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SUMMARY

Ménière’s disease (MD) is characterised by intermittent episodes of vertigo, fluctuating sensorineural hearing loss, tinnitus and aural pres-
sure. Histopathologically, endolymphatic hydrops are seen initially in the cochlear duct and saccule, and with progression of the disease 
subsequent involvement of the utricle and semicircular canals occurs. The aims of this study are: 1) to assess the function of the saccule, 
utricle and three semicircular canals using cervical vestibular evoked myogenic potential (cVEMP), ocular VEMP (oVEMP) and video 
head impulse test (vHIT) in Ménière’s patients, and 2) to correlate the findings with the different stages of MD. Forty patients diagnosed 
with unilateral definite MD according to the AAO-HNS (1995) criteria were tested. They were divided into four subgroups according to 
the stage of MD using the average of 500, 1000, 2000 and 3000 Hz pure tone thresholds of the worst documented audiogram during the 
6-month interval before examination. A control group of 40 healthy age-matched adults was equally divided into four corresponding sub-
groups according to their pure tone average. 500 and 1000 Hz tone burst air conduction cVEMP and oVEMP tests, bithermal caloric test 
and video HIT for all semicircular canals were recorded for both groups. The results of this study showed that the highest prevalence of 
abnormalities in Ménière’s patients were seen in the PTA (85%), followed by cVEMP (72.5%) and oVEMP (67.5%). Caloric test abnor-
malities followed with a lower prevalence of 32.5%. The vHIT presented the lowest prevalence of abnormalities with 20% in the lateral 
canal, 7.5% in the anterior and 5% in the posterior. This pattern of abnormality agrees with the histopathological pattern of hydrops forma-
tion in the vestibular system. The findings of the current study suggest that with the advancement in the stage of MD, abnormal cVEMP, 
oVEMP, caloric and vHIT responses occur following the histopathological evidence of progression of the disease from the saccule up to 
the semicircular canals. Based on these findings, the authors suggest a new staging scheme for MD.

KEY WORDS: Cervical vestibular evoked myogenic potential • Ocular vestibular evoked myogenic potential • Video head impulse test • 
Ménière’s disease • Staging of Ménière’s disease

RIASSUNTO 

La malattia di Ménière (MD) è caratterizzata da episodi intermittenti di vertigine, ipoacusia neurosensoriale fluttuante, tinnito e sensa-
zione di ovattamento auricolare. L’idrope endolinfatica è inizialmente osservata a livello istopatologico nel dotto cocleare e nel sacculo, 
ma con la progressione della malattia anche l’utricolo e i canali semicircolari possono venire interessati. Lo scopo dello studio è duplice: 
1) definire la funzione del sacculo, dell’utricolo e dei tre canali semicircolari per mezzo di potenziali evocati vestibolari miogeni cervicali 
e oculari (cVEMP, oVEMP) e del video-Head Impulse Test (vHIT) nei pazienti affetti da MD; 2) correlare i risultati ottenuti con i diversi 
stadi di malattia. Quaranta pazienti con diagnosi di MD monolaterale secondo i criteri dell’AAO-HNS (1995) sono stati inclusi nello stu-
dio. I pazienti sono stati suddivisi in quattro sottogruppi, in base allo stadio di malattia e della soglia uditiva (definita dalla media delle 
frequenze 500, 1000, 2000, 3000 Hz) ottenuta al peggiore esame audiometrico tonale osservato negli ultimi 6 mesi. Un gruppo di controllo 
di 40 soggetti adulti sani, equivalenti per età, è stato distribuito in modo uniforme in altrettanti quattro sottogruppi sulla base della soglia 
audiometrica. In entrambi i gruppi sono state ottenute le risposte di cVEMP, oVEMP, test calorico a stimolazione bitermica, vHIT per 
ciascuno dei canali semicircolari. I risultati mostrano nei pazienti affetti da MD una maggior prevalenza di alterazioni nel PTA (85%), a 
seguire cVEMP (72,5%) e oVEMP (67,5%). Minor prevalenza di alterazioni sono state osservate per la stimolazione calorica (32,5%) e il 
vHIT con 20% per il canale semicircolare laterale, 7,5% per il superiore, 5% per il posteriore. Tale distribuzione di alterazioni funzionali 
rispecchia il pattern di danno istopatologico nel sistema vestibolare. In conclusione, con il progredire della MD si ottengono risposte pato-
logiche ai test cVEMP, oVEMP, calorici e vHIT che riflettono la progressione istopatologica di malattia dal sacculo ai canali semicircolari. 
Sulla base di tali rilievi, gli autori propongono un aggiornato sistema classificativo per la MD.

