctuating, bilateral SNHL that occurs over a period of days to months.
Vestibular symptoms may be present in 50% patients with systemic autoimmune

disorde noted in 1530%(3)

Transient ischemic attack and strekdood supply to the inner ea from the
vertebrebasilar circulation. TIAs characterised by combined audio vestibular
symptoms commonly result from ischemia of anterior inferior cerebellar artery which
branches to the internal auditory artery. Basilar artery occlusion can alsoleeaese t
symptoms. Transient giddiness, with tinnitus and hearing loss may occur as a
premonitory TIA prior to a stroke which causes permanent hearing loss or permanent

vestibular losg3)

Testing for Meni erebdbs di sease

While the diagnosis of MD is primarily clinical in nature, there are various tests that
can be used to aid ourderstanding and staging of the dise@deresent, there is no
pathognomic test available for the diagnosis of MD. However, some more specific
information about the function of the inner ear can be acquired while performing the

electrophysiological studse
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Caloric testing: this is a test of function of the semicircular canals. Here, irrigation of
the external canal with hot or cold water causes the endolymph within the ipsilateral
semicircular canal to move. The direction of movement of the endolymyses#he
cupula to be deflected causing excitation of the vestibular nerve endings that causes
nystagmus, Reduction in the caloric response in the affected ear in MD has been

observed in 479% of patients, with absent caloric reflexes reported-ih166(7)

Head impulse test this test assessé¢he integrity of the vestibulecular reflex
during rapid head movements. The VOR is mostly preserved in patients with MD with
only 13% of patients having been reported to have an abnormal head th(ust test

This tells us that MD preserves themicircularcanal function.

VEMP: The vestibular evoked myogenic potential (VEMP) tdstssaculocoic

reflex. The afferent limb of this reflex lies within the acousticallgstve cells in the
saccule which carry the sound reflexes via the inferior vestibular nerve. The efferent
limb terminates in the fibres of the sternocleidomastoid muscle of the same side. The
VEMP response idependenbn the threshold and frequency béttesting sound as

well as the resonating properties of the saccule. In endolymphatic hydrops, the
resonance properties of the saccule are affected. VEMP responses were found to be
reduced in 5564% of patients with MR10) Patients who complain of drop attacks

have also been found to have a greater reduction in their VEMP responses. VEMP can
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be used to measure severity of disease inddvell as to provide prognosis on

bilateral diseasglo)

Pure tone audiometry. This is the basic audiological test used in the diagnosis and
follow-up of MD. It also has a role disease staging, prognosis drehtment
decisions. Progressive, fluctuating sensorineural hearing lossitralyimffects low
frequencies is thelassicafinding in MD. While low frequencies are more common,
hearing loss can affect all frequencies in advanced disease, which is represented by a
flat audiogram. Configuration of the audiogram however, cannetbb¢ly diagnose
MD since there is no specific pathognomonic audiometric pattern described.
According to the AAO HNS CHE guidelines, the mean pure tone air conduction
hearing threshold noted at the frequencies of 0.3, dnd 3 kHz determines hearing
level. Pure tone hearing thresholds at 125 kHz and 8 kHz can determine 98% of
patients withouMe n i e r e Gasd 9d% of gagentewith. Also, the presence of
moderatefrequency (502000 Hz) and higtirequency (20068000 Hz) hearing loss

at the onset ofidgnosis worsethe prognosis of hearings)

Speech audiometry dueto hearingdeterioration, it has been found that the speech
discriminatbn score and speech reception threshold are also impaired in MD. The
mean speech discrimination score has been found to be 53% or lower-teriong

disease. The speech discrimination scores and speech reception thresholds in patients
whose hearing threshus are 40 dB or above are worse compared to MD patients with

better hearing(11)
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Mutifrequency tympanometry : Multifrequency tympanometry (MFT) is able to
measure eardrum impedance by changing the frequency of the sound wave used for
measurement; thus naaing resonance frequency and conductance. MFT performs
measurements by continuously changing frequencies, and is able to measure
conductance, susceptance, and admittance (reciprocal of impedance). When the
frequency is increased, conductance shows biimakk beyond resonance

frequency, unlike susceptance and admittance. Darrouzet et al., recently reported that
measurement of G width (the widthtbie bimodal peaks for the waveform obtained

in tympanometryvhen measuring conductance at 2000 Hz) with M&i be used to
determine endolymphatic pressure. FraNogal et al. in a French study, reported that
measurement of G width with MFT can be used to diagnose MD. Resonance
frequency measured by MFT is approximatelyiZBI00. Conductance clearly

presents hodal peaks around 2000 Hzatients withtMe n i alisease have been

found to have incised G widthin MD patients, there is a possibility that there is a
potential EH in the unaffected side, although there is no symptom. In addition to the
affected eaof MD patients, the G width of the unaffected ear was also wider than that
of the controls. Literature shows that 14D0 daPa may be appropriate asdheoff

value for G width for diagnosis of MD. MFT causes little discomfort for patients,
requires litle time to perform, and can be performed by paramedics. Thus, MFT could
be a simple EH screening test. MFT may be useful in screening for MD and
measurement of change in G width over time might be effective in clarifying the

status of MD(19)
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OAE: Otoacoustic emissi@{OAE) - distortion product, are morersstivein the
diagnosis of MDthan audiometry; hence, the use of OAE is recommended,
particularly during the glycerol test. It was reported that delayed evoked and distortion
product OAE amplitudes were lower in the raffected ears of patients with MBan

in healthy control subjec(d.1) Data inliterature suggesthat OAEs may help

monitor the initial phase of MD and may be able to identify the precise cochlear site
involved in an MD crisis. De Kleine et al suggested that the smaller DPOAE
amplitude n the ears affected by MD are probably caused by innenecanical
alterations related tithve hydrops. During the hydrops phase in MD, the DPOAESs are
found to be amplified. DPOAES are very sensitive to intracrgnéssure/ariations

and can adequatemmonitor the glycerol effects on recovering the hearing threshold

impaired bylabyrinthic hydrops.

OAEs may be a reliable, nonvasive and, above all, losost method for monitoring

the entity of cochlear damage in MD patients, particularly for mongadisease
progression(20) TEOAEs (transient evoked OAE) and DPOAESs can equally identify
inner ear damage, as in the hydrops phase of MD, because of the pressure effects on
the basilar membrane and, as a consequence, on OHC functionality. DPOAES might
be more accurate than TEOAESs foomitoring inner ear alterations hydrepsiuced

and for following the effects of glycerol testing

BERA: In wave tProlonged latency, decreased amplitude or complete disappearance
with prolonged latencies between waves, or impaired wave morphology aypitta t
findings observed in cochlear pathologies, but they are valuable for MD only in the

differential diagnosis of retrocochlear lesions. AB R t echni que cal |l

ed
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hydrops analysis masking procedureo (CHAI
measurement of the difference between the wave V latency with a-siitile

stimulus compared to the wave V latency obtained with a masking noise at 0.5 kHz
frequency in addition to a click stimulus.was found that healthy controls could be
differentiaed from cases with Mvith 100% sensitivity and 100% specificity. An

abnormal CAR complex amplitude ratio value (CAR value below 0.95) has been

found to have 95% specificity and 90% sensitivity. The CHAMP test can demonstrate

the presence of active MD aatso the progressf diseasaluring treatmenénd on

follow-up. It has also been noted that the incidence of fluctuant hearing loss and

vertigo increased in patients if their CAR value was 0.975 or beldy

ECochG: It has been found to be the most \edile electrophysiological diagnostic

test for endolymphatic hydrops. It assesses the cochlear bioelectrical activity that
occurs on auditory stimulation of hair cells. ECochG can be performed by placing the
electrode on the tympanic membrane, on the praamg (transtympanic) or in the

external auditory canal. It measures cochlear microphonics, summating potential (SP),
compound action potential (ARndthe ratio of these values to each other. The

common findings are an increased ratio of SP/AP (aboyednh4nlarged SRave

(above 3 ms), and prolonged AP latency (above 0.2Thg)larger SP wave could be
related to an increase in the endolymphatic volume, which creates a mechanical
distortion along the organ of Corti and alters the characteristic® @R The normal

SP/AP amplitude ratio is 0.50 for the canal electrode, 0.40 for the tympanic membrane

electrode, 0.30 for the transtympanic electrode, and 0.34 for the extratympanic
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electrodeTranstympanic ECochG is more specific and sensitive thaatgxtpanic

ECochG.

ECochG however is affected by the stage and duration of the disease. If the patient has
severe hearing loss, it can be difficult to observe the w&@schG can be more
sensitive to MD if patients are tested when they are syngitorilowever this is not
clinically feasible If the patient is not in an acute attack stage the sensitivity decreases
to 60%. Because ECochG has low sensitivity in patients with insignificant symptoms,
it can be inconclusive in the diagnosis of possible obgiote MD. An increased

SP/AP ratio is founth 71% of patients in stage 82% in stage 2, 85% in stage 3, and
90% in stage 4 disease. Parameters that increase the sensitivity of EcochG include
SP/AP curve area ratio(especially in esstgge MD), stimuls biasing ratio which
increases the sensitivity of ECoG up to 85% while the graphic angle measurement
raises the sensitivity of ECoG to 89%. Even if vertigo attacks disappear completely
after treatment, the SP/AP ratio does not recover. H&€eGis an hformative test,

and can be used the predictiorof when the disease will be bilateral, decision of

treatment choices, or renewal of the treatment me(idgl.

Dehydration test Following oral intake of glycerol after recording a basal

audiogram, a secdmand third audiogram are performed at th& ®@nute and 3

hour. An increase of 10 dB or more in the pure tone hearing thresholds or an increase
of 10% or above in the speech discrimination score at two or more frequencies is
indicative of a positiveesst result. A positive result is indicative of endolymphatic
hydrops. With an average sensitivity of 66%, the sensitivity of the glycerol test is

higher at the beginning of symptoms (83.3%) and it is lower in the remission inter
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attack period (43.1%). A pdive glycerol test result is an evidence of fluctuating
hearing. It denotes that the disease is just in the early stage, and endolymphatic sac
surgery works better in these patients. The combination of ECochG and dehydration
tests enhances the diagnosmnsitivity in hydrops, the prognosis of MD variants, and
whether they transform into a classical form. Also, the reliability of the diagnosis of
hydrops in the contralateral asymptomatic ear also ingsrdy combining these two

tests. (11)

Electronystagnogram( ENG) : Il n Menierebs disease, sp
in the ipsilateral ear before vertigo and in the contralateral ear when an attack starts.

The most common finding in ENG is a decreased vestibular response of the affected

ear due to hydrop3he sensitivity of ENG in the diagnosis of MD is approximately

50 %( 13

Other tests: In literature the use of some techniques including vestibular autorotation
test, videeoculography, and traveling wave velocity measurement have been noted
for the diaglsis of MD. However, because these tests are not used routinely, there is

no general consensus on their diagnostic validityrahalbility (11)

Prognosis of hearing loss

When hearing loss at the initial visit is in the middle to high frequencies iag@r f

of poor prognosis of the hearing in patients viite n i eiseas®,decause the

hearing loss at low frequencies is fluctuating and can be reversible at the early stage of
the disease while that at high frequencies tends to be irreversible andsgpinagre

