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Abstract

Background: Meniere’s disease is idiopathic Endolym-
phatic Hydrops. Vestibular evoked myogenic potential is a
neurophysiological assessment technique that is used determine
the function of the otolith organs of the inner ear. Using
vestibular evoked myogenic potential tests may identify the
different forms of the Endolymphatic Hydrops.

Aim of Study: The aim of this study is to explore the role
of vestibular evoked myogenic potentials (VEMP) in 
diagnosis of the different kinds of Meniere’s disease (MD).

Patients and Methods: Three groups of patients that were
selected according to the diagnosis, definitive MD (DMD),
cochlear MD (CMD) and recurrent vestibulopathy (RV) group.
Basic audiological evaluation was carried out. It included
Pure tone audiometry, speech audiometry, acoustic immittance
testing and electrocochleography. Otolith function assessment
was carried out in the form of:

Cervical VEMP (c-VEMP) and ocular VEMP (o-VEMP).
Vestibular assessment was carried out: The test protocol
included spontaneous nystagmus, gaze test, oculomotor tests,
positioning test (Dixhallpike), positional nystagmus, and
caloric testing. The three groups were compared for all demo-
graphic variables as well as clinic-pathologic variables, and
tests results.

Results: The overall sample was 40 cases; 13 with DMD,
10 with CMD and 17 with RV. The mean age is variable
between groups (p-value <0.001) with the highest in the DMD
group (38.3±7.4 years) and the lowest in the CMD group (
25.2±4.6 years). The male to female ratio is variable between
groups of the study (p-value=0.03) with the highest ratio 9:4
in the DMD group. There was a significant difference between
groups (p<0.001) regarding dizziness. Asymmetric response
of c-VEMP was seen in nine (9/13) (69.2%) of DMD cases, (
14/17) (82.4%) of RV cases and only in three (3/10) (30%)
of CMD cases, (p-value <0.001). Low amplitude of o-VEMP
was seen in (11/13) (84.6%) of DMD cases, (9/10) (90%) of
CMD cases, (15/17) (88.2%) of RV cases, and only in two (
25%) of normal cases, (p-value=0.002). A significant differ-
ence was found between definitive and cochlear Meniere's as

Correspondence to:  Dr. Hesham M. Taha, The 
Department  of ENT, Audiology Unit, Faculty of Medicine,
Ain Shams University

regards o-VEMP inter-aural amplitude difference (IAD) (p-
value=0.032) only. There was a significant positive strong
correlation between age and EchoG sp/ap ratio left ear, o-
VEMP IAD and o-VEMP left ear n1. In addition, there is a
significant positive weak correlation between duration and
EchoG sp/ap ratio left ear and c-VEMP left ear n1.

Conclusion: Asymmetric response of c-VEMP can be
used as a diagnostic tool to differentiate different kinds of
MD: DMD, RV and CMD.

Key Words: Meniere’s disease – Ocular vestibular evoked
myogenic potentials – Cervical vestibular evoked
myogenic potentials – Definitive Ménière’s – 
Cochlear Ménière’s – Recurrent vestibulopathy.

Introduction

MENIERE’S disease (MD), one of the most com-
mon disorders of the inner ear, is thought to be an
idiopathic progressive disease. It is caused by hair
cells degeneration in the cochlea and vestibule.
Prosper Meniere was the scientist who described
it; thus, it was named after him. While on the other
hand Ménière' syndrome can be secondary to var-
ious processes interfering with the normal produc-
tion or resorption of the endolymph like trauma,
viral vestibular ganglionitis, and genetic predispo-
sition. Also, it is thought to be caused by patholo-
gies of the stria vascularis that can result in its
symptoms [1,2].

The excess hydraulic pressure within the inner
ear’s endolymphatic system causes unstable hearing
loss, occasional vertigo, tinnitus or ringing in the
ears, and aural fullness. The term endolymphatic
hydrops can be synonymously used with MD and
Ménière’s syndrome [3].

Ocular vestibular evoked myogenic potentials
(o-VEMP) and cervical vestibular evoked myogenic
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potentials (c-VEMPs) are both elicited by acoustic
stimulation of the vestibular organs. The response
is measured in muscle EMG. The o-VEMP is re-
corded by placing recording electrodes below the
eyes and maintaining an upward gaze during re-
cording, forcing the inferior oblique muscle closer
to the recording electrode. One major difference
between the o-VEMP and c-VEMP, is that the o-
VEMP is a contralateral response whereas the c-
VEMP is ipsilateral. In addition, the c-VEMP is
an inhibitory response and the o-VEMP is an ex-
citatory response. It has been also thought that the
o-VEMP is mainly mediated by utricular stimula-
tion while the c-VEMP is a saccular response [4].

There is little written on c-VEMP and o-VEMP
in different category of MD: Definitive Ménière’s (
DMD), cochlear Ménière’s (CMD) and recurrent
vestibulopathy (RV). Thus, the rationale intended
for this current study was to explore the role of
VEMP in diagnosis of the different kinds of MD.

