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Introduction

Many studies have identified a significant overlap between 
the symptoms of vestibular migraine (VM) and Meniere’s 
disease (MD) [1]. These disorders have distinct pathophysio-
logical mechanisms. In the case of VMs, one of the first pro-
posed explanations for the condition is the vasospasm of the 
internal auditory artery, followed by the implication of the 
trigemino-vascular system [1,2]. Given the time spent by neu-
rologists and ENT specialists with patients with headaches 
and vestibulopathy in clinical practice, further differential di-
agnostic studies are needed to better define and treat VM. In 
over 25% of patients, MD and VM co-morbidities. The prev-

alence of VM is approximately 1%, but it cannot be distin-
guished from MD if only the medical history and symptom-
ology are known [3]. The biggest difference in the diagnosis 
of these diseases is the auditory symptoms in the diagnosis of 
MD. Although it has been reported in studies that there may 
be complaints of tinnitus accompanying vertigo attacks in VM 
patients, 25% of migraine patients also have hearing loss [4,5].

In this study, in which we examined the differences and 
similarities between MD and VM, unlike other studies, it was 
aimed to evaluate and compare the differences in hearing sta-
tus as well as the vestibular evaluations and subjective com-
plaints of the patients.

Subjects and Methods

Subjects
This retrospective study was approved by the ethical com-
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mittee of the Istanbul Medipol University (No: E-10840098-
772.02-2903). The requirement of informed consent was 
waived due to the retrospective nature of the study. The study 
included 42 VM patients (11 women) who applied to both 
Otolaryngology and Neurology Departments, and 56 MD 
patients (31 women) who applied to the ENT department. 
Those of patients were admitted to İstanbul Medipol Mega 
Hospital. VM patients whose neurological examination could 
not be completed and those with positive pathological find-
ings on magnetic resonance imaging were excluded from the 
study. Subjective vestibular and auditory complaints of the 
patients were questioned in detail. Hearing thresholds, vestib-
ular evoked myogenic potential (VEMP) responses, and ca-
loric test results were evaluated.

The VM inclusion criteria are based on the “Diagnostic Cri-
teria for Vestibular Migraine Proposed by Barany Society and 
the Third International Classification of Headache Disorders 
(ICHD-3) [6].” Patients with definitive diagnosis of vestibu-
lar migraine were included. The MD inclusion criteria are 
based on the “American Academy of Otolaryngology-Head 
and Neck Surgery Diagnostic Criteria for Meniere’s Disease 
[7].” Definitively diagnosed MD patients were included in the 
study. Data were collected during stable periods of patients’ 
symptoms.

Hearing evaluation
Air-conduction threshold (ACT) testing was conducted at 

250, 500, 1,000, 2,000, 4,000, 6,000, and 8,000 Hz, and bone-
conduction threshold (BCT) testing was conducted at 500, 
1,000, 2,000, and 4,000 Hz frequencies. ACT and BCT were 
averages of 500, 1,000, 2,000, and 4,000 Hz. As a result of the 
average of the frequencies, 25 dB HL and below was accepted 
as normal hearing. Patients with values of 25 dB HL and 
above were considered with hearing loss [8].

VEMP testing

Cervical VEMP

Patients were instructed to turn their heads to generate the 
active neck rotation needed during the cervical VEMP (c-
VEMP) test and for the recording of tonic background muscle 
activity. A recording electrode was located at the belly of the 
ipsilateral sternocleidomastoid muscle, a ground electrode 
was placed on the manubrium sterni, and a reference elec-
trode was placed on the forehead. Reference latency values 
were determined as 13–23 ms at 100 dB HL. The p13 and 
n23 peaks occurring after 13 ms and 23 ms were defined as 
the first positive and negative peaks from the onset of stimu-
lation, respectively. The p13 latency and peak-to-peak ampli-

tude were defined as the difference between the p13 and n23 
peaks. 

Ocular VEMP

Patients were asked to fix their eyes at approximately 30° up-
wards in a superomedial gaze for the ocular VEMP (o-VEMP) 
recordings. This angle is reported to elicit the largest respons-
es [9,10]. The recording electrode was placed over the contra-
lateral inferior oblique muscle (centered under the pupil and 
3 mm below the eye), the reference electrode was placed un-
der the recording electrode, and a ground electrode was placed 
on the forehead. Responses averaged 150 stimuli. Reference 
latency values were determined as 10–15 ms at 100 dB HL. 
The first negative and positive peaks occurring between 10 
ms and 20 ms after the stimulus onset were defined as n10 
and p15, respectively.

Caloric testing
Both ears were stimulated separately with a 5-minute in-

terval between tests. Jongkee’s formula was used to calculate 
unilateral weakness (UW) and gain asymmetry (GA) de-
pending on the angular velocity values of the slow phase ob-
tained by hot and cold stimuli of the ears. UW and GA values 
above 20% were considered abnormal.