In patients with poor hearing prognosis, the hearing loss progresses during the first 2

years after the onset of the disease, and stays flat to approximately 50 dB at the later
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stage oMe n i diseasi.dn those with a good prognosis for heattistpows no

further progression over the first 2 years, and becomes constant to approximately 35
dB at the later stage of the disease. Many studies have found that the hearing loss in
Me n i daisease deteriorated over time within the first several yddhe disease

and was followed by a stabilization of moderate to severe hearing loss. A study by
Gosato et al in 2014 showed thia¢ tmean hearing levels worsermdabout 3 dB

during the attacks of vertigo Me n i eatienés svith both poor and goodpnosis

for hearing. However, this hearing loss of 3 dB improved after the vertigo attack in
patientswith good prognosis but not those with poor prognosis. It is possible that

the progression of hearing loss during vertigo attacks becomes irrevergpbléents

with a prior poor prognosis, who suffersdm repeated vertigo attacks hlas also

been suggested that an intratéalertigo attack wathe factor for poor hearing

prognosis, based on the findings that hearing loss takes place in theoeesty af

Me n i daisease beforthe relief in vertigo. Other studies suggest that the hydrops
itself, but not the rupture of hydrops, leads to hair cell degeneration, because a vertigo
attack in Meniereds disease jesalalsoduced b
reported that a high SP/AP ratio on electrocochleogram was a predictor of poor
hearing outcomes in patients wthe n i eiseas® and has suggested that excessive
endolymphatic hydrops associated with a high SP/AP ratio leads to hair cell
degeneration and malfunction. Hence, it is possible that the inner ear of patients with
poor prognosis of hearing may be more susceptible to endolymphatic hydrops than
that of those with a good prognosis. It has also been reported that counselling is more

effective in improving the hearing level in patients wile n i eiseas® than drug
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treatment, probably since it decreases levels of stress hormones such as vasopressin,

whichtend to increasthe extent of endolymphatic hydrofist)

TreatmentoMe n i disease s

There is no consensus on the management of acute episodes and neither of the period
between episodes. Lifestyle adjustments and positive experiences (encouraging
patients to engage in activities he or she enjoys with the support of family or MD
associationsr support groupsare universally recommended, though there is no
evidence of thie effect.

Diet restrictions include a saikstricted diet (1.5 g a day) with avoidance of caffeine,
fat, alcohol and tobacc®ietary salt restriction is thought to reduce the osmaotic build
up of pressure in the endolymphatic compartniE)iCaffeine intake has also been
studied with rgard to its effect on patients with MD. Sancisezello et al reported

that patients with MD were found to have a higher intake of caffeine than those not
affected by the disease. Also, the age of onset of MD was found to be lower in those
consuming caffeie compared to those not taking caffg@g@ Hence a diet low in salt
and caffeine may prove to be beneficial.

Stress must be avoided, and xal@on or cognitivebehaviouratechniques may be

useful and sometimes even necessary. It is crucial that patients have a thorough
understanding of the disease and its time coitEepatient support grougsve been

found to be helpfuby sharing experiases and helping patients come to terms with
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their diseaseA close followup of each case is very important, as the uncertainty

about the time course of the disease generates more anxiety in gagents.

The AAO-HNS Committee on Hearing amtjuilibrium recommendthat the period

of 6 months before treatment should be compared with teevaitbetween 18 and 24
months after treatment. This enables investigators to make comparisons among studies

using different methods of treatment for D)

Oral diuretics:

The use of diuretics in MD is based on their mechanism of action that involves
regulation or modulation of ion transport across membranes. If the symptoms of
Meni ereds ar e r e hydrops,thentthe mechadisms gf sympitamt i ¢
relief with diuretic agents could be explained by the reduction of the hydrops and/or
reversal of ion gradient abnormalities that result in disruption of vestibular and
auditory physiologyDiuretic therapies for M[are often initiated as firdine therapy,
despite ther&eing onlylow-level evidence to justify their use. Improvement in

vertigo frequency was often reported following diuretic use, with less convincing
evidence for improvement in hearing outcomes

Below, we have enumerated the mechanism of action of various commonly used
diuretics(11)

AcetazolamideReversible inhibition of the enzyme carbonic anhydrase which causes
a reductiorof hydrogen iorsecretion at the renal tubules and an increased renal

excretion of sodim, potassium, bicarbonate, amdter. There is also decreased
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production of agueousumourand it inhibits carbonic anhydrase in the central

nervous system hence retards abnormalexieéssive discharge from its neurons
Chlorthalidone It is asulphonamidelerived diuretic that inhibits sodium and chloride
reabsorption in the renal cortehe diluting segment of the ascending loop of Henle.
Hydrochlorothiazidelt Inhibits sodium relasorption in the distal tubules and hence
causes an increased excretion of sodium and water as well as potassium and hydrogen
ions.

Triamterendt blocks the epithelial sodium channels in the late distal convoluted
tubule and collecting duct, hence inhiibg sodium reabsorption from the lumen. This
effectively reduces intracellular sodium, decreases the function of Nal/K1 ATPase,
and leadgo potassium retention and decreased excretion of calcium, magnesium, and

hydrogen.

There is no evidence about thféieacy of drugs employed during an acute episode of
vertigo. Nevertheless, all authors agree on a symptomatic management of acute
attacks which can be administered for a short period of time to help central
compensation.
Symptomatic treatment includes:
- Rest and good hydration
- sedatives and vestibular suppressors such as benzodiazepines (diazepam) and
antihistamines (dimenhydrinate), calcium antagonists (cinarizine) and
phenothiazinéchlorpromazine, promethazine)

- antiemeticsuch as metoclopramidg, [9] and dimenhydrinate
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- others: diuretics and corticosteroids

Diuretic doss:

Acetazolamide 25fhg twice daily for <12 months$jydrochlorothiazide 50 mg a day
plus triamterene 25 mg a day, Furosemidie800mg a day plus potassium or

spironolactone (potassiusparing diuretiqp3)

Betahistine: it is a htamine receptor (H3) antagonibat rdeases histamine and
serotonin and inhibits the vestibular nuclei. It asts as a histamine agonist,
resulting in the dilation of middle ear vessels. With the use of betahistine the
frequency and intensity of the attacks are reduced in 80% of pafibetslosage

varies from 8 to 24 mg three times a day for a long timéZ6nonths). Randomized
controlled studies have reported an improvement in the severity of vertigo, tinnitus
and aural fullness, and in the number and length of the episodes on uking ora
betahistine. However, side effects include dyspepsia and nausea, and it is not
recommended in asthmatics.

Oral corticosteroidsThese have been found to reduce the intensity of vertigo, though
there is no strong evidence in literature on their efficibgir main indication is

when there is a suspicion of autoimmasiology The recommended dose is 1 or 2
mg/kg a day at a tapering dosage regimen for 2 or 3 m@#hs.

Vasodilators: These drugmve been found t@duce the endolymphatic pressure and
inhibit the vestibulanuclei activity. Calcium antagonists such as flunarione

cinnarizine have been used but their efficacy is doubtful.
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Meniett device: It is a nemedical treatment for MD that was designed in Sweden in
2000. It releasegositive pressure pulses of 12 cm H20 to the inner ear through the
middle ear through a previoushserted tympanostomy tube (TT). Thesedow

pressure pulses are believed to increase the exchange of the inner ear fluids through
different communication routes. Positive pressure pulses are intended to displace the
perilymphatic fluid, which stimulates ttilow of endolymphatic fluid and results in a
reduction of endolymphatic fluid. The device is believed to improve the intensity of
vertigo, although there is revidence, and has no effect ohearing.Meniett device

can beprescribed for patients withlateral MD or with an only hearing earfractory

to medical treatment. Howevearigterm results (over 2 years) remain unknown.
Several daily sessions are required and adverse effects related to the presence of TT

(infections) must be considergd).

10% of patients of MD, have intractable disease i.e. symptoms that do not respond to
medical therapy and have symptoms that interfere with their day to day functioning.
The next step of management involves interventional procedures like intratympanic

injections that can be used in patients that fail to respond to medical management.
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Intratympanic injections

Fig 8 Method of Intratympanic injection

Endol ymphatic hydrops, believed to be t he
can be reduced by enhancing the circulation and absorption of endolymph. This can be
achieved through

- Decampressiorof theendolymphatisac

- Passivdliffusion of nanoliters of endolymph along alloplastic material,

- Osmoticchanges in pressure that result in an extracellular milieu (pump) around the

sac

- Alterationof blood supply

- Alterationof immune fators.