Patients and Methods

The current study was a cross-sectional study
that included all patients aged 18 years or more
with MD of any degree who came to the outpatient
clinic of Al Demerdash Hospital, Ain Shams Uni-
versity, Cairo, Egypt, during the period from March
2018 and March 2020. The objective of the study
as well as the steps of the procedures were ex-
plained plainly to the study participants. All par-
ticipants included in the study have provided an
informed consent. The Ethical Review Board has
approved this study.

The patients were divided into three groups
and were selected according to the diagnosis. 
Group 1 were patients with DMD. Idiopathic 
endolymphatic hydrops in patients having the 
classic tetrad of MD which are at least two episodic 
vertiginous spells lasting 20 minutes or longer, 
tinnitus, ear fullness, and fluctuating hearing. 
Group 2 were patients with RV. Those patients 
were characterized by more than a single episode of 
vertigo of duration characteristic of that occurring 
with hydrops but without auditory or 
neurological symptoms or signs. Group 3 were 
patients with CMD. Those with fluctuating 
sensorineural hearing loss with tinnitus. Exclusion 
criteria were: Refusal to participate, patients with 
sudden SNHL, patients with retrocochlear 
pathology, patients with neurological disorders, 
patients with any history suggestive of vestibular 
neuritis, any patients with history suggestive of 
head trauma, or patients with any history suggestive 
of benign positional paroxysmal attacks.

Full history was taken from all patients included
duration of the condition, onset, course, fluctuation,
side of hearing loss, character of tinnitus, frequency,
duration & severity of vertiginous attacks, presence
of aural fullness. History of medical treatment and
its effect on the control of the condition, and history
of ear surgery was also emphasized. History of
precipitating factors for endolymphatic hydrops
was emphasized too.

Also there was a control group that consisted
of 8 patients age between 25-40 years of age.
Regarding gender; 4/8 females, and 4/8 females.
They had normal middle ear function and within
normal audiograms and speech discrimination
scores.

Basic audiological evaluations were carried
out. It included the following procedures:

Pure tone audiometry: Air conduction thresh-
olds were tested at the following frequencies 0.25,
0.5, 1, 2, 4 and 8KHz. Bone conduction thresholds
were tested at 0.5, 1, 2 and 4KHz. Effective mask-
ing using narrow band noise was introduced to the
contralateral ear whenever indicated. Two channel
pure tone audiometry (AC 40) was used.

Speech audiometry: This included speech per-
ception threshold testing (SRT), and word discrim-
ination testing at 40 dB sensation level (ref SRT)
or at most comfortable levels in a sound treated
room.

Acoustic immittance testing:  It included tympa-
nometry and acoustic reflex threshold measurement.

Electrocochleography: Non-invasive tympanic
membrane electrocochleography was carried out
using Otopront Evoked Potential System. The
active electrode was Gold plated Triptode by Bio-
logic Corporation. Sound delivery system was
insert phone placed in the external auditory canal.
The other two electrodes were placed at the con-
tralateral mastoid and the forehead to serve as
negative and ground electrodes, respectively. Stim-
uli consisted of 100 microsecond clicks were gen-
erated at a rate of 7.1 pulses/second at 90db nHL.
Alternating polarity was used to cancel the cochlear
microphonic and the stimulus artifacts. A system
bandpass of 10HZ to 1.5kHZ was utilized. Analysis
of the waveforms was carried out by measuring
the amplitude of the SP from the pre-stimulus
baseline to the shoulder of the preceding edge of
the AP. The AP amplitude was measured from the
pre-stimulus baseline to the maximum peak of N1 (
Fig. 1).
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Fig. (1A): Stimuli consisted of 100 microsecond clicks,
generated at a rate of 7.1 pulses/second at 90db
nHL. Alternating polarity was used to cancel the
cochlear microphonic and the stimulus artifacts.
A system bandpass of 10 HZ to 1.5 kHZ was
utilized.

Fig. (1B): The active electrode was Gold plated Triptode by
Biologic corporation. Sound delivery system was
insert phone placed in the external audifigure. The
other two electrodes were placed at the contralateral
mastoid and the forehead to serve as negative and
ground electrodes respectively.

Fig. (1): Noninvasive tympanic membrane Electrocochleography settings.

Otolith function assessment was carried out in
the form of:

Cervical vestibular evoked myogenic potentials
(c-VEMP):

The subject was in a sitting position and was
instructed to rotate his head to the opposite side
of the stimulated ear and to maintain muscle con-
traction. Otopront evoked potential system was
used. The silver surface electrodes were placed
over the midpoint of the sternomastoid muscle (
active one), a reference electrode was placed over
the upper sternum, and the ground electrode was
placed at the forehead. The electrode impedance
was kept under five uhms. C-VEMP testing was
recorded bilaterally with 500HZ tone burst stimu-
lus, rise/fall time of two millisecond and a plateau
of one millisecond. The repetition rate was five
per second at 90dB nHL intensity using an insert
receiver. After that, the EMG response from each
side was amplified with band pass filter (10- 
1500HZ). Two hundred sweeps were averaged
with a window of 50 milliseconds. At least two
consecutive averages were recorded from each side
to verify reproducibility. The average of two runs
was taken for the amplitude and latencies, and
compared to the values of the control group. La-
tencies of p13, N23 were measured. P13 is the first
positive peak of c-VEMP and n23 is the first neg-
ative peak following p13. For the evaluation of
the amplitude, the inter peak p13-n23 amplitude
were measured. The adult normative data of audi-
ology unit Ain shams was 15.5 (±2.3) and 23.6

(±2.9) milliseconds for the latency of the p13 and
n23 waves, respectively. For air conduction stim-
ulus, p13-n23 inter amplitude was 112 (±67.5)
milliseconds [5,6].

Ocular vestibular evoked myogenic potentials
(o-VEMP):

The subject was in the sitting position and was
instructed to look upward to a small fixed target
more than two meters. The vertical eye position
was at angle of approximately 30-35 degree above
the horizontal line. The surface electrodes were
placed at three mm below the eye and centered
beneath their pupil not the inferior ocular 
muscle, a reference electrode was placed on the 
chin and the ground impedance was kept under 
five uhms as n1 responses are best recorded from 
the extra-ocular muscles slightly below the eye 
contralateral  to stimulation [5,6].

O-VEMP testing was recorded bilaterally with
the 500HZ tone burst stimulus, rise/fall time of
two millisecond and a plateau of one millisecond.
Repletion rate was 5/sec at 90dB nHL intensity
using an insert receiver. The EMG response from
each side was amplified by band pass filter (10- 
1500HZ). Two-hundred sweeps was averaged 
with a window of 50 millisecond. At least two 
consecutive averages were recorded from each 
side to verify reproducibility. The average of two 
runs was taken for the amplitude and latencies 
were compared to the values well known. 
Latencies of n1, p1 were measured. N1 is the first 
negative peak
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of o-VEMP and p1 is the first positive peak fol-
lowing n1. For evaluation of the amplitude, n1-p1
inter amplitude was measured. The latency of the
n 1 and p 1 from the adult normative data of audi-
ology unit Ain Shams University was 11.1 (±0.4)
and 15.9 (±0.4) milliseconds respectively for air
conduction stimuli. N1-P1 inter-amplitude was
14.6 (±4.80).

Vestibular assessment was carried out:

Video Nystagmography (VNG): The test proto-
col included spontaneous nystagmus, gaze test,
oculomotor tests, positioning test (Dix-hallpike),
positional nystagmus, and caloric testing. Video
Nystagmography (VNG) was carried out using
Micromedical Tech, Meta 4 software version 4.5.

For the caloric testing, otological examination
was done first to make sure that there was not a
condition that would hinder water irrigation feasi-
bility. Then, patient was positioned on his back,
with the head 30 degrees above horizontal line and
that pre-caloric nystagmus was observed if present
and was measured. The patient was informed about
the steps of the test and the possibility of vertigo
to occur. Fixation was then introduced to calculate
the fixation index.

For the alternate binaural bi-thermal caloric
testing, we started irrigation of the ear with 200cc
water at 44 degrees over 40 seconds. Then, the
patient was instructed to keep his eyes opened and
chin up. After that, we gave the patient mental
tasks, after recording for 40-50 seconds, the patient
was tested for fixation index. The goggles were
then opened, and testing was stopped until nystag-
mus has completely stopped, and the patient no
more had vertigo. The same steps were repeated
to the other ear, and those were the steps for the
warm test. As for the cool test both ears were
irrigated with 30 degrees water. The software
recorded and measured the total response and
fixation index of nystagmus, following each irri-
gation. Also, the software inserted right and left
total response in Jongkees’ formula and output the
response of one ear relative to the other in percentile
terms. Jongkees’ formula to calculate the asymme-
try between the ears [8]:
Percentage of asymmetry = (RC + RW) – (LC + LW)X 100

(RC + RW + LC + LW)

Where RC, RW, LC, and LW are peak slow
phase velocity for the responses to right cool, right
warm, left cool, and left warm irrigations, respec-
tively.

Statistical analysis:
The patients were grouped into three groups,

and a control group. The groups were compared
for all demographic variables as well as clinic-
pathologic variables and for all tests. Recorded
data were coded, entered, cleaned, and analyzed
using the statistical package for social sciences,
version 25.0 (SPSS Inc., Chicago, Illinois, USA).
Quantitative data were expressed as mean± standard
deviation (SD) or median and interquartile range (
IQR). Qualitative data were expressed as frequency
and percentage. Chi-square (x2) test of significance
or ANOVA was used in order to compare propor-
tions between the qualitative parameters, and the
student t-test was used for the numerical parametric
data. Non-parametric statistical tests were applied
whenever indicated. Post-hoc tests were made for
further comparisons. The confidence level was set
to 95% and the margin of error accepted was set
to 5%. So, the p-value was considered 
significant if <0.05. Correlation Coefficient was 
calculated.