Subjective complaints
Subjective tinnitus, ear fullness, and motion sickness com-

plaints of the patients were stated verbally as yes and no by 
the patients. For tinnitus complaints, although the patients 
did not have a psychological disorder, it was questioned wheth-
er they could hear sounds at frequencies that did not exist 
outside. For ear fullness, patients were questioned whether 
they experienced a feeling of pressure in their ears as a result 
of the Eustachian tube being blocked or stopped working 
properly. For motion sickness, patients were asked whether 
they often experienced nausea and dizziness during the jour-
ney in the vehicle.

Statistical analysis
Statistical analysis was performed using the IBM SPSS Sta-

tistics software version 24.0 (IBM Corp, Armonk, NY, USA). 
Independent sample t-test was used for the statistical evalua-
tion of hearing assessment and VEMP test results. Chi-
square test was used for statistical evaluation of patient 
complaints and canal paresis results between groups. p<0.05 
was determined as significance level.
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Results

Demographic evaluation
A total of 42 VM patients and 56 MD patients were includ-

ed in the study. When the ages were compared between the 
groups, no significant difference was found (p=0.064). When 
the sex was compared between the groups, a significant dif-
ference was observed, with more female patients in the MD 
group (p<0.001) (Table 1).

Hearing evaluation results
Patients’ hearing was evaluated by grouping them into dif-

ferent hearing states. When the ears were evaluated indepen-
dently of the hearing threshold, a significant difference was 
observed between the groups. According to this result, VM 
group had better ACT, BCT, speech reception threshold (SRT), 

and speech discrimination score (SDS) values, on average of 
11.19 dB HL, 11.3 dB HL, 13.1 dB HL, and 12.1%, respective-
ly (p<0.05). In addition, when only ears with normal hearing 
thresholds were evaluated, the VM group had better ACT, 
BCT, SRT, and SDS test values (p<0.05) (Fig. 1). However, 
when the hearing thresholds of only ears with hearing loss 
were compared, no significant difference was observed be-
tween the groups (p>0.05) (Table 2).

VEMP evaluation results
A total of 30 ears in the VM group and 36 ears in the MD 

group were evaluated with VEMP test. No significant differ-
ence was found between the groups regarding o/c-VEMP la-
tencies of P1, N1, and P1/N1 amplitudes (Table 3). Regarding 
the interaural N1-P1 asymmetry ratio, a significant difference 
was found in c-VEMP between the groups (p=0.019) (Fig. 2). 
This ratio was 0.04 higher in MD group. When the patients 
were compared regarding the presence and absence of o/c-
VEMPs, no significant difference was found between the 
groups (Table 4).

Table 1. Demographic data between the groups

Characteristics
Vestibular 

migraine (n=42)
Meniere’s 

disease (n=56)
p

Age (yr), mean±SD 36.9±9.6 44.7±12.7 0.064
Sex (female/male) 11/31 31/25 ＜0.001

Fig. 1. Comparison of hearing evaluation results according to different hearing status. A: Air-conduction thresholds (ACT). B: Bone-con-
duction thresholds (BCT). C: Speech reception thresholds (SRT). D: Speech discrimination scores (SDS). *p<0.05; **p<0.01.
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Tinnitus and ear fullness complaints
The tinnitus and ear fullness complaints of the groups were 

evaluated. It was noted that complaints of unilateral tinnitus 
and unilateral ear fullness were significantly higher in the MD 
group (p<0.05) (Table 5).

Motion sickness evaluation
A significant difference was observed in complaints of motion 

sickness (p<0.05). It was noted that complaints of motion sick-
ness were significantly higher in the VM group (Table 5).

Caloric test results
There was a significant difference in canal paresis evaluat-

ed by caloric test (p<0.05). The finding of canal paresis evalu-
ated with the caloric test was more common in the MD group 
(Table 5).

Discussion

VM may be one of the most difficult medical entities to di-
agnose because there is a certain overlap with MD in terms of 

its vestibular symptoms, although these diseases have differ-
ent pathophysiological mechanisms. The idea that one may 
suffer from both diseases cannot be discounted, and therefore 
must be considered in clinical evaluation and treatment. 

Hearing assessment studies have shown that MD patients 
have decreased hearing thresholds and speech discrimination 
scores, but these parameters may not sufficiently differentiate 
MD from coexisting with VM and MD [11]. In our study, when 
the hearing thresholds of the patients’ ears were evaluated, 
hearing test values of MD patients were worse than those of 
the VM group, regardless of hearing status among the patient 
groups. This may be attributed to the conclusion that, as ex-
pected, the presence of hearing loss was not found in the di-
agnostic criteria for VM as it was in MD. However, when the 
patients with hearing loss were compared with the groups, no 
significant difference was found between the groups. In this 
sense, it should be considered that VM patients may have a 
hearing loss independent of VM, and patient complaints 
should be sufficiently detailed in order to make a correct dis-
tinction from MD disease. The presence of accompanying ear 
complaints during attacks was a diagnostic criterion for MD 

Table 2. Comparison of hearing thresholds of the groups 

Hearing status Hearing thresholds VM MD p t
Normal hearing ears&
  ears with hearing loss
  (VM: 80 ear, MD: 100 ear)

ACT (dB HL) 14.0±14.0 25.19±21.2 ＜0.001** -4.052
BCT (dB HL) 9.0±10.9 20.3±19.7 ＜0.001** -4.622
SRT (dB HL) 16.4±14.2 29.5±22.4 ＜0.001** -4.653
SDS (%) 95.0±10.4 82.9±22.8 ＜0.001** 4.384

Normal hearing ears
  (VM: 71 ear, MD: 66 ear)

ACT (dB HL) 9.7±4.7 12.0±5.6 0.011* -2.572
BCT (dB HL) 5.9±4.1 8.2±5.5 0.009** -2.649
SRT (dB HL) 12.6±5.6 16.5±7.3 0.001** -3.556
SDS (%) 97.1±3.3 94.7±9.4 0.043* 2.040

Ears with hearing loss
  (VM: 9 ear, MD: 34 ear)

ACT (dB HL) 47.3±18.7 50.6±16.7 0.642 -0.477
BCT (dB HL) 32.8±17.5 44.0±15.2 0.109 -1.738
SRT (dB HL) 46.6±23.8 55.5±19.0 0.322 -1.038
SDS (%) 78.6±25.3 60.0±24.1 0.071 1.976

Values are presented as mean±SD. *p＜0.05; **p＜0.01. ACT, air-conduction threshold; BCT, bone-conduction threshold; SRT, 
speech reception threshold; SDS, speech discrimination score; VM, vestibular migraine; MD, Meniere’s disease  

Table 3. Comparision of o-VEMP and c-VEMP parameters of the groups

Tests Parameter Vestibular migraine Meniere’s disease p t
o-VEMP P1 latency (ms) 15.1±1.8 15.0±1.0 ＞0.050 0.351

N1 latency (ms) 10.2±1.9 10.4±0.7 ＞0.050 -0.525
P1/N1 amplitude (mA) 4.7±0.8 4.6±0.9 ＞0.050 0.515
N1-P1 asymmetry ratio 0.26±0.20 0.27±0.15 ＞0.050 -0.107

c-VEMP P1 latency (ms) 17.1±2.7 17.3±2.3 ＞0.050 -0.275
N1 latency (ms) 26.2±3.6 25.7±4.2 ＞0.050 0.703
P1/N1 amplitude (mA) 9.0±2.4 8.7±2.0 ＞0.050 0.818
N1-P1 asymmetry ratio 0.19±0.12 0.23±0.21 0.019* -0.890

Values are presented as mean±SD. *p＜0.05. c-VEMP, cervical vestibular evoked myogenic potential; o-VEMP, ocular vestibular 
evoked myogenic potential 
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patients, but not for VM patients. This may be an underlying 
reason why higher hearing thresholds were detected in the 
MD group. Due to hearing loss criteria in the definition of 
MD, lower speech discrimination scores and higher hearing 
thresholds may also distinguish MD from VM. With this re-
sult, it is important to pay attention to whether patients have 
hearing loss when evaluating them for VM and MD in a clini-
cal setting.

In the previous studies, no significant was noted difference 
in latency and amplitude regarding the o/c-VEMP responses 
of VM and MD patients [12,13]. Another study identified sig-
nificantly abnormal VEMPs in the MD group without indi-
cating any o-VEMP or c-VEMP; however, the VEMP test re-
sults did not adequately distinguish between VM and MD 
[11]. In our study, higher asymmetry ratios of c-VEMP in MD 
group indicates the basic role of the saccule in the pathogen-
esis of MD. The histopathological analysis of MD can show 
that the saccule is more susceptible to endolymphatic hy-
drops than the utricle [14]. Different asymmetry ratios of c-

VEMPs may indicate that the endolymph volumes in the 
saccule are regulated independently of each other in MD.

Although studies suggest that high levels of caloric asym-
metry of MD patients may be a helpful diagnostic clue in dif-
ferentiating between MD and VM [15], another caloric test re-
sults showed MD patients had low vestibular function, but no 
significant difference was observed in the caloric test between 
the two groups [16]. In our study, we found that the canal pa-
resis of the MD group was significantly higher than that of 
the VM group in the caloric test. 

Although the rate of bilateral tinnitus was not different be-
tween the VM and MD groups, it has been reported that the 
incidence of bilateral aural fullness is higher in VM (33%) 
than in MD (19%) [11]. In a large VM population and cross-
sectional study by Çelebisoy et al. [17], