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SUMMARY

Ménière’s disease, a condition first described in the 1800’s, has been an advancing area of clinical interest and scientific research in recent 
decades. Guidelines published by the American Academy of Otolaryngology – Head and Neck Surgery remained nearly static for almost 
20 years, although we have certainly expanded our knowledge of the aetiology of the disease since that time. This review of the literature 
highlights the breadth and detail of the current theories in understanding the pathophysiology of this enigmatic disease. Histopathological 
specimens providing evidence of many of the aetiologies are presented as well. We aim to provide a centralised and updated resource re-
garding current and emerging theories for Ménière’s disease.
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RIASSUNTO 

La Sindrome di Ménière, una condizione descritta nel 1800, è stata un’area di grande interesse clinico e di ricerca scientifica negli ultimi 
decenni. Le linee guida pubblicate dall’ American Academy of Otolaryngology-Head and Neck Surgery sono rimaste pressoché invariate 
per quasi 20 anni, benché la ricerca scientifica sugli aspetti eziopatologici sia indubbiamente molto progredita nel frattempo. La presente 
revisione della letteratura evidenzia gli importanti progressi compiuti nella comprensione della fisiopatologia di questa malattia enig-
matica. Le evidenze discusse sono inoltre accompagnate da una documentazione iconografica istopatologica. L’obiettivo della presente 
trattazione è fornire al lettore un quadro aggiornato ed accurato sulle teorie inerenti la Sindrome di Ménière.
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Introduction
Prosper Ménière brought the attention of vertigo and its 
possible relationship to the inner ear to light in his con-
troversial paper presented in 1861 to the Imperial Aca-
demy of Medicine 1. His series of articles challenged the 
existing theories of vertigo as a cerebral disease. The 
eventual development and acceptance of criteria used to 
describe the disease with Ménière’s namesake has incre-
ased efforts in understanding the disease. The Committee 
on Hearing and Equilibrium of the American Academy 
of Otolaryngology – Head and Neck Surgery established 
diagnostic criteria and reporting guidelines for treatment. 
Their guidelines, published in 1995, define Ménière’s di-
sease (MD) as “an idiopathic syndrome of endolympha-
tic hydrops” 2. This inner ear disorder is characterised by 
episodic vertigo with neurovegetative symptoms, sensori-
neural hearing loss, and tinnitus or aural fullness. Either 
tinnitus or aural fullness, or both, must be present in the 
affected ear. The Classification Committee of the Bárány 

Society (CCBS) has developed an international consensus 
for the diagnostic criteria for MD, released for publication 
in 2015. The new guidelines provide criteria for definite 
and probable MD, as seen in Table I 3.
As our knowledge regarding the aetiology of the disease 
expands, the controversy surrounding the pathophysiology 
of MD deepens. The debate is rooted in the histopathologic 
finding of endolymphatic hydrops (ELH). This significant 
step toward understanding the disease was based on the di-
scovery of marked inflammation of the cochlear scala media 
in the temporal bones of patients with classic symptoms 4 5. 
Although the certainty of ELH can only currently be iden-
tified post-mortem via temporal bone histopathology, our 
current guidelines provide the means to identify those who 
may suffer from the disease. The relapsing nature of the 
disease, and the sampling bias in prior studies, contributes 
to the varied rates of incidence and prevalence. Recogni-
sing these limitations, the incidence likely ranges between 
10-150 per 100,000 persons. The most recent estimate of 
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prevalence in the United States is at 190 per 100,000. The 
prevalence increases markedly with increasing age 6-10.
This review of the literature highlights the breadth and 
detail of the current theories in understanding the patho-
physiology of this enigmatic disease. We aim to provide 
a centralised and updated resource regarding current and 
emerging theories behind MD.

Materials and methods
Using the PubMed MEDLINE NCBI database, a total of 
291 results were retrieved on December 8, 2013 by uti-
lising the search query “Ménière’s Disease.” Inclusion 
criteria include: articles published within the last 5 ye-
ars, English, full-text, and a journal impact factor of 1 or 
greater. Two hundred and twenty-three of the 291 total 
articles which had no direct relation to either disease ae-
tiopathogenesis or histopathology were excluded. Of the 
remaining 68 articles, there were: 2 case reports, 2 theo-
retical research articles, 42 original research articles, and 
22 review articles. Each publication was meticulously 
analysed for this comprehensive review. A few choice ar-
ticles were selected due to further elaboration of the ae-
tiopathogenesis after the original query was performed.

Discussion
Normal physiology of endolymph
Understanding the endolymphatic system physiology will 
permit a clearer elaboration of the various pathologic alte-
rations described in the literature. The cochlea is a coiled, 
bony tube approximately 35 mm long and composed of th-
ree chambers: scala vestibuli, scala media, and scala tym-
pani. Together, the scala vestibuli and the scala tympani are 
part of a perilymph-filled periotic labyrinth encased in the 
bony labyrinth. The scala vestibuli and scala tympani are 
connected at the apex of the cochlea via the helicotrema. 
The scala tympani connects to the cerebrospinal fluid con-
taining arachnoid space via the cochlear aqueduct.
The membranous labyrinth of the cochlea is the scala 
media, the endolymphatic containing chamber. It is con-
nected to the saccule by the ductus reuniens. The remain-
der of the membranous labyrinth consists of the semicir-
cular canals, saccule, utricle, endolymphatic duct and sac, 

and cochlear duct. The utricle is located in the postero-
superior portion of the vestibule. The saccule is located 
in the anteroinferior portion of the vestibule. The utricle 
connects posteriorly to the semicircular canals. Anteriorly 
it connects to the endolymphatic and saccular ducts via 
the utricular duct. The utricular valve likely serves to pro-
tect the superior part of the labyrinth against endolymph 
loss due to membrane rupture from the inferior part of the 
labyrinth (Fig. 1) 11.
The endolymphatic sac is one of the first structures of 
the membranous labyrinth to appear in embryonic deve-
lopment, and it is the last to stop growing  12. It is clo-
sely associated with the layers of dura mater. The sac is 
connected to the endolymphatic duct, which lies within 
the bony vestibular aqueduct. The endolymphatic sac can 
be divided into portions based upon the cellular lining. 
The proximal, rugose portion is in a bony niche and has 
cells similar to the endolymphatic duct. The intermediate 
portion is between bone and dura and has light and dark 
cylindrical cells. The distal, smooth portion is within lay-

Fig. 1. Anatomy of the endolymph system. Used with per-
mission from Rand S. Swenson. O’Rahilly R, Mueller F, Car-
penter S, Swenson RS. Basic Human Anatomy: A Regional 
Study of Human Structure. 2009; http://www.dartmouth.
edu/~humananatomy/figures/chapter_44/44-8.HTM. Acces-
sed December, 24, 2014.

Table I. Definitions of MD

Definition Symptoms

Definite MD • ≥ 2 definitive spontaneous episodes of vertigo, each lasting 20 minutes to 12 hours
• Audiometrically documented low- to medium-frequency sensorineural hearing loss in one ear, defining the affected ear on at least 

one occasion before, during or after one of the episodes of vertigo
• Fluctuating aural symptoms (hearing, tinnitus or aural fullness) in the affected ear
• Not better accounted for by another vestibular diagnosis.

Probable MD • Two or more episodes of vertigo or dizziness, each lasting 20 minutes to 24 hours
• Fluctuating aural symptoms (hearing, tinnitus or aural fullness) in the affected ear
• Not better accounted for by another vestibular diagnosis
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ers of dura mater and consists of cuboidal cells 13. In 1997, 
Gibson and Arenberg described the likely functions of the 
endolymphatic sac (Table II) 13.
The endolymphatic sac’s role in endolymph homeostasis 
is well recognised, but the control mechanisms are still 
being established. The composition of the fluid is maintai-
ned by ion transport systems 14. It is unclear as of yet whe-
re the sensor might be for maintaining the volume of the 
scala media, and if it is even in the cochlea. Endolymph 
is unique to other extracellular fluids in that it has a high 
potassium, low sodium and low calcium concentrations 
(Table III) 15 16. The high potassium concentration and low 
calcium concentration are critical for sensory conduction 
in the cochlea 15.
The ion transport system is mostly well established, with 
a few remaining concepts under debate. In general, potas-
sium in endolymph is driven by the endocochlear potential 
into sensory hair cells via apical transduction channels. 
Basolateral potassium channels carry it out into the pe-
rilymph. From there, potassium is taken up by fibrocytes 
of the spiral ligament where it diffuses into strial interme-
diate cells. These cells, and potentially other potassium 
channels, release potassium into the intrastrial space whe-
re it is taken up by strial marginal cells and secreted out of 
the stria vascularis and into endolymph 15.
Interestingly, in a euvolemic state the endolymph is main-
tained without significantly detectable volume flow. Ho-
wever, in abnormal volume states the direction of volume 
flow may contribute to endolymph homeostasis. Salt has 
shown that an enlarged endolymphatic space will result 
in endolymph flow toward the base of the cochlea, con-
tributing to the removal of volume and electrolytes. Con-

trary to this, in hypovolemic states, the flow is apically 
oriented in the cochlea, leading to increased volume and 
electrolytes in the endolymph 17.

Aetiopathologies
A variety of pathologic findings have been identified du-
ring the course of MD. Perhaps the most established is the 
finding of endolymphatic hydrops. This histologic finding 
was first reported by Hallpike and Cairns in 1938 as well 
as Yamakawa who demonstrated this pathologic finding 
in the same time period 4. Since then, many reports have 
been described about the histopathologic findings in MD. 
We present the most updated comprehensive list in at least 
the past 10 years. Figure 2 provides a concise look at the 
relationships between the most recent pathologic mecha-
nisms for MD.

Endolymphatic hydrops (ELH)
The mechanism for clinical manifestation of MD secon-
dary to endolymphatic hydrops was led by Schuknecht’s 
theory of Reissner membrane rupture secondary to en-
dolymphatic duct distention. This would have allowed for 
potassium rich endolymph to bathe the basal surface of 
hair cells as well as the eighth cranial nerve. Repeated 
hair cell and nerve exposure to potentially toxic levels of 
potassium-infused perilymph could cause episodic verti-
go as well as long-term decline in auditory and vestibular 
function (Fig. 3a) 18. The rupture theory eventually stimu-
lated new ideas about endolymphatic flow and blocka-

Fig. 2. Aetiologies of endolymphatic hydrops.

Table II. Functions of the endolymphatic sac.
• Resorption of the water content of endolymph
• Participate in some ionic exchanges with endolymph
• Remove metabolic and cellular debris, including otoconia
• Immunodefense
• Inactivation and removal of viruses
• Secretion of glycoproteins to attract extra fluid
• Secretion of saccin to increase production of endolymph

Table III. Composition of cochlear fluids.

Component Unit Endolymph scala media Intrastrial fluid Perilymph scala vestibuli Perilymph scala tympani Plasma

Na+ mM 1.3 85 141 148 145

K+ mM 157 2 6.0 4.2 5.0

Ca2+ mM 0.023 0.8 0.6 1.3 2.6

Cl– mM 132 55 121 119 106

HCO
3
– mM 31 n/a 18 21 18

Glucose mM 0.6 n/a 3.8 3.6 8.3

pH pH units 7.4 n/a 7.3 7.3 7.3

Protein mg dl 38 n/a 242 178 4238
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ge along the endolymphatic duct pathway as a potential 
cause for hydrops. Prevalence of endolymphatic hydrops 
in MD is reported as 100% in the cochlea, 86.3% in the 
saccule, 50% in the utricle and 36.4% in the semicircular 
canals (Fig. 3b)  19. However, one of our histopathologic 
exams interestingly showed spared cochlear involvement 
in a patient with MD (Fig. 3c). Earlier studies showed 
that in the late stages of MD, there might be severe dila-
tation or collapse of the ampullary walls, which could be 
restricted with the cupular movement, resulting in a poor 
caloric response  20; caloric response is reduced in about 
65% of patients with MD (Fig. 3d) 21.
Saccular hydrops may be dependent upon the degree of 
membrane distention toward the stapes footplate; cochle-
ar hydrops is seen as bowing of Reissner’s membrane in-
to the scala vestibuli (Fig. 4  a, b)  18. The saccule is the 
second most common site of hydrops; severe hydrops is 
most frequently in the saccule.
Reports have also been made regarding displacement of 
the basilar membrane in the apical segments of the co-
chlea, to the degree that the basilar membrane contacts 
the bony wall of the scala tympani. This too may further 

explain the variable degree to which hydrops is seen in 
different areas of the same temporal bone specimen 22.
Salt applies the theory that abnormal volume states in ELH 
are detected by small changes in volume when pressure 
changes are minimal. The endolymphatic sinus, located 
between the saccule and the utriculoendolymphatic valve 
at the entrance to the endolymphatic duct, may be able to 
detect small mechanical pressure changes. For example, as 
pressure is applied to perilymph, the endolymphatic duct is 
occluded; this is presumably secondary to displacement of 
endolymph from the sinus to the endolymphatic sac, there-
by allowing the sinus membrane to occlude endolymphatic 
duct opening 22 23. As of yet, there is no definitive theory for 
what is causing the pressure fluctuations.

Decreased endolymph clearance

a. Endolymphatic sac (ES)
Just as there are multiple theories regarding the patho-
genesis for ELH, many other potential aetiopathologies 
have been introduced for MD. Observations of changes 
and dysfunction in the ES may contribute to this disease 
process. Theories for this dysfunction developed around 
the ES’s role in endolymph regulation, embryologic ab-
normalities, immune mediator effects on the ES, and hor-
monal mechanisms.
Hornibrook et al. favour that in states of endolymph 
excess, such as MD, the ES removes endolymph by lon-
gitudinal flow. They note that the ES contains absorptive 
and secretory cells, suggesting that hydrophilic glycopro-
teins produced by the secretory cells are stimulated in this 
state of excess 24. Paparella et al. suggested that patients 
may have an underlying predisposition to MD in the set-
ting of developmental anomalies of the ES, such as hypo-
plasia  25. However, the leading theory at that time was 
the endolymphatic flow concept which newer research 
has brought into question, as aforementioned. A 2009 
study showed that the ES may play a role in endolymph 

Fig. 3. a) HB 655 Lt 130 10x: A higher magnification of the 
cochlea showed outer hair cell loss (arrow) and stria vascula-
ris atrophy (*), b) HB 655 Lt 100 1x: 72-year-old male patient 
diagnosed with Ménière’s disease. He had a history of bilateral 
fluctuating hearing loss, tinnitus and vertigo episodes. Histopa-
thologic exam of the left ear showed profound cochlear hydrops 
(arrow). Utricle (U), c) HB650Lt110. This 79-year-old patient 
had a history of bilateral profound mixed type hearing loss and 
left stapedectomy. She was extremely vertiginous right after 
the surgery for months. Histopathologic exam showed bilateral 
otosclerosis, which is located anterior to the oval window. This 
slide shows the surgery site, otosclerosis and hydropic sac-
cular membrane that showed healed perforation. Interestingly, 
cochlea did not show any hydropic changes, d) HB593Lt 470. 
This was an 86-year-old patient who had a history of Ménière’s 
disease and 8th nerve resection. Histopathologic exam showed 
profound hydropic changes in the cochlea, utricle and saccule. 
Note the outpouching, and hydropic saccular membrane.

Fig. 4. a) HB333Lt 142. This was a 79-year-old patient who 
had a history of bilateral Ménière’s disease. Histopathologic 
exam shows profound cochlea-saccular hydrops. Note that 
saccular membrane shows fistulae and touches to the footpla-
te of stapes, b) HB839 Lt 260 1x: This 86-year-old male patient 
was diagnosed with left Ménière’s disease. Histopathologic 
exam of his left ear showed profound hydrops in every turns of 
the cochlea as well saccule. Arrow shows that saccular mem-
brane touches the footplate of stapes.
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pressure regulation. The use of systemic isoproterenol, a 
β-adrenergic agonist, increased endolymph pressure and 
decreased the ES lumen potential. The CSF pressure was 
not affected by the systemic agent. When ablating the 
ES, the effects of isoproterenol on endolymph pressure 
and ES lumen potential were suppressed. This suggests 
that the ES plays a role in pressure regulation 22. As we 
identify which components of the ear play a role in en-
dolymph homeostasis, particularly those under hormonal 
control, we will also need to clarify how these systems are 
interrelated. The ES is generally accepted to play a role in 
endolymph volume regulation, although the exact sensor 
location is not clear. Given the location of the sac, near the 
pulsations of the sigmoid sinus, Salt proposes that it may 
not be as well suited to monitor pressure changes 22. He 
supports this by pointing out that the ES is not bounded 
by perilymph, the endolymphatic duct restricts access of 
perilymph to the periphery of the sac, and the detection of 
hydrops likely requires the detection of small changes in 
endolymph pressure with respect to perilymph. Instead, 
the endolymphatic sinus, discussed later, may be the more 
likely candidate 22.
The role of the ES as an immune mediator for the middle 
ear presents another fashion by which MD could be provo-
ked. Details of the immunologic factors involving the ES 
will be discussed later, but a brief background is warranted. 
Immunoglobulins (Ig) G, IgM, and IgA, as well as secreto-
ry components of the immune system have been found in 
the ES. Additionally, macrophages and plasma cells reside 
in the perisaccular connective tissue 26 27. The ES can pro-
cess antigen and produce its own antibody response, but the 
overall role of this in inner ear immune response is not fully 
elucidated. Surgical destruction of the ES has been shown 
to result in locally decreased antigen and antibody respon-
ses 26  27. Currently, one proposed mechanism is access of 
immune complexes, mast cells, and viral antigens into the 
highly vascular subepithelial space via the fenestrated va-
sculature  26  27. Immune complex access to this otherwise 
barrier protected region is thought to be via the many fe-
nestrated branches of the posterior meningeal artery which 
help supply the ES and the endolymphatic duct 26 27. This 
will be discussed later along with a review of mast cell de-
granulation in the perisaccular connective tissue and viral 
antigen-allergic reaction with T-cell homing to the ES.
Investigations of immune-mediated dysfunction of the ES 
started in 1979 when McCabe described patients with sen-
sorineural hearing loss (SNHL) who benefited from cor-
ticosteroids and cyclophosphamide. By the 1990’s, Bloch 
et al. had purified an antibody seen in 35% of patients 
with progressive SNHL; this antibody targeted heat shock 
protein 70 (HSP70) 24. The question arose as to whether 
there was any overlap in subjects with progressive SNHL 
and MD. After multiple follow-up studies, there has been 
no correlation between HSP70 antibodies and MD. The 
question remains about an autoimmune component for 

the disease, but certainly HSP70 antibodies are not causa-
tive agents in MD.
In the setting of ELH, models studied by surgical abla-
tion of the endolymphatic duct and sac were performed 
in guinea pigs. The most obvious limitation to this study 
is that the ES is completely non-functional, which does 
not seem to be reflective of the ES in MD 22. One study 
circumvented this limitation while examining the effect 
of aldosterone on hydrops. The distal portion of the ES 
was detached from the sigmoid sinus while leaving the 
intraosseous portion alone. This study was able to demon-
strate that even partial sac ablation can cause hydrops. Al-
dosterone and its effect on sodium-potassium adenosine 
triphosphatase (Na-K ATPase) levels in stria vascularis as 
well as the potential enhanced secretion of potassium into 
endolymph are discussed in the Hormone section 22.

b. Endolymphatic duct (ED)
The ED lies within the bony vestibular aqueduct. A recent 
histologic study of the otic capsule evaluated the cellular 
appearances of the normal vestibular arch, and with that, a 
theory of how the canals in the otic capsule may contribute 
to the homeostasis of the ED. It appears that lamellar bone 
contributes to the foundation of the otic capsule. Many 
Volkmann’s canals and micro-Volkmann’s canals are 
present as channels throughout the bone in the vestibular 
arch. Osteoblasts likely line the mature vestibular arches, 
as the arch is derived from osteogenic cells of the external 
layer of the otic capsule 28. The development of the otic 
capsule skeleton is activated by signalling molecules from 
the nearby epithelium, including that of the ED  28. Mi-
chaels et al. suggest this close relationship may result in 
osteoblast proliferation and consequent microcanalisation 
throughout life. They propose that the slow breakdown of 

Fig. 5. HB839 Lt 260 4x: A higher magnification of the cochle-
ar hydrops is seen. Thick arrow shows profound hydrops; thin 
arrow indicates the rupture of Reissner’s membrane.
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proliferated osteoblasts, via apoptotic mechanisms, may 
nourish the nearby endolymph with potassium ions 28.
The ED has also been implicated in theories of endolym-
ph obstruction as aforementioned, and in particular, 
Schuknecht’s theory of Reissner membrane rupture se-
condary to ED distention, allowing for potassium rich en-
dolymph to bathe the basal surface of hair cells as well as 
the eighth cranial nerve (Fig. 5) 18.
Additionally, the ED may play a role in the effect of spiral 
ligament fibrocytes on ELH. ED obstruction is thought 
to alter the cytochemistry of the perilymph, by a yet 
unknown mechanism, leading to cellular stress of the spi-
ral ligament fibrocytes. These fibrocytes, in turn, disrupt 
the potassium recycling mechanism within the scala me-
dia, resulting in an osmotic imbalance and expansion of 
endolymphatic compartment 29.

c. Endolymphatic sinus
The potential role of the endolymphatic sinus was briefly 
discussed during our review of ELH. The endolympha-
tic sinus may assist in endolymph volume regulation by 
detecting minute changes in endolymph pressure with re-
spect to perilymph. The walls of the sinus are distensible, 
and given the position of the sinus at the entrance to the 
ED, it would be ideally placed to monitor pressure chan-
ges. Prior studies showing ED occlusion with increased 
pressure in the perilymph suggests the endolymph is di-
splacing the sinus walls into the ES, thereby occluding the 
duct opening 22. Additionally, the amount of endolymph 
being displaced into the ES may depend upon the degree 
of distention of the sinus, adding yet another means of 
volume control for the endolymphatic sinus 22.
The projected role of the sinus may be compatible within 
the controversial theories of longitudinal flow and ion 
transport regulation of endolymph. Further research will 
need to be done to elucidate such details. One prominent 
theory is that under exceptional circumstances, in situa-
tions with large volume increase, endolymph will move 
longitudinally toward to the ES to be resorbed. In such 
situations, the rate of longitudinal flow would be limited 
by the narrow isthmus of the ED, and the endolympha-
tic sinus may act as a reservoir 30. In situations where the 
sinus has an overflow state, or blocks the entrance to the 
ED, the utriculoendolymphatic valve may be affected.

d. Utriculoendolymphatic valve (UEV)
The exact purpose of the UEV, or Bast’s valve, remains 
unclear. One theory is that it anatomically acts as a shut-
ter, allowing for excessive volumes of endolymph to be 
processed in the ES, in a fashion regulated by unknown 
means as of yet. It would simultaneously prevent an 
excessive loss of endolymph, consequently leading to 
membrane distortions and interference of vestibular sense 
organs 30 31. It is uncertain if the UEV is open or closed 
in normal situations, or situations without volume excess 

of endolymph. Additionally, the mechanisms which open 
and close the valve are not yet elucidated  31. The UEV 
has been observed to be open for a few days once ELH 
develops, then closes due to compression from increa-
sing hydrops 32. A more recent evaluation of the UEV in 
a temporal bone series did not show significance between 
closure of the valve in MD patients and normal ears  33. 
Shimizu et al. suggested that the position of the UEV in 
temporal bones does not directly reflect the pathologic 
condition of MD 33.

e. Ductus reuniens (DR)
The DR (reuniting duct) is a membranous path between 
the saccule and cochlea. Blockage of this usually patent 
pathway can be caused by ELH. The longitudinal flow 
of endolymph was shown to be blocked most frequently, 
between 59-67%, at the DR as determined by two case 
series 34 35. These series evaluated the bony saccular ori-
fice to the bony groove of the DR utilising computed 
tomography. The mechanism of obstruction at the DR 
needs further elucidation, but one report from Gussen et 
al. shows that otoconia traveled from the saccule, fell in-
to the DR, and then migrated further to the cochlea 36. If 
the cochlear endolymphatic pressure builds to a critical 
point, the material blocking the DR can be washed into 
the sacculus, resulting in a classic vertiginous attack cha-
racteristic of MD. Given the relative reported frequency 
of DR obstruction, pathology at the level of the DR likely 
contributes to the aetiology of MD.

f. Vestibular arch
Within the inner layer of the bony vestibular aqueduct 
lies the vestibular arch, a cylindrical lining of thin, os-
seous cells extending into the posteromedial aspect of 
the vestibule. It closely envelops the ED in an arch-like 
fashion and surrounds it throughout most of its length. A 
striking loss of these cells was previously observed in 20 
cases of MD, together with the apparent new formation 
of large intraskeletal channels 37. Additional studies have 
revealed associated degenerative changes with apoptotic 
bodies and denudation of osteoblasts throughout both the 
microcanals and Volkmann’s canals in the vestibular arch. 
Dislocation of dead microcanals into blood vessels of 
Volkmann’s canals has also been described in some MD 
patients. Collectively, these findings suggest that the ori-
gin of ELH could potentially be localised to a pathologic 
lesion located at the vestibular arch 28.

g. Semicircular canals
Recently, a proposed theory by Phillips and Prinsley de-
scribed the presence of free floating particle (FFP) depo-
sits distal to the semicircular canals at five different sites 
within the labyrinth as a potential source of aberrations 
in vestibular function seen in Ménière’s patients. These 
changes would result in disturbances of balance and he-
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aring, depending on the quantity and size of the floating 
particulate matter. Progressive damage would initially 
be reversible but would ultimately result in irreversible 
harm to the auditory and vestibular apparatus. The role 
of mineral intake may have an effect on the composition 
of these FFPs; it may be that the mineral composition of 
endolymphatic fluid is critical with respect to thresholds 
for crystallisation. Becvarovski coined the term “ducto-
lithiasis” to describe these phenomena, and the associated 
histopathological findings of ELH in the temporal bones 
of Ménière’s patients may simply be the consequence of 
FFP matter 38. This theory is certainly reasonable, but una-
ble to be verified at this time.
The clinical setting of MD can be clouded when patients 
have associated disorders such as benign paroxysmal 
positional vertigo (BPPV). Recent literature suggests a 
possible correlation between the two disorders, and it has 
been hypothesised that the pathophysiology of one disea-
se may lead to the other. Although many authors support 
the idea that BPPV can be secondary to MD, some sug-
gest that MD secondary to BPPV is also a possibility. The 
mechanism by which this may occur is thought to be due 
to loose otoconia decreasing endolymphatic absorption, 
resulting in endolymphatic hydrops 39.

Disruption of the endolymph secretion
Another model which attempted to explain ELH by means 
of disruption of the endolymph secretion in the cochlea 
and resorption of endolymph in the ES has been dispro-
ven. This theory was introduced as a result of iatrogeni-
cally introducing the effect of endolymphatic flow when a 
large volume of marker was injected into endolymphatic 
space. The homeostasis of endolymph seems more de-
pendent upon ion transport and osmotic gradients than 
volume secretion. These ion transport systems have been 
shown to be under the regulation of hormonal mechani-
sms, which will be discussed later 22.

Hormonal mechanisms
Various hormones have been associated with effects on 
endolymph homeostasis. Based upon our recent literature 
review, a few key hormonal influences have associations 
with the pathophysiology of MD. Specifically, we review 
antidiuretic hormone, the aquaporin system, ion channels, 
epinephrine and aldosterone.
A correlation between antidiuretic hormone (ADH, vaso-
pressin) and the exacerbation of MD has often been pro-
posed. ADH works on the vasopressin-2 receptors (V2R) 
to activate aquaporin-2 channels, which in turn moves 
water from the tubular lumen of the renal collecting duct 
into the cell, regulating body fluid homeostasis and main-
taining systemic osmotic pressure. Endolymphatic home-
ostasis appears to be related to ADH although the exact 
mechanism remains unclear; when there is no change in 
plasma osmolality, the predominant theory is that inner 

ear pressure plays a role in controlling plasma ADH re-
lease. ADH may suppress water reabsorption in the ES, 
leading to ELH 40 41. However, recent follow-up studies in-
vestigating serum concentrations of ADH in MD patients 
have been inconclusive. Lim and colleagues found no si-
gnificant correlation of serum ADH levels with unilateral 
disease 42. One proposed reason for this contrasting evi-
dence is the variable accuracy of measuring plasma versus 
serum ADH. Aoki and colleagues showed that during a 
Ménière’s attack there was a significant increase in ADH 
concentration 40. Interestingly, both nausea and emesis are 
stimuli for ADH and often accompany an attack 40.
In conjunction with ADH, the aquaporin system presents 
a feasible means for the development and manifestation 
of MD from the vantage point of a hormonal fluid balance 
disorder. These ubiquitous transmembrane channels that 
actively move water and other solutes through cell mem-
branes within the kidneys, brain and lungs could be invol-
ved in the ES as well. Within the inner ear, aquaporin-2 
receptors, the only humorally controlled aquaporin, have 
been found with high concentrations in human ESs 43. Ki-
tahara and colleagues have also shown that V2R mRNA 
expression in the ES is up-regulated in MD and clearly 
distributed together with aquaporin-2 in the luminal epi-
thelium of the human ES. This V2R overexpression in the 
ES could attenuate the membrane turnover and cause the 
endolymphatic fluid overflow into the endolymphatic spa-
ce after even a small increase in plasma vasopressin. V2R 
and subsequent cyclic AMP-linked signalling could sup-
press the endolymphatic fluid absorption in the ES, resul-
ting in the inner ear hydrops 44. Other aquaporin channels 
have been identified in the ear, including aquaporin-1 in 
most of the inner ear, aquaporin-3 in the epithelium of 
the ELS, aquaporin-4 in the supporting cells of the co-
chlea and vestibular end organs, aquaporin-5 in the organ 
of Corti and Reissner membrane and aquaporin-6 in the 
epithelium of the ELS 45.
In addition to the ADH-aquaporin system, voltage and 
non-voltage dependent ion channels play a crucial role 
in the regulation of the endolymphatic fluid composition, 
and more importantly, in the regulation of the endocochle-
ar potential. Potassium plays an integral role in the gene-
ration and maintenance of the endocochlear potential. Its 
recirculation through the supporting cells of the organ of 
corti, the fibrocytes of the spiral ligament and the margi-
nal cells of the stria vascularis, known as the potassium 
cycle, maintains the endocochlear potential 46. This cycle 
involves an active and passive transport of potassium via 
ionic channels, gap junction (connexins) and tight jun-
ctions.
Animal model studies using systemic dosing of aldoste-
rone have shown an elevation of Na-K ATPase levels in 
the stria vascularis 47. Speculation suggested an enhanced 
secretion of potassium into endolymph would increase the 
rate of endolymph production, thereby creating volume 
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excess in the partially impaired endolymphatic sac. Addi-
tional investigations into the genes KCNE1 and KCNE3, 
two voltage-gated potassium channels expressed in the in-
ner ear, have been studied in MD patients. Doi et al. found 
that single nucleotide polymorphisms (SNPs) in KCNE1 
and KCNE3 are associated with MD in the Japanese po-
pulation, whereas Campbell et al. found no association in 
the Caucasian population and could not duplicate the Doi 
et al. results  48  49. A subsequent study evaluating the in-
fluence of epinephrine, a known modulator of potassium 
secretion by marginal cells, on endolymph in the cochlea 
and sac revealed an increase in the dilation of the intra-
osseous portion of the sac in the hydrops model  50  51. A 
disturbance in the function of any of these channels or 
associated electrolytes may result in alterations of the 
endocochlear potential and subsequent auditory dysfun-
ction. Calcium channel blockers have been explored in 
the treatment for MD by Teggi et al. Use of cinnarizine 
improved cochlear and vestibular symptoms, likely due to 
its inhibition of potassium currents rather than blocking 
voltage-gated calcium currents 52.
Treatment with intratympanic lipopolysaccharide (LPS) 
combined with systemic aldosterone in mice has been 
shown to induce ELH. This study left the ES undisturbed, 
unlike prior models. LPS causes a non-infectious immune 
response in the ear. The degree of hydrops in the cochlea 
was shown to be similar for an LPS alone group and an 
LPS plus systemic aldosterone group. However, the ES 
was more dilated in the LPS plus aldosterone group and 
the sac lumen was partially collapsed 53. Using the same 
model, the effect of epinephrine on endolymph in the co-
chlea and sac has been evaluated. Epinephrine increased 
the dilation of the intraosseous portion of the sac in the 
hydropic model  22  50. Since potassium secretion in strial 
marginal cells can be modulated by epinephrine, ongoing 
investigation with this mouse model is being used to eva-
luate the influence of different transport processes 22 51.
Hemodynamic disequilibrium

a. Dysfunctional cochlear blood flow
Evidence from research on animal models suggests the 
pathophysiology in MD is closely associated with dys-
functional cochlear blood flow (CoBF). Miller demon-
strated that the magnitude of an evoked CoBF response 
was reduced by approximately one-third in hydropic ears 
compared to normal ears  54. Brechtelsbauer reported re-
duced autoregulation of CoBF in guinea pigs with ELH 55. 
Andrews revealed that that increased blood viscosity can 
result in inner ear dysfunction with symptoms of hear-
ing loss, tinnitus and vertigo 56. Radiological MR imaging 
has also confirmed the presence of an intense contrast ef-
fect in ears with hydrops, indicating that the blood–lab-
yrinth barrier is impaired in ears with MD  57. However, 
the evidence is not consistent. For example, Larsen found 
no change in regional or total cochlear blood flow in hy-

dropic ears  58. CoBF measurement in patients with MD 
and control groups has shown no statistically significant 
difference with respect to CoBF amplitudes 59. Resolving 
the issue of whether microcirculation and ear hydrops are 
correlated rests on the development and advancement of 
means to measure blood flow in the cochlea.
An emerging area of research for endolymphatic hydrops 
is at the level of the venous drainage of the inner ear. Fil-
ipo et al. evaluated patients to determine if cerebrospinal 
venous abnormalities were associated with MD patients. 
If there is an increase in arterial pressure at the inner ear 
microcirculation, theory suggests an increase in endo-
lymph pressure would occur if the venous outflow were 
impaired 60. Filipo’s study assumes that radial resorption 
of endolymph drains into cochlear and vestibular aque-
duct veins and that impaired outflow would not permit 
physiologic endolymphatic drainage. This recent study 
suggests MD patients have a significantly higher rate of 
chronic venous insufficiency in the head and neck com-
pared to controls 60.

Allergy and autoimmunity

a. Allergy mechanisms
Since 1923, inhalant and food allergies have been linked 
with MD symptoms, and many studies have addressed 
the difficulties in confirming a relationship between al-
lergy and MD 27. Studies by Derebery and Berliner have 
shown that 59.2 and 40.3% of patients with MD, respec-
tively, have confirmed or suspected airborne and food al-
lergies 61. Three mechanisms have been described which 
explore the role of allergic reactions in MD. First, the ES 
itself could be a target organ of the allergic reaction. The 
sac’s peripheral and fenestrated blood vessels could al-
low antigen entry, stimulating mast cell degranulation in 
the perisaccular connective tissue. The resulting inflam-
matory mediator release could affect the sac’s filtering 
capability, resulting in a toxic accumulation of metabolic 
products, and interfering with hair cell function. Also, the 
fenestrated blood vessels to the ES could be pharmaco-
logically vulnerable to the effects of vasoactive mediators 
such as histamine, which are released in a distal allergic 
reaction  26. A second possible mechanism involves the 
production of a circulating immune complex, such as a 
food antigen, which is then deposited through the fenes-
trated blood vessels of the ES, producing inflammation. A 
third possible mechanism is a viral antigen-allergic inter-
action. A predisposing viral upper respiratory infection in 
childhood (e.g., mumps, herpes) antigenically stimulates 
Waldeyer’s ring, with subsequent T-cell homing to the ES, 
resulting in a chronic low-grade inflammation 61.
In clinical practice, it is well known that MD patients 
frequently complain of gastrointestinal tract symptoms 
such as diarrhoea, abdominal pain, dyspepsia, and weight 
fluctuation; however, this observation is hidden by the 
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importance of otological manifestations (hypacusis and 
vertigo). Multiple studies have reported that wheat is the 
most common food allergen found in patients with MD, 
up to 68.2% of patients, and the presence of late skin re-
actions to gliadin in MD suggests a potential relationship 
between the immune response to wheat proteins and MD 
symptoms 62.

b. Autoimmune mechanisms
The concept of an autoimmune aetiology of inner ear dise-
ase was first introduced more than 30 years ago, and it still 
remains an active area of research today. Many of MD’s 
clinical characteristics suggest an underlying inflammato-
ry or autoimmune aetiology, such as its propensity to wax 
and wane  26. The finding of lymphocytes, macrophages, 
and a rich network of lymphatics and capillaries, venu-
les and fenestrated blood vessels in the guinea pig and 
human ES raised the possibility that the sac may have an 
immune function. Subsequent experiments demonstrated 
antibody production in the inner ear and showed that the 
ES can generate an immune response 24. It is assumed that 
autoimmunity occurs via one of three basic pathways to 
cause tissue damage in MD, which may or may not be 
organ-specific: (1) autoantibodies directed against anti-
gens found upon or within tissue cells, (2) circulation and 
deposition of antigen-antibody complexes with activation 
of the complement system and resultant inflammatory tis-
sue destruction, or (3) an inflammatory reaction mediated 
by sensitised T lymphocytes. This hypothesis is supported 
by the fact that hydrops can be induced experimentally 
by injection of antigens or monoclonal antibodies and the 
deposition of circulating immune complexes may produce 
inflammation and interfere with the ES’s filtering capabi-
lity. Several studies demonstrated raised levels of circu-
lating immune complexes (CIC) in a percentage varying 
from 21 to 96% of MD patients  63. These abnormalities 
include immune responses to homogenous or heteroge-
neous inner ear proteins (28–30 kDa, 40 kDa, 42 kDa, 50 
kDa, 68–70 kDa, 220 kDa), S-100 beta protein and type 
II or type IV collagen antigens 64. Yoo et al. suggested a 
possible role for type II collagen autoimmunity in the ae-
tiology of otosclerosis as well 65. Our experience and hi-
stopathological studies suggest that certain combinations 
of otologic diseases, such as otosclerosis and MD, can oc-
cur and may have causative links, although other associa-
tions (e.g. otitis media) are commonly only coincidental 
(Fig. 6 a, b) 66 67. Otosclerosis may result in endolympha-
tic hydrops by abutting the spiral ligament, resulting in a 
chemical disruption of ion-fluid recycling, obstruction of 
the ED and sac, and biochemical changes 68-70.
Certain D-related loci may be associated with MD. The ele-
vated CIC induces endothelial injury and leads to an increase 
in the permeability of the ‘leaky capillaries’ that surrounds 
the ES. This sudden efflux of fluid results in acute ELH and 
rupture of Reissner’s membrane. The mixture of potassium-

rich endolymph with perilymph hyperpolarises the neural 
afferents and causes the acute Ménière’s attack 71.
Finally, an association of thyroid dysfunction in patients 
with MD has also been suggested. Brenner and colleagues 
showed that 32% of patients with MD were being conco-
mitantly treated with supplemental thyroid hormone, and 
those older than 60 years of age were taking a supple-
ment at a higher rate than the general population  72. Of 
the Ménière’s patients Fattori et al. studied, 38% showed 
the presence of thyroid autoantibodies, which was signifi-
cantly higher than the two control groups 73. These studies 
suggest a predisposition of MD patients for autoimmune 
disease, given the significant association MD patients ha-
ve with thyroid dysfunction.

c. Viral infection
As previously mentioned, ELH is a well-known and cli-
nically appreciable finding in many patients with MD. 
Recently, a temporal bone study has suggested that ELH 
is a marker for disordered homeostasis of the labyrinth 
in which an unknown factor produces both the clinical 
symptoms of MD and ELH 29. A possible chemical injury 
to the labyrinth could be the release of infectious nucleic 
acids from vestibular nerve terminals following virus 
reactivation in the vestibular ganglion (VG) 74. The pre-
sence of Herpes simplex virus (HSV-1) antibodies in the 
perilymph and HSV-1 DNA in the VG excised from MD 
patients have shown promise, although the ubiquitous 
nature of these viruses in the worldwide population raise 
questions with respect to the direct correlation between 
these findings 75 76. However, electron microscopy by Ga-
cek has shown that virion particles were noted to be pre-
sent in transport vesicles of vestibular ganglion cells exci-
sed from a patient with MD. The virions reportedly led 
to focal vestibular nerve axonal degeneration and subse-
quent inflammatory changes associated with ELH 77. Sin-
ce reactivation of latent neurotropic viruses like herpesvi-

Fig. 6. a) HB 856 Rt 560 1x: This is an 80-year-old man who 
had bilateral mixed hearing loss and vertigo episodes. Histopa-
thologic exam of his right ear showed otosclerosis that involves 
the otic capsule and endolymhatic hydrops in the basal turn of 
the cochlea (arrow), saccule (S) and utricle (U), b) HB 856 Rt 
560 4x: A higher magnification of the basal turn of the cochlea 
showed clearly otosclerotic involvement of the otic capsule (ar-
row) and stria vascularis atrophy (*).
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ridae is dependent on viral load in a sensory ganglion, 
VG loss in the contralateral nerve may also represent the 
development of bilateral MD, which has been reported to 
occur in 15-50% of patients with MD 78.

Genetic predisposition
Multiple hereditary mechanisms have been proposed over 
the years as means to explain the events that occur in MD. 
Genetic predisposition has been reported in 2.6–12% of 
patients with MD  79. Familial MD appears to follow an 
autosomal dominant inheritance pattern with 60% pene-
trance and evidence of anticipation, or a more severe phe-
notype, in offspring 80. Early investigations into the causes 
of MD focused on autoimmunity and sought to identify 
human leukocyte antigen (HLA) associations; although 
many have been proposed, none have been proven  81  82. 
Linkage analysis in a large Swedish family defined an in-
terval on chromosome 12p12.3 and screened two candida-
te genes (RERGL and PIK3C2G), although a precise MD 
gene on chromosome 12 has yet to be found 83 84. Further-
more, two studies have shown associations with MD and 
SNPs: one variation in heat shock protein HSP70-1, which 
is thought to be involved in the cellular stress response 85; 
the other being a variation in adducin (Gly460Trp), pre-
viously known for its association in hypertension, whe-
re heterozygous individuals manifest changes in sodium 
excretion and blood pressure. The adducin variation me-
chanism is theorised to act via increased Na-K ATPase 
activity, inducing hyperosmolarity in endolymph which 
may lead to pathologic hydrops 86.
Additionally, the genetics of immune signalling pathways 
has been studied in MD. Many protein tyrosine phospha-
tases (PTPs) play a negative role in T cell receptor signal-
ling. In particular, PTPN22 1858C/T genotype, primarily 
expressed in T cells, B cells, monocytes, neutrophils, den-
dritic cells, and natural killer cells, has been associated 
with autoimmune disease and may confer differential su-
sceptibility to bilateral MD 87. Conversely, longer alleles 
of (CA)

17-20
 poly (ADP-ribose)-polymerase 1, a nuclear 

enzyme that contributes to both neuronal death and survi-
val under stress conditions, has been shown to be protec-
tive against bilateral MD 87. Host cell factor C1on the X 
chromosome haplotype block, known for its role in her-
pes virus replication within neurons, has been shown to 
be protective against MD, suggesting a potential trigger 
between an external source and activation of a molecular 
pathway that leads to the development of cochleovestibu-
lar symptoms.