Results

The study included 40 patients with different
degrees of MD: 13 with DMD, 10 with CMD and
17 with RV. In addition, the study included eight
normal control subjects. Therefore, the total sample
was 48 subjects.

Demographic and clinic -pathologic character-
istics of groups:

The mean age was 32.9±6.8 years with a min-
imum age of 20 and a maximum of 47 years. The
mean age is variable between groups (p-value
<0.001) with the highest in the DMD group (38.3±
7.4 years) and the lowest in the CMD group (25.2
± 4.6 years), as shown in Table (1).

Nineteen (39.6%) of cases was males and 29 (
60.4%) was females. The male to female ratio is
variable between groups of the study (p-value= 0.
03) with the highest ratio 9:4 in the DMD group.
Post-hoc testing revealed that male gender is more
prevalent in the DMD group than other groups (p= 0.
002). Female gender is more prevalent in the RV
group (p=0.009), as shown in Table (1). Regarding
positive family history, there is a significant dif-
ference between groups (p<0.001). Posthoc testing
revealed that positive family history is not related
to CMD (p<0.001). Vertigo is more prevalent in
the RV than other groups (p=0.002). Hearing loss
is more prevalent in the CMD group (p<0.001), as
shown in Table (1).

There is a significant difference between groups (p
<0.001) regarding dizziness. Post-hoc testing
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revealed that the CMD group (p<0.001) has the
least frequency in sensation of imbalance or rotation
than the two other groups. Also, the prevalence of
headache is significantly different between groups (p
<0.001). Post-hoc testing revealed that headache is 
less prevalent in the CMD group (p<0.001) than
other groups. In addition, aural fullness is less
prevalent in the CMD group (p<0.001) than other
groups. Tinnitus is less prevalent in the CMD group (p
<0.001) than other groups. Regarding history of
Tumarkin crisis, there is no significant difference
between groups (p=0.09), as shown in Table (1).

Five cases (38.5%) of DMD and six cases (60%)
of CMD have had unilateral affection; while, 16
cases (94.1 %) of RV have had unilateral affection.
There is a significant difference between groups
with regard laterality of the condition (p<0.001).
Post-hoc tests showed that Unilateral affection is
more in RV group and CMD while bilateral affec-
tion is more in the DMD group (p<0.001). The
duration is different in the three study groups (p
=0.011). Post-hoc tests showed that DMD group
has significantly longer duration than other groups (p
<0.001), as shown in Table (1).

Basic audiological evaluation:

After acoustic emittance testing, all cases in
all groups have had normal tympanograms (right
and left). The type of hearing loss is variable
between groups (p<0.001). All cases of DMD 13 (
100%) and CMD 10 (100%) have had SNHL,
with only two cases (11.8%) of RV. Post-hoc testing
revealed that SNHL is significantly higher in DMD (p
=0.001) and CMD (p=0.005) than in RV group, as 
shown in Table (1). The right ear audiogram is
significantly (p<0.001) affected in the DMD and
the CMD groups than other groups especially at
250, 500 & 1000 HZ frequencies. Also, the left
ear audiogram showed highly significant affection
in the DMD and the CMD groups than other groups
especially at 250, 500, 1000 & 2000 HZ frequen-
cies, as shown in Figs. (2,3). There is highly sig-
nificant difference between the three groups re-
garding the left ear and right ear speech
discrimination score. Post-hoc tests showed that
the scores are significantly (p<0.001) lower in the
DMD group than both in CMD group and the RV
group, as shown in Table (2).

Table (1): Demographic and clinical characteristics of cases.

DMD
N=13

CMD
N=10

RV
N=17 p-value

Male: Female ratio 9:04 3:07 3:14 0.03

Age, years mean ± SD 38.3±7.4 25.2±4.6 33.8±3.6 <0.001

Positive family history, n (%) 12 (92.3) 1 (10.0) 14 (82.4) <0.001

Main complaint, n (%):
Hearing loss 1 (7.7) 9 (90.0) 0 (0.0) <0.001
Vertigo 12 (92.3) 1 (10.0) 17 (100.0)

Dizziness, n (%):
No dizziness 0 (0.0) 9 (90.0) 0 (0.0) <0.001
Sense of rotation of surrounding 3 (23.1) 1 (10.0) 8 (47.1)
Sense of imbalance 8 (61.5) 0 (0.0) 9 (52.9)
Sense of self rotation 2 (15.4) 0 (0.0) 0 (0.0)

Headache, n (%) 13 (100.0) 3 (30.0) 16 (94.1) <0.001

Aural fullness, n (%) 13 (100.0) 1 (10.0) 16 (94.1) <0.001
Tinnitus, n (%) 13 (100.0) 4 (40.0) 15 (88.2) 0.001
History of tumarkin crisis, n (%) 5 (38.5) 0 (0.0) 4 (23.5) 0.09

Laterality, n (%):
Unilateral 5 (38.5) 6 (60) 16 (94.1) <0.001
Bilateral 8 (61.5) 4 (40) 1 (5.9)

Duration of the disease:
Mean ± SD 27.5±22.8 10.0±3.8 13.8±6.0 0.011

Median (IQR) 24.0 (24.0) 12.0 (6) 12.0 (8.0)

Type of hearing loss, n (%):
SNHL 13 (100) 10 (100) 2 (11.8) <0.001
No hearing loss 0 (0.0) 0 (0.0) 15 (88.2)
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250 500 1 0 0 0  2 0 0 0  4 0 0 0  8 0 0 0
FREQ. HZ.