PAROLE CHIAVE: cVEMP • oVEMP • Video Head Impulse Test • Malattia di Ménière • Stadiazione della malattia di Ménière
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Introduction
Ménière’s disease (MD) is a clinical syndrome that con-
sists of episodes of spontaneous vertigo, lasting several 
minutes to several days, usually associated with unilateral 
fluctuating sensorineural hearing loss, tinnitus and aural 
fullness. Histopathologically, the most notable feature is 
endolymphatic hydrops. Hydropic changes initially in-
volve the cochlear duct and the saccule, linking the ves-
tibular manifestations with hearing loss. However, with 
progression of the pathology, the entire endolymphatic 
space is involved with subsequent involvement of various 
endorgans including the utricle and semicircular canals 
(SCC) 1. Schuknecht and Gulya reported a prevalence of 
endolymphatic hydrops of 100% in the cochlea, 86.3% 
in the saccule, 50% in the utricle and 36.4% in the SCCs 
based on pathological temporal bone studies 2.
The assessment of patients with MD can be challenging, 
and the availability of investigations that examine each 
component of the vestibular apparatus has facilitated more 
complete evaluation. Tests for utricular and saccular func-
tion include ocular (oVEMP) and cervical (cVEMP) ves-
tibular evoked myogenic potentials, respectively 3. Caloric 
test with videonystagmography and the head impulse test 
have long been in clinical use as measures of the lateral 
SCC function. Lately, recordable video head impulse tests 
(vHIT) which measures vestibulo-ocular reflex (VOR) to 
rapid impulsive head accelerations in the plane of each 
SCC have allowed quantitative monitoring of individual 
canal function 4. When the results of oVEMP and cVEMP 
are combined with the results of vHIT, a full understand-
ing of the state of the peripheral vestibular function for 
each end organ of the labyrinth can be achieved with the 
progression of MD.

Review of the current classifications/staging of MD
• Shea (1993) staging 5 (symptom-oriented).

- Stage I, cochlear stage: main symptoms: hearing 
loss and tinnitus;

- Stage II, some vestibular involvement: above symp-
toms + dizziness;

- Stage III, hydrops more extensive with obstruction 
of endolymph flow, permanent hearing loss, severe 
tinnitus and dizziness; 

- Stage IV, hydrops fills labyrinth completely and en-
dolymph pressure cannot rise, leading to subsidence 
of dizziness but unsteadiness remains, while hearing 
loss is more severe;

- Stage V, multiple ruptures in membranous labyrinth, 
no vertigo, only unsteadiness, hearing loss is pro-
found or total, and the ear is lost.

• (AAO-HNS 1985 guidelines) 6.
Four degrees of diagnostic staging were defined:
- possible MD: Episodic vertigo without documented 

HL, or SNHL (fluctuating or fixed) with disequilib-
rium;

- probable MD: one vertiginous episode lasting long-
er than 20 min;

- definite MD: 2 or more definite spontaneous epi-
sodes of vertigo lasting longer than 20 min, audio-
metrically documented hearing loss on at least one 
occasion and tinnitus or aural fullness in one ear;

- certain MD: Definite criteria plus histopathologic 
evidence of endolymphatic hydrops (at postmortem 
analysis).

• AAO-HNS, committee of hearing and equilibrium 
guidelines (1995) 6.
This method of staging was purely audiometric. Based 
on pure tone average thresholds (PTA) at 500, 1000, 
2000 and 3000 Hz of the worst audiogram in the last 6 
months the following staging was suggested:
 - stage I: PTA less than or equal to 26 dB HL;
 - stage II: PTA 26-40 dB HL;
 - stage III: PTA 41-70 dB HL;
 - stage IV: PTA more than 70 dB HL.

The aforementioned staging protocols can be criticised 
based on the following:
• Shea staging: outdated since proposed therapies such 

as sac decompression and vestibular neurectomy are 
rarely resorted to now;

• AAO-HNS (1985): based on symptomatology and au-
diometry alone;

• AAO-HNS (1995): entirely audiometric (cochlear), but 
MD is a cochleo-vestibular disorder.

All above staging methods ignore:
1. the histopathologic spread of the disease from pars in-

ferior to pars superior;
2. recent developments in vestibular diagnosis, namely 

the advent of VEMP and vHIT.

Aim
The objective of this study was to: 1) study the full audio-
vestibular profile in the different stages of MD in order 
to correlate this profile with the known histopathological 
progress of the disease, and 2) develop a new staging for 
the disease based on this profile.