Inner ear pressure regulation failure

a. Cochlear aqueduct
The cochlear aqueduct plays a key role in the regulation 
and transmission of pressure equalisation between the 
middle and inner ear. In particular, the flow resistance 

of the cochlear aqueduct is crucial for pressure release. 
The anatomic complex of the round window, connected 
to the cochlear aqueduct over a pouch-like extension of 
the round window, allows its position to influence the pa-
tency of the cochlear aqueduct and inner ear pressure 88. 
Multiple studies have reported pathological middle ear 
pressures and alterations of cochlear aqueduct patency 
in patients with MD. In 1966, Tumarkin postulated that 
middle ear ventilation changes influenced vertigo 89. Lall 
reported that 30.9% of patients with MD had pathological 
middle ear pressure changes  89. Furthermore, Morinaka 
and Nakamura found an increased difference of middle 
ear pressure between bilateral ears in MD patients 90. Fi-
nally, patients with MD showed on average a significant 
negative middle ear pressure, -  43 decapascals, compa-
red with healthy subjects and patients with sudden hea-
ring loss  91. Given these findings, due to the previously 
described importance of the cochlear aqueduct and its 
functional anatomic proximity to the round window, inner 
ear disorders such as ELH present conditions in which 
abnormal middle ear pressures might trigger or worsen 
vertigo attacks.

b. Vestibular aqueduct
The vestibular aqueduct is also involved in inner ear pres-
sure regulation and plays a role in MD by causing chan-
ges in hydrostatic pressure equilibration during states of 
dysfunction. Hypoplasia of the vestibular aqueduct alre-
ady appears in the development of the labyrinth before 
childhood and might have an impact on the aetiology of 
MD 92. Numerous radiographic studies by Sennaroglu et 
al. have demonstrated that the vestibular aqueduct is si-
gnificantly narrower in the affected ear in patients with 
MD than the unaffected ear 93. Any condition that causes 
narrowing of the vestibular aqueduct and the production 
of excess endolymph could result in the same symptom 
complex as patients with MD 30. In Figure 7, we present 
a histopathologic slide of a 78-year-old woman diagno-
sed with Ménière’s disease. Histopathologic evaluation of 
her right ear indicated endolymphatic hydrops associated 
with extensive otosclerosis that involves the otic capsu-
le and blocked the vestibular aqueduct (Fig. 7, arrow). 
Please note cochlear, saccular and utricular hydrops. Se-
condary causes, such as treponemal disease blocking the 
aqueduct and viral labyrinthitis narrowing the aqueduct, 
have added further support to pathological changes in the 
vestibular aqueduct and subsequent ELH.

c. Middle ear muscles (MEM)
The MEM have a long history of being implicated in 
many inner ear disorders such as tinnitus, otalgia, MD, 
and SNHL. In particular, spasm of the tensor tympani 
(TT) has been implicated in a range of conditions inclu-
ding tinnitus, myofascial pain-dysfunction syndrome, and 
MD. Sectioning of the TT has been a suggested treatment 



B.S. Oberman et al.

260

for MD. Embryologically, the TT, derived from the 1st 
pharyngeal arch mesenchyme, develops into a mixed 
muscle containing slow and fast muscle fibres. Innerva-
tion is subsequently supplied by the tensor tympani ner-
ve, a purely motor branch of the mandibular division of 
the trigeminal nerve. It has been speculated that the TT 
can medialise the stapes into the oval window, resulting 
in changes in inner ear perilymphatic pressures, which in 
turn may lead to various inner ear disorders like MD 94. 
This seems reasonable, considering that a rise in inner ear 
pressure has three main routes of escape: the vestibular 
aqueduct, the round window and the oval window. Most 
importantly, this pressure change and alteration in ossicu-
lar function seems to primarily affect lower frequencies, 
which aligns with the hearing loss spectrum in MD 95.
Klockhoff described a tensor tympani syndrome characte-
rised by fluctuation in the middle ear impedance and com-
plaints of fullness, tinnitus, and dysacusis, which echoes 
some of the common findings in MD. Although the role 
of the TT in otologic disease still remains largely elusi-
ve, the best expected markers for TT contraction reported 
thus far include: a decrease in peak static compliance me-
asured with acoustic tympanometry and a low-frequency 
conductive hearing loss, with a possible smaller low-fre-
quency SNHL component 96.

d. Spontaneous intracranial hypotension (SIH)
The original discussion of SIH is attributed to Schal-
tenbrand in 1938. A rare pathology, the annual incidence 
is estimated at 5 per 100,000 persons 97. Typically, it re-
sults from a cerebrospinal fluid (CSF) leakage associa-
ted with an orthostatic headache, the cause of which is 

unknown but may be associated with spontaneous trauma 
in context of fragile spinal meninges 98. Physiologically, 
there is a balance of pressures between the endolymphatic 
and perilymphatic compartments, mediated by the CSF. 
Each compartment is in continuity with the CSF: the pe-
rilymph, via the cochlear aqueduct, and the endolymph 
via the ES. However, if this equilibrium is disrupted in 
some way, the CSF pressure falls. This in turn is transmit-
ted to the perilymph via the cochlear aqueduct, producing 
a transitory perilymphatic hypotonia and endolymphatic 
hydrops, which is clinically comparable to the findings 
present in MD 99. Additionally, diffuse intracranial venous 
engorgement has been described in patients with SIH, 
which causes irritation of the vestibular and cochlear ner-
ves at the internal acoustic meatus, leading to the triad of 
hearing loss, tinnitus, and vertigo 100.
There are reports in humans and animals that a CSF leak 
could lead to compensatory expansion of the endolym-
phatic space. It is proposed that this expansion is the 
cause of the associated hearing loss with a CSF leak. Re-
ports in MD patients have shown decreased hearing with 
shifts of intracranial pressure, but no definitive proof is 
available 22.

e. Low frequency pressure changes
The effect of MD patients’ sensitivity to low frequency 
pressure changes, such as atmospheric pressure changes, 
has been attributed to prolonged ELH. Prolonged hy-
drops, experimentally sustained up to 40 minutes, causes 
displacement of the organ of Corti toward the scala tym-
pani. This was shown to increase endocochlear potential 
and increase sensitivity to infrasonic frequencies 22.

Conclusions
Our understanding of MD continues to evolve with sci-
entific improvements in animal model studies, imaging 
modalities and histologic techniques, as well as further 
comprehension in the fields of allergy, immunology, endo-
crinology, and genetics. There are an abundant number of 
theories relating the clinical signs and symptoms of MD 
to various predispositions and inflammatory states. Our 
goal is to provide a comprehensive update regarding the 
aetiopathologies of MD, which unfortunately remains an 
idiopathic disease despite medical advancements. It is the 
authors’ impression at this time that endolymphatic hy-
drops seems to be the most appropriate core principle for 
the ultimate development of MD. Research about MD is 
broadly focused, which may provide multiple approaches 
for exploring therapeutic options for disease sufferers in the 
future.
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