Definitive Meniers
Recurrent vestibulopathy

Cochlear Menier’s
Normal control

Fig. (2): Right Ear Audiogram.

250 500 1 0 0 0  2 0 0 0  4 0 0 0  8 0 0 0
FREQ. HZ.

Definitive Meniers
Recurrent vestibulopathy

Cochlear Menier’s
Normal control

Fig. (3): Left Ear Audiogram.
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Table (2): Speech discrimination score and electrocochleography and vestibular assessment.

DMD
N=13

CMD
N=10

RV
N=17

Normal control
N=8

p-
value

Speech discrimination score:
Right ear, mean ± SD 93.2±6.6 100.0±0.0 99.8±1.0 100.0±0.0 <0.001
Left ear, mean ± SD 87.1±3.9 96.4±2.3 98.4±2.0 99.0±4.3 <0.001

Right ear ECochG sp/ap ratio:
Mean ± SD 0.43±0.18 0.45±0.08 0.48±0.19 0.36±0.03 0.346
Abnormal, n (%) 5 (38.5) 5 (50.0) 6 (35.6) 0 (0.0) 0.746

Left ear ECochG sp/ap ratio:
Mean ± SD 0.70±0.07 0.48±0.15 0.54±0.13 0.34±0.04 <0.001
Abnormal, n (%) 11 (84.6) 7 (70.0) 10 (58.8) 0 (0.0) 0.311

Positiona nystagmus, n (%) 6 (46.2) 3 (30) 9 (52.9) 0 (0.0) 0.07

Asymmetric caloric test, n (%) 2 (15.4) 0 (0.0) 2 (11.8) 0 (0.0) 0.43

Electrocochleography:
Non-invasive tympanic membrane electrococh-

leography was performed for all cases. The mean
sp/ap ratio was >0.40 in all study groups except
for normal cases, as shown in Table (2). There is
highly significant (p-value <0.001) difference in
the mean left ear sp/ap ratio between groups. Post-
hoc tests for multiple comparisons revealed a
significant difference between DMD and CMD (p-
value <0.001) and between the DMD group and
the RV group (p-value=0.003). However, no dif-
ferences could be detected in the right ear sp/ap
ratio between groups, as shown in Table (2).

Vestibular assessment: Video-Nystagmography (
VNG):

Classic Video-Nystagmography VNG test bat-
tery was performed searching for spontaneous,
gaze evoked positional and positioning nystagmus.
Oculomotor test battery included regular random

saccade testing, together with eye tracking and
optokinetic tests. Bithermal Caloric test was per-
formed. All cases have had a normal VNG sponta-
neous nystagmus test, VNG gaze test, VNG saccade
test, tracking test, optokinetic test and Dix hallpike
maneuver. Positional nystagmus and caloric test
were comparable between all study groups (p-
value >0.05), as shown in Table (2).

Otolith function assessment:

Asymmetric response of c-VEMP was seen in
nine (69.2%) of DMD cases, 14 (82.4%) of RV
cases and only in three (30%) of CMD cases, (p-
value <0.001), as shown in Table (3). There is
highly significant (p<0.001) difference in the mean
of c-VEMP between groups. Post-hoc test for
multiple comparisons revealed a significant differ-
ence between DMD group and normal control (p-
value <0.001) and between the RV group and the
normal control (p=0.002). There is a significant
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difference (p-values <0.001) in p1 & n1 latencies
in right ear between the study groups, as shown in
Table (3). Post-hoc testing showed that in the right
ear p1 latency, the difference is between RV and
both DMD (p<0.001) and CMD (p<0.001). In
addition, the right ear n1 latency, the difference is
between RV and both DMD (p<0.001) and CMD (p
=0.024). c-VEMP IAD was significantly variable
between groups (p=0.028), it was 0.13±0.02 in the
DMD, 0.13±0.01 in the CMD & 0.24±0.17 in 
the RV groups. Post-hoc testing revealed 
nonsignificant results.

Low amplitude of o-VEMP was seen in 11 (
84.6%) of DMD cases, 9 (90%) of CMD cases,
15 (88.2%) of RV cases, and only in two (25%) of
normal cases, (p-value=0.002). Latencies of n1
and p 1 were measured in right and left ear in all
cases. There is a significant difference in right ear
p1 (p-values=0.007) & left ear p1 (p-values=0.027)
latencies between the study groups, as shown in
Table (3). o-VEMP IAD was significantly variable
between groups (p=0.018), it was 0.39±0.08 in the
DMD, 0.17±0.06 in the CMD & 0.35±0.07 in 
the

RV groups. Post-hoc testing showed no differences
between groups. Post-hoc tests for multiple com-
parisons revealed a significant difference between
definitive and cochlear Meniere's as regard o-
VEMP inter-aural amplitude difference (IAD) (p-
value=0.032) only, as shown in Table (4).

Further analyses:

Further analyses were carried out to explore
the relationship between the duration of symptoms
and the laterality of the condition. The duration of
symptoms was not significantly (p=0.068) different
according to laterality of the condition. The median (
IQR) duration was 12.0 (2.0) years in the unilateral
versus 12.0 (24) in the bilaterally affected cases.
Also, correlations between age, duration and the
different tests findings were carried out. There 
is a significant positive strong correlation 
between age and EchoG sp/ap ratio left ear, o-
VEMP IAD and o-VEMP left ear n1. In addition, 
there is a significant positive weak correlation 
between duration and EchoG sp/ap ratio left ear 
and c-VEMP left ear n1, as shown in Table (5).

Table (3): Cervical and ocular vestibular evoked myogenic potentials.

DMD
N=13

CMD
N=10

RV
N=17

c-VEMP:

Asymmetric response, n (%): 9 (69.2) 3 (30) 14 (82.4)
Mean ± SD 0.39±0.19 0.24±0.12

0.34±0.
10

Right ear P1 latency 11.4±5.3 8.9±3.5 19.3±4.0
Right ear N1 latency 16±7.6 18.7±5.4 24.6±2.5
Left ear P1 latency 14.1±6.2 12.4±3.8 11.7±2.5

Left ear N1 latency 22.1±6.2 16.7±8.4 19.4±6.6

o-VEMP:

Right ear P1 latency 13.0±1.3 13.9±1.7 16.1±0.1
Right ear N1 latency 10.2±0.1 11.2±1.5 12.0±0.1
Left ear P1 latency 13.6±0.8 15.2±0.9 14.5±2.2
Left ear N1 latency 11.5±0.5 11.0±0.2 10.6±1.4

Abnormal c-VEMP IAD, n (%) 7 (53.8) 0 (0.0)

Abnormal o-VEMP IAD, n (%) 2 (100.0) 0 (0.0)

c-VEMP IAD, mean ± SD 0.13±0.020.13±0.01

o-VEMP IAD, mean ± SD 0.39±0.080.17±0.06

Normal control
N=8

p-
value

0 (0.0)
0.1±0.02
16.21±0.6

<0.001
<0.001
<0.001

24.2±0.5 <0.001
16.4±0.6 0.051
24.5±0.6 0.062

16.2±0.3 0.007

11.4±0.3 0.237
16.2±0.3 0.027
11.8±0.5 0.097

RV p-value

3 (17.6) 0.008

1 (50.0) 0.028

0.24±0.17 0.101

0.35±0.07 0.018

Table (4): IAD of c-VEMP and o-VEMP.

DMD CMD

Post-hoc tests revealed difference between DMD & CMD in the o-VEMP only.
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Table (5): Correlations between age, duration and all tests findings.

Age Duration

Correlation
coefficient

p-value
Correlation
coefficient

p-value

ECochG sp/ap ratio right ear –0.17 0.305 0.27 0.096
ECochG sp/ap ratio left ear 0.51** 0.001 0.34* 0.03
OVEMP IAD 0.91** 0.002 0.66 0.073
CVEMP IAD 0.12 0.477 0.25 0.121
OVEMP right ear N1 –0.48 0.233 0.08 0.858
OVEMP right ear P1 0.05 0.91 0.27 0.511
OVEMP left ear N1 0.75* 0.033 0.36 0.382
OVEMP left ear P1 0.1 0.821 0.03 0.952
CVEMP right ear N1 –0.08 0.62 –0.07 0.671
CVEMP right ear P1 0.07 0.672 0.16 0.319
CVEMP left ear N1 0.22 0.18 0.42** 0.007
CVEMP left ear P1 –0.04 0.823 0.16 0.315

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Discussion

This is a comparative cross-sectional study that
aimed to explore the role of VEMP in diagnosis
of the different kinds of endolymphatic hydrops.
The study comprised 40 patients with different
types of endolymphatic hydrops. And also the study
included 8 patients as a control group.

The study included ten cases with CMD having
fluctuating sensorineural hearing loss with tinnitus.
Study done by Schaaf et al., that discusses whether
low frequency fluctuating hearing loss without
labyrinthine vertigo is a genuine disease, actually
agrees with our study. They reported that 26% of
CMD patients suffered from vertigo, but only 9%
had developed the typical signs of full-blown MD
with the typical labyrinthine vertigo. They conclud-
ed that; although almost every patient with MD
suffered from recurrent low-frequency hearing
loss, only a few patients with recurrent hearing
loss developed MD [9].

Additionally, current study included 17 cases
with RV. They are a group of patients with a history
of more than a single episode of vertigo. RV was
defined a disease characterized by more than a
single episode of vertigo of duration characteristic
of endolymphatic hydrops but without auditory or
clinical neurological symptoms or signs. As a
distinctive clinical disorder with unknown cause,
RV should be always considered to the patients
complaining recurrent episodic vertigo [10].

The study also included 13 with DMD disease.
Those with DMD tend to be older than the other
two groups. Also, those with CMD tend to be
younger than the other two groups. In addition,

there was a significant difference in gender preva-
lence between the three study groups. Male gender
was more prevalent in the DMD disease group
than the other two groups. This finding agreed
with a research article made to study the importance
of socioeconomic and environmental factors in
MD, a comparison of disease prevalence by gender
was made, MD was found to be higher among
females with a rate of 84 per 100,000 compared
to a rate of 56 per 100,000 among males. Also, the
incidence of rate of MD among females was sig-
nificantly higher than that of males in all the age
groups that were older than 41 years old and in
the age 11-20 group. The prevalence increased as
age increased with the highest prevalence found
among the 81 to 90-year age group [11].

The results of the current study showed that
there was significant difference in family history
between the three study groups; as it was related
to the DMD group and to the RV but not related
to the CMD group. This finding agreed with a
study made by Requena et al., that discussed fa-
milial clustering and familial heterogeneity in
Meniere’s disease. It was made to estimate the
prevalence of familial cases in patients with MD
and to identify clinical differences between sporadic
and familial MD. It was found that MD was a
complex trait and multiple genes and environmental
factors contributed to its development. The aggre-
gation of a disease in families was the first observ-
able clue for an underlying genetic susceptibility [
12]. Thus, therefore a family history of SNHL,
migraine or recurrent vertigo in several members
of the family would justify a familial investigation
of these patients to confirm if any of them fulfill
diagnostic criteria for MD [13].
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Regarding the history of vertiginous attacks in
this study, vertigo was more prevalent in the RV
group than other groups. Hearing loss was more
prevalent in the CMD group. Also, with regard
dizziness, the CMD group has less sensation of
imbalance or rotation than the two other groups.
Headachewas less prevalent in the CMD group
than other groups. Aural fullness was less prevalent
in the CMD group than other groups. Also, tinnitus
was less prevalent in the CMD group than other
groups, as shown in Table (1). Huppert et al., in
their study of long term Meniere’s disease, talked
about the effects and course of the long-term of
MD. It was found that the frequency of vertigo
attacks diminishes within 5-10 years. In the same
study it was also found that hearing loss (of about
50-60dB) and vestibular function decrement (of
about 35-50%) take place mainly in the first 5-10
years of disease. Also, drop attacks were found to
occur early or late during the disease, and remission
was spontaneous in most cases [14]. Also, VEMP
measurements were more likely to be absent in
ears with MD and most likely to be absent in
Meniere ears that experience drop attacks, as the
saccule is the first site to be affected during the
disease [15].

In our study, unilateral affection was more in
RV and CMD groups; whereas bilateral affection
was more in the DMD group. However, it was
found in another study that MD usually starts
confined to one ear but it often extended to involve
both ears over time [16]. However, Suh et al. (2018)
found the prevalence of a bilateral disease was
only 5.6%. It was generally agreed that there were
often minor symptoms on the other ear, and also
that it was rare that both ears were severely im-
pacted. This agrees with our study. Usually, the
second ear would be affected only to a mild tinnitus
or fullness [17]. On the other hand, bilateral in-
volvement was observed in about one third of MD
cases. Saccular hydrops appeared to precede symp-
toms in bilateral MD patients [18,19].

Our study showed that the DMD group had
significantly longer duration than other groups as
shown in Table (5). The course of hearing loss
seemed to show a considerable tendency to progress
over the duration of the illness. However, one
review with an overall large number of patients (
n=7852) allowed for an assessment of the most
probable long-term prognosis of the MD activity.
Involvement of the contralateral ear became more
frequent the longer the disease lasted [14].

In our cases, after Conventional audiological
evaluation, it was showed in the audiogram that

there was mild to moderate affection in the DMD
group more than the other groups especially at
250, 500, and 1000 HZ frequencies. All cases of
DMD and CMD have had SNHL, with only two
cases of RV. In a study made on 40 ears, assessing
the stage of MD and correlating it with the resultant
hearing loss. The audiograms demonstrated low-
frequency hearing loss in 14 ears, high-frequency
hearing loss in 7 ears, peak-type hearing loss in 7
ears, and flat-type hearing loss in 12 ears. Low-
or hightone hearing loss was found in 83% of the
stage I ears and in 75% of the stage II ears. In
contrast, peak- or flat-type hearing loss was found
in 62% of the stage III ears and in 100% of the
stage IV ears, indicating a significant relationship
between the types of hearing loss and the stage of
MD [20].

In our study, the speech discrimination scores
were significantly lower in the DMD group than
both in CMD group and the RV group. That agrees
with another study that demonstrated that the score
was significantly lower in the DMD group than
the other groups. It still matched pure tone thresh-
olds for all patients. Correlations between pure-
tone and speech audiometry were present as in
non-Meniere ears and no indications were found
of reduced speech discrimination relative to the
expectation based on pure-tone loss [21].