Subjects and methods
Forty patients diagnosed with unilateral definite MD ac-
cording to the American Academy of Otolaryngology and 
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Head and Neck Surgery’s 1995 criteria (AAO-HNS) were 
divided into four subgroups 6. According to these criteria, 
patients should experience 2 or more spontaneous vertigo 
episodes lasting more than 20 min accompanied by tinni-
tus or fullness in one ear with audiometrically document-
ed hearing loss on at least one occasion. The subgroups 
were divided according to the stage of MD using the 
AAO-HNS (1995) criteria based on 4 pure tone average at 
0.5, 1, 2 and 3 kHz of the worst documented audiogram 
during the 6-month interval before examination. Stage 
I has a pure tone average less than 26 dB (6 patients), 
stage II between 26-40 dB (10 patients), stage III between 
40-70 dB (15 patients) and stage IV more than 70 dB (9 
patients). Patients were not examined in the acute attack 
and were instructed to cease their MD medication for 48 
hours before the examination. The local ethics committee 
approved the study, and informed consent was obtained 
from each subject prior to inclusion. All patients had 
normal brain MRI. Patients with eye motility disorders, 
conductive hearing loss, evidence of MD in the other ear 
and any alternative cause of vertigo were excluded from 
the study. The control group consisted of 40 healthy age 
matched adults divided equally into four subgroups ac-
cording to their pure tone average and were matching the 
audiograms of the four patient subgroups. 
The following audio-vestibular test battery was carried 
out for each subject in the same day. Both affected and 
unaffected ears were tested. All patients were subjected 
to detailed history, frequency and duration of vertigo and 
disease duration.

Pure tone audiometry
Pure tone audiograms were obtained for each ear of all 
subjects using an Interacoustics AC33 – audiometer. The 
4 tone average thresholds at 500, 1000, 2000 and 3000 Hz 
were calculated.

Cervical VEMP
Cervical VEMP (cVEMP) was recorded using the GSI 
AUDERA evoked potential system. Stimuli were air-
conducted 500 and 1000 Hz tone burst of condensation 
polarity and were monaurally delivered to the tested ear 
at fixed intensity of 105 dB nHL via GSI TIP50 insert 
earphones. Blackman gated 2-1-2 cycle stimuli were used 
at a rate of 5 cycles/sec. One channel recordings were ob-
tained. The active electrode was placed on the upper third 
of the ipsilateral sternocleidomastoid muscle, the refer-
ence electrode on the sternoclavicular junction and the 
ground electrode on the forehead. Electrode impedance 
was typically < 5000 Ohms. The patient was tested in a 
sitting position with the head rotated away from the side 

of stimulation. Myogenic variability was minimised by 
the use of target markers on the examination room walls. 
At least 2 runs were performed and 150 sweeps were av-
eraged for each run with analysis time of 50 msec. EMG 
signals were amplified and band-pass filtered between 5 
and 750 Hz and were monitored to maintain background 
muscle activity. 
The analysed parameters of the cVEMP were p13-n23 
amplitude, p13 and n23 latency, frequency peak ampli-
tude ratio (1000/500 Hz FPA) of the same ear and interau-
ral amplitude difference (IAD).
The IAD in Ménière’s patients was calculated as follows;

IAD = [ (Au - Aa)/(Au + Aa)] *100 
(Au and Aa represent the peak amplitude of the unaffected 
side and the affected side, respectively) 7.
A positive value for the IAD in Ménière’s patients in-
dicated a reduced VEMP amplitude in the affected ear, 
while a negative value indicated augmented amplitude in 
the diseased ear. During statistical analysis, the sign of 
the IAD value in controls and MD patients was omitted 
and the mean and standard deviation (SD) of the absolute 
values were used.

Ocular VEMP
Similar stimulus parameters were used as in cVEMP. The 
contralateral eye to the tested ear was selected. Subjects 
were tested in a seated position and were asked to main-
tain an upward gaze at a fixed mark in the ceiling mounted 
at 30º from the neutral gaze point according to Govender 
et al. 8. The active electrode was placed just inferior to the 
centre of the lower lid margin and the reference electrode 
was 1 cm below and the ground electrode on the forehead. 
The n1-p1 amplitude of the oVEMP response, n1 and p1 
latency and1000/500 Hz FPA of the same ear and IAD 
were calculated using the aforementioned equations.

Bithermal caloric test 
The bithermal caloric test was performed using GN Oto-
metrics ICS Charter videonystagmography. The patient 
lied in the supine position with the head flexed 30º up-
ward 9. Four irrigations were performed separately (2 for 
each ear) with water temperature of 30 and 44ºC with at 
least 5 min of rest between irrigations. A unilateral weak-
ness in the caloric response was quantified according to 
the conventional Jongkees’ formula. A value ≥ 25% was 
considered pathological.