In our study, EcochG was carried out using the
Golden Triptodes,as shown in Fig. (1). Elevation
of SP/AP ratio above the criterion level of abnor-
mality (0.42) according to the established norms
of the Ain Shams University Hospital. In our study,
non-invasive tympanic membrane electrocochle-
ography was performed for all cases. The mean
SP/AP ratio was >0.40 in all study groups except
for normal ears. The mean left ear sp/ap ratio was
significantly different between DMD and CMD
groups, and between the DMD and the RV groups.
When attempting to diagnose MD, a criterion of
0.42 was set as abnormal value. This criterion was
set according to some studies that reported an
elevation of SP/AP ratio above the criterion level
of abnormality (0.42) was found in 82.85% of
affected ears, as shown in Table (2) [22,23].

In order to fully establish an assessment of the
pathophysiology of MD, vestibular testing was
performed thoroughly. Classic Video–Nystagmog-
raphy (VNG) test battery was performed searching
for spontaneous, gaze evoked positional and posi-
tioning nystagmus. Oculomotor test battery includ-
ed regular random saccade testing, together with
eye tracking and optokinetic tests. Bithermal Ca-
loric test was performed. All cases have had a
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normal VNG spontaneous nystagmus test, VNG
gaze test, VNG saccade test, tracking test, optoki-
netic test and Dix hallpike maneuver. Positional
nystagmus and caloric test were comparable be-
tween all study groups. However, a functional
reduction of about 35-50% of caloric response was
commonly found in the afflicted ear. Only a few
patients had a more severe decrement of vestibular
function, and the absence of caloric responses was
rare [14].

In the current study, both c-VEMP and o-VEMP
were carried out in all cases to assess their otolith
function. It was found that asymmetric response
of c-VEMP was seen in 69.2% of DMD cases,
82.4% of RV cases and only in 30% of CMD cases.
This could be explained by Young et al., ion their
study about VEMPs in delayed Endolymphatic
Hydrops that reported that the IAD ratio of VEMPs
correlates with the stage of MD and can be used
as another aid to assess the stage of MD [20].

The results of this current study showed that
there was a significant difference in c-VEMP
between DMD and normal control groups and
between the RV group and the normal control
group. Asymmetric c-VEMP was significantly
more frequent in the RV & DMD groups than other
groups. There was a significant difference in p1
& n1 latencies in right ear between the study
groups. The right ear p 1 latency, the difference
was between RV and both DMD and CMD. In
addition, the right ear n1 latency, the difference
was between RV and both DMD and CMD. Low
amplitude of o-VEMP was seen in 84.6% of DMD
cases, 90% of CMD cases, 88.2% of RV cases, and
only in 25% of normal cases. Latencies of n1 and
p 1 were measured in right and left ear in all cases.
There was a significant difference in right ear p1
& left ear p1 latencies among the study groups.
There was a significant positive strong correlation
between age and Echo-G SP/Ap ratio left ear, o-
VEMP IAD and o-VEMP left ear n1. In addition,
there was a significant positive weak correlation
between duration and EcochG SP/AP ratio left ear
and c-VEMP left ear n1. In another study c-VEMP
was obtained from both ears of 58 individuals with
MD and same number of age and gender matched
healthy individuals. The lowest amplitudes were
obtained in the affected ears with MD followed by
their unaffected ears. The finding of larger asym-
metry ratio of c-VEMP in MD might be attributed
to the unilateral nature of the pathology. C-VEMP
is an ipsilateral response with almost no contribu-
tion from the contralateral side, therefore one side
might be affected but not the other side. Thereby;

producing larger asymmetry between the sides in
MD [24-26].

However, it was found that there was little
evidence that any type of VEMP is sufficiently
sensitive to be useful for diagnosis of MD. It was
said that their main role was to diagnose other
illnesses that might be confused with MD, and
possibly to predict whether gentamicin injection
for MD was effective or not [22]. However, a study
combining c-VEMP and o-VEMP, it was found
that in o-VEMP, there was prolonged latency of
n10 and p15 as a frequent finding in the study
groups. Also, there were differences between the
study groups and the control group for most of the
wave parameters in combined c-VEMP and o-
VEMP. Also, it was found that it was lower in
patients with MD response. Also, thresholds were
higher than in subjects not having MD. The affected
ear was more altered than the clinically unaffected
ear. Therefore, the air conducted VEMP could be
a relevant addition to the diagnosis workup of
patients with possible MD. Scarpa et al., in their
study about clinical applications of cVEMPs and
oVEMPs in patients affected by Meniere’s disease;
lower response rate, smaller amplitude, and higher
threshold of the o-VEMP indicated the pathological
disease evidence [27].

Conclusion:

Vestibular evoked myogenic potential test is a
good diagnostic and prognostic tool in identifying
different forms of Endolymphatic hydrops. Elevated
SP/AP ratio is a good index in identifying Endol-
ymphatic Hydrops in the diseased ear, and can
detect early pathology in the contralateral ear and
in cochlear Meniere’s disease before the full-blown
picture of the definitive Meniere’s disease prevails.
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