Video HIT
vHIT was done using a GNOtometrics ICS Impulse sys-
tem in the lateral, left anterior right posterior (LARP) and 
right anterior left posterior (RALP) semi-circular canals 
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(SCC) planes. A pair of lightweight, tightly fitting gog-
gles was worn. A small nine axis motion sensor on the 
goggles measured the head movement in free space 10. The 
subject was seated 1 metre from the targeted mark as rec-
ommended by Weber et al. 10. For the horizontal plane, 
the target was directly in front of the patient and the head 
was tilted anteriorly by 30° and unpredictably thrust to 
the left or right into a 15°-20° angle (Fig. 1). For the verti-
cal planes, Migliaccio et al. modified procedure was used 
with gaze directed in the plane of head rotation to mainly 
elicit vertical eye movement for two-dimensional video 
pupil tracking 11. The patient’s head was rotated 30º to the 
right (LARP test) or left (RALP test) while fixating on the 
target out of the corner of the eye for the gaze to be in the 
plane of the tested canals (Fig. 1). Briefly, abrupt forward 
and backward head impulses were given in the plane of 
the vertical canals that allow stimulation of the anterior 
and the posterior SCC, respectively. A total of 5 accepted 
head impulses in each direction for each plane were per-
formed. The average gain of the VOR responses for each 
canal and the gain asymmetry (GA) were calculated as 
follows:

GA= [(Gc-Gi)/(Gc+Gi)]*100% 
[Gc and Gi represent the gain for head thrust exciting the 
contralateral (unaffected) canal and the ipsilateral (affect-
ed) canal] 12.
Abnormal overt and/or covert saccades were measured. 
The vHIT results were defined as abnormal, if canal gain 
or canal gain asymmetry were outside the normative 
range and/or when refixation saccades (overt and/or cov-
ert) were present.

Statistical procedures
The statistical evaluation of data was carried out using 
SPSS software. Mean ± SD were recorded for each pa-
rameter. Chi square test was used for qualitative data. 
Paired t-test and Student t-test were used for comparing 
the control, affected and unaffected ears for normally dis-
tributed data. Comparison between two dependent means 
for non-parametric data was done by using the Wilcoxon 
signed ranks test, and for two independent means the 
Mann Whitney test was used. Comparisons across the 
four different subgroups of MD in VEMP, vHIT and ca-
loric tests were done using F-test (ANOVA) for normally 
distributed data and the Kruskal Wallis test for non-para-
metric data. Correlation of disease duration with the stage 
of MD was done using Spearman’s correlation. VEMP, 
vHIT and caloric test results were defined as abnormal if 
they fell outside the 95% limits (mean ±2 SD) of normal 
hearing control data (subgroup I). Prevalence of abnor-
mality in all tests were compared using McNemar’s test. 
ROC curves were used to obtain cut-off values for diag-
nosis of MD using the 1000/500 HzFPA of the cVEMP 
and oVEMP . Statistical significance was set at p ≤ 0.05.

Results
The patient group consisted of 80 ears (40 unaffected 
ears and 40 affected ears). The left ear was more com-
monly affected (52.5%). 25 males and 15 females were 
tested with an age range between 21 and 69 years (mean 
43.30 ± 13.77). The control group consisted of 20 males 
and 20 females (80 ears) with a mean age of 40.82 ± 10.68 
years (21-58 years).

Fig. 1. Cervical VEMP waveforms in a Ménière’s patient stage I with an affected left ear. The upper and lower waveforms are responses to 500 Hz and 1000 
Hz stimuli, respectively. The right ear shows normal frequency tuning with the 500 Hz responses being slightly enhanced (right). The left ear shows altered 
frequency tuning with the 1000 Hz responses being greater in amplitude compared to the 500 Hz waveforms (left).
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Vertigo was the most common complaint (82%) followed 
by tinnitus (77.5%), fluctuating hearing loss (77.5%) and 
ear fullness. In the earlier stages of MD, vertigo and vom-
iting were more pronounced, while dizziness was more 
evident in the late stages. Hearing loss was fluctuating in 
nature in the earlier stages of the disease with a low fre-
quency configuration and accompanied by tinnitus and ear 
fullness. In the last stage of the disease, hearing loss be-
came permanent with a flat configuration due to repeated 
rupture of membranes with progressive destruction of the 
membranous labyrinth 13. The duration of illness ranged 
from 3 months to 15 years (4.34 ± 3.36) and the vertigo 
attacks lasted for 20 min to 2 hours (33.88 ± 19.98 min).
No significant correlation was found between disease du-
ration and stage of disease.
Table 1 summarises the descriptive data (mean ± SD) of 
the measured indices of 500 Hz cVEMP, 500 Hz oVEMP 
and VHIT in subgroup I of controls, which represent the 
normative data and for the total population of controls, 
unaffected and affected ears of MD patients.

Cervical VEMP results
a) Prevalence of cVEMP response
The prevalence of cVEMP response to the 500 Hz and 
1000 Hz air conduction stimuli were equal (92.5%) in 
the control group, the affected ears of Ménière’s patients 
had an insignificantly lower prevalence of 82.5% for both 
stimuli.
b) Latency of cVEMP
In response to the most commonly used 500 Hz stimulus, 
the mean latencies of cVEMP p13 and n23 waveforms 
were not significantly different in the affected ears com-
pared to controls or the unaffected ears. 
c) Amplitude of cVEMP
In the affected ears the 500 cVEMP amplitude was normal 
in 10 ears (25%), augmented in 8 (20%), diminished in 15 
(37.5%) and absent in 7 (17.5%). After exclusion of absent 
cVEMP ears, a significant difference was found between 
the mean amplitude of affected ears and controls, and also 
between unaffected and affected ears. No significance was 
found between control ears and unaffected ears of Ménière’s 
patients. In subgroup I of MD patients, the mean cVEMP 
amplitude was significantly increased in affected ears 
(508.58 ± 234.40 µV) compared to unaffected ears (179.14 
± 154.66 µV) and control ears (196.58 ± 53.81 µV). In the 
other three subgroups (II-IV), the mean cVEMP amplitude 
was decreased significantly in affected ears compared to 
unaffected ears and control ears. Augmented VEMPs can 
be explained by dilatation of the saccular hydrops, pressing 
against the footplate and enhancing the sensitivity of the 
saccular macula to loud sounds 14.

The mean 500Hz cVEMP amplitude was compared 
across the four studied subgroups in controls and affected 
ears to determine the effect of hearing loss and progres-
sion of MD on the amplitude. No significant difference 
was found in the control group, thus excluding the effect 
of hearing loss on cVEMP amplitude. On the other hand, 
the affected ears of MD patients showed a significant dif-
ference between subgroup I and all other subgroups (II-
IV). This can be attributed to the augmented amplitudes 
of subgroup I. A non-significant amplitude difference 
between subgroups II, III and IV of the affected ears of 
Ménière’s patients was seen, although a trend towards a 
decrease in amplitude with the advancement of disease 
stage was observed.
d) Interaural Amplitude Difference of cVEMP
The absolute value of the IAD of the 500 Hz cVEMP had 
a significantly increased mean compared to controls using 
the entire sample and in each of the four subgroups, indi-
cating increased interaural peak asymmetry in MD. With 
comparison across the subgroups no significant difference 
was found in the control group, while the affected ears 
of Ménière’s patients showed a significant difference be-
tween most subgroups. In the current study, the suggested 
normal asymmetry limit (mean ± 2 SD) for the 500 Hz 
cVEMP IAD obtained from subgroup I of controls was 
39.25%.
e) Frequency tuning of cVEMP
In normal individuals, the cVEMP was shown to be most 
robustly elicited by using a 500 Hz tone-burst, with the 
response reducing on either side of this frequency. Thus, 
tuning curves may be potentially used as a method of di-
agnosing of MD. A significantly larger 1000/500 Hz FPA 
ratio was seen when comparing the entire sample of the 
affected ears of MD patients to control ears and unaffected 
ears. The increased FPA ratios denote the presence of al-
tered tuning of ears affected by MD with shifting towards 
the higher 1000 Hz frequency (Fig. 1). Unaffected ears 
of MD showed no significant difference in 1000/500 Hz 
FPA compared to controls. A highly significant increased 
ratio in the affected ears was also seen in the four sub-
groups. Comparison across the subgroups in control ears 
and affected ears showed no significant differences dem-
onstrating no effect of hearing loss on the tuning. ROC 
curves using the 1000/500 Hz FPA ratio of the cVEMP 
were used to obtain a cut-off value of > 0.9 for diagnosis 
of MD, with 78.79% sensitivity and 80% specificity. 

Ocular VEMP results
a) Prevalence of oVEMP response
The prevalence of oVEMP response to the 500 Hz and 
1000 Hz air conduction stimuli in MD were similar 
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(92.5%) to the control group. The affected ears of Mé-
nière’s patients had a non-significantly lower prevalence 
of 80% using the 500 Hz stimulus compared to the 87.5% 
prevalence at 1000 Hz stimulus. The prevalence of both 
cVEMP and oVEMP responses together in affected 
ears showed a higher but non-significant prevalence for 
the 1000 Hz stimuli (90%) compared to 500 Hz stimuli 
(85%). 
b) Latency of oVEMP
No significant difference was found in 500 Hz oVEMP 
n1 and p2 mean peak latency of affected, control or unaf-
fected ears. 
c) Amplitude of oVEMP
The 500 oVEMP amplitude of affected ears of Ménière’s 
patients was normal in 23 ears (57.5%), diminished in 9 
(22.5%) and absent in 8 (20%). Unlike the cVEMP, no 
augmented oVEMP amplitude was obtained in any of the 
studied cases.
The oVEMP mean amplitude was significantly reduced 
in the affected ears of Ménière’s patients compared to 
control ears and to the unaffected ears in the total sample 
and in comparing subgroups II, III and IV separately. No 
significant reduction in amplitude was found in the early 
stage of MD (subgroup I). Also, no significant difference 
was found between oVEMP amplitude in control ears and 
unaffected ears of Ménière’s patients. Comparison across 
subgroups showed no significant difference in the control 
group, while the affected ears showed a significant differ-
ence between subgroup I and all other subgroups (II, III 
and IV). 
d) Interaural Amplitude Difference of oVEMP
Ménière’s patients showed significantly increased IAD 
compared to controls in subgroup III and IV only, indicat-
ing increased oVEMP asymmetry in the later stages of 

the disease. Comparison across subgroups showed no sig-
nificant difference in the control group, while the affected 
ears showed significant difference in amplitude between 
earlier subgroups (I and II) and later subgroups (III and 
IV) and between subgroups III and IV. A pattern of in-
creasing IAD with the increase in stage of the disease was 
seen .The calculated normal asymmetry limit for the 500 
Hz IAD in oVEMP was 24.55 ± 9.24%.
e) Frequency tuning of the oVEMP
Similar to cVEMP results, a significantly larger 1000/500 
Hz FPA ratio was seen in the affected ears of Ménière’s 
patients compared to control and unaffected ears in the 
total sample and in subgroups II-IV. An example of the 
oVEMP frequency tuning is seen in Figure 2. Unaffected 
ears were non significantly different from controls. 
Comparison across the subgroups showed no significant 
difference in the control group or affected ears. The cut-
off value for diagnosis of MD for oVEMP 1000/500 
Hz FPA ratio was > 0.83, with 90.32% sensitivity and 
50% specificity. Other cut-off points were evaluated, but 
yielded unacceptably high false negative values.

Bithermal caloric test results
Caloric asymmetry was found in 32.5% of Ménière’s 
patients with weakness ranging from 28.0-66.0% (mean 
43.23 ± 12.58%). Table II summarises the prevalence of 
abnormal caloric responses in stages I to IV.

Video HIT results
a) Semi-circular canal gain
The lateral canal gain was normal in 32 ears (80%), in-
creased in 3 (7.5%) and diminished in 5 (12.5%) (Table I). 
The anterior canal gain was normal in 38 ears (95%) and 
diminished in 3 (7.5%), while the posterior canal gain was 

Fig. 2. Ocular VEMP waveforms in a Ménière’s patient stage IV with affected left ear. The upper and lower waveforms are responses to 500 Hz and 1000 
Hz stimuli, respectively. The right ear shows normal frequency tuning with the 500 Hz responses being slightly enhanced (right). The left ear shows altered 
frequency tuning with the 1000 Hz responses being greater in amplitude compared to the 500 Hz waveforms. 
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normal in 37 ears (92.5%) and diminished in 2 (5%) with 
no increased responses in either canal. No refixation sac-
cades, occult or overt, were recorded in any of the studied 
cases in any canal. No significant difference in gain was 
found between controls, unaffected and affected ears of 
Ménière’s patients for all SCCs. 
b) Canal gain asymmetry
The gain asymmetry of lateral canal was normal in 36 ears 
(90 %) and increased in 4 ears (10%). No decreased gain 
asymmetry was seen in the lateral canal. The anterior and 
posterior canal gain asymmetries were normal in all 40 
ears (100%). No significant difference was found between 
control, affected and unaffected ears for the lateral, an-
terior and posterior SCCs. No effect of hearing loss on 

canal gain or asymmetry in control ears or affected ears 
was seen. 

Prevalence of abnormalities in MD
Comparison of the prevalence of abnormalities in all the 
parameters of audio-vestibular tests performed in MD pa-
tients were done using McNemar’s test. The highest prev-
alence in abnormalities in Ménière’s patients were seen in 
the PTA (85%) followed by cVEMP (72.5%) and oVEMP 
(67.5%). Caloric test abnormalities followed with a lower 
prevalence of 32.5% followed by vHIT lateral (20%), an-
terior (7.5%) and finally posterior (5%) SCC abnormali-
ties (Fig. 3).

Table I. Descriptive data (mean ± SD) of vestibular tests indices in the total population and normative data.

Tests Indices Normative data Total population

Control Unaffected ears Affected ears/Patients

cVEMP p13 latency (msec) 15.62 ± 0.85 16.08 ± 1.30 16.16 ± 1.05 15.96 ± 1.21

n23 latency (msec) 24.99 ± 1.97 25.11 ± 2.30 24.98 ± 1.95 24.43 ± 1.36

Amplitude (µV) 196.58 ± 53.81 204.58 ± 71.31 211.08 ± 134.63 201.48 ± 197.82

IAD (%) 14.61 ± 12.32 13.84 ± 7.50 - 37.68 ± 14.50

1000/500 FPA 0.86 ± 0.27 0.76 ± 0.20 0.76 ± 0.36 1.08 ± 0.34

oVEMP n1 latency (msec) 11.18 ± 0.40 11.47 ± 0.79 11.68 ± 0.79 11.88 ± 1.17

p1 latency (msec) 16.06 ± 1.04 16.66 ± 1.71 16.34 ± 2.39 17.10 ± 1.66

Amplitude (µV) 10.98 ± 4.50 8.30 ± 6.74 7.22 ± 4.46 4.99 ± 5.26

IAD (%) 24.55 ± 9.24 22.55 ± 9.87 - 29.92 ± 15.69

1000/500 FPA 1.02 ± 0.53 0.90 ± 0.49 0.81 ± 0.35 1.45 ± 0.57

Canal gain Lateral canal 1.03 ± 0.12 0.96 ± 0.16 0.99 ± 0.14 0.96 ± 0.20

Anterior canal 0.95 ± 0.11 0.95 ± 0.20 0.93 ± 0.16 1.01 ± 0.21

Posterior canal 1.03 ± 0.18 1.02 ± 0.18 1.0 ± 0.18 0.98 ± 0.16

Canal gain 
asymmetry (%)

Lateral canal 8.72 ± 4.63 9.36 ± 6.55 - 8.0 ± 6.46

Anterior canal 11.54 ± 7.85 11.36 ± 8.49 - 11.01 ± 8.64

Posterior canal 10.75 ± 10.03 10.44 ± 7.74 - 8.07 ± 7.32

Table II. Caloric response in the four studied subgroups of Ménière’s patients.

Subgroup I Subgroup II Subgroup III Subgroup IV

Caloric response No. % No. % No. % No. %

Normal 6 100 8 80 8 53.3 5 55.6

Caloric weakness 0 0 2 20 7 46.7 4 44.4

< 25 6 100 8 80 8 53.3 5 55.6

26-50 0 0 2 20 6 40 2 22.2

> 50 0 0 0 0 1 6.7 2 22.2

Caloric weakness
Min.-Max. - 33.0-40.0 28.0-54.0 35.0-66.0

Mean ± SD - 36.50 ± 4.95 41.0 ± 9.80 50.50 ± 17.90
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Discussion
MD is associated with the accumulation of endolymph 
in the cochlear duct and vestibular organs. However, the 
presence of endolymphatic hydrops does not explain all 
clinical features, including progression of hearing loss 
and frequency of vertiginous attacks. Many researchers 
now believe that the abnormality related to Ménière’s 
symptoms may be more physiological than obstructive 
anatomical. In such a context, MD would be the outcome 
of a complex cascade of pathophysiologic processes that 
ultimately dysregulate the ionic composition of the endo-
lymph 15 16. As a consequence of impaired homeostasis, 
hearing and balance functions become vulnerable to inter-
nal and external factors, such as stress, sleep deprivation, 
etc.
Cervical and ocular VEMP abnormalities in the form of 
absent waveforms, reduced amplitude, elevated threshold, 
increased peak latencies, increased IAD, or altered fre-
quency tuning in ears affected by MD have been reported 
in the literature 17 18.
In the current study, cVEMP amplitude showed a signif-
icantly enhanced response in stage I of the disease fol-
lowed by a significant decrease in amplitude in the later 
stages. The IAD and 1000/500 Hz FPA ratio showed sig-
nificantly increased values in all stages of the disease. 
Thus, the cVEMP test demonstrated abnormalities start-
ing from stage I of MD indicating saccular affection early 
on in MD. The oVEMP parameters were not significantly 
different from those of controls in stage I of MD, denoting 
sparing of the utricle in the early stage of MD. In the later 
stages, significantly decreased amplitude and increased 
IAD and 100/500 Hz FPA ratio of oVEMP were seen. 
Stage I of the disease did not show any caloric asymmetry. 
No significant difference was found between the stage of 
the disease and the prevalence or the degree of unilateral 
caloric weakness. However, a trend for an increase in the 

mean caloric asymmetry was seen with disease progres-
sion (Table II). The bithermal caloric test was reported 
to be asymmetrical in 28-73% of affected ears in MD in 
the previous literature 7 19. Caloric unilateral weakness val-
ues are variable and weakness values of > 75% have been 
reported in some Ménière’s patients with no correlation 
with the stage of disease 7.
The recorded percentage of vHIT lateral canal gain asym-
metry (10%) were significantly lower than the percentage 
of unilateral caloric weakness (32.5%) empathising the 
finding of the differential response of Ménière’s ears to 
high and low frequency vestibular stimulation 20 21. In oth-
er words, selective loss of type II hair cells was thought 
to occur in Ménière’s patients and was expected to result 
in selective loss of low frequency labyrinthine sensitiv-
ity, yielding poorer caloric test results than poorer vHIT 
results. The presumed preservation of type I hair cells was 
hence thought to preserve the high frequency sensitivity 
of the labyrinth necessary for the response to vHIT 12. 
Nevertheless, Yacovino et al. were unable to detect higher 
than normal VOR gain in their single case of MD studied 
during the quiescent stage, which may suggest a fluctuat-
ing result of VOR gain in this disease 22.
The three cases that showed increased gain may be ex-
plained by the relatively short 1 metre distance of the 
target that was adopted in this study following the rec-
ommendations of Weber et al. 10. Other authors have rec-
ommended a distance more than 1 metre as VOR gain is a 
function of target distance, i.e. the shorter the distance the 
higher the gain 23 24.
The vHIT gain and gain asymmetry of the three SCCs 
were insignificantly different from controls in all stages of 
the disease. Stage I of MD was free of vHIT abnormalities 
in all SCCs. Augmented gain responses were recorded 
only in the lateral canal in the last three stages. All three 
SCCs showed decreased gain and increased gain asym-
metry in stages II-IV and were more frequently encoun-
tered in the lateral canal, while the posterior canal had the 
least percentage of abnormalities. 
The recorded prevalence in abnormalities in Ménière’s 
patients were in the PTA > cVEMP > oVEMP > Ca-
loric test > lateral SCC > anterior SCC > posterior SCC 
(Fig. 3). This pattern of abnormality agrees with the re-
ported pattern of hydrops formation in the vestibular sys-
tem by Schuknecht and Gulya in pathological temporal 
bone studies 2.
The percentage of abnormalities in the PTA (indicating 
cochlear abnormality) was not significantly higher than 
the cVEMP abnormalities pointing to saccular dysfunc-
tion accompanying the cochlear dyfunction. The PTA 
abnormalities were significantly higher than abnormali-

Fig. 3. The prevalence of abnormal test results in Ménière’s disease.
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ties in the oVEMP (utricular dyfunction), caloric test (lat-
eral canal function at low frequencies) and vHIT (high 
frequency function of the three SCC). cVEMP abnor-
malities were significantly higher than the caloric test and 
the vHIT, while the caloric test was significantly higher 
than the anterior and posterior canals only. There was no 
significant difference in the prevalence of abnormalities 
between the three SCCs. These findings suggest conse-
quent affection of the cochlea and saccule followed by the 
utricle then the low frequency function of the lateral SCC 
with the progression of MD. The involvement of higher 
frequency function of the lateral canal follows. The ante-
rior and posterior canals are the least affected in MD.
The above findings prompted us to suggest a new staging 
system for MD, i.e. a system that considers that MD is a 
cochleo-vestibular disorder and not a mere cochlear disor-
der. Although there have been many proposals to classify 
MD, the last of which by the Barany Society in 2015 25, 
still there is a need for new staging of this disease.
The Barany Society classification suggested a two-
staging system with definite and probable MD based 
on symptomatology, particularly the duration of vertigo 
and audiometry. The new proposed staging system in 
this paper utilises the vast audiological armamentarium 
of tools that specifically test each part of the audioves-
tibular apparatus. These tools, namely cVEMP, oVEMP 
and vHIT were not available 30 years ago when the old 
staging protocols were proposed. Finally, the new pro-
posed staging system goes hand in hand with the known 
histopathology of MD. 
Prevalence of endolymphatic hydrops in MD was re-
ported as 100% in the cochlea, 86.3% in the saccule, 
50% in the utricle and 36.4% in the semicircular ca-
nals 26. The latter suggested that the disease progresses 
for pars inferior (cochlea) to pars superior (vestibule 
then SCC).
The authors suggest that the new staging could be as fol-
lows: 
• stage (A): cochleo-saccular involvement with abnor-

mal PTA and cVEMP; 
• stage (B): cochleo-sacculo-utricular involvement with 

abnormal PTA, cVEMP and oVEMP; 
• stage (C): cochlea-sacculo-utricular and lateral canal 

involvement with abnormal PTA, cVEMP, oVEMP and 
caloric test;

• stage (D): Entire labyrinthine involvement with abnor-
mal PTA, cVEMP, oVEMP, caloric test and vHIT.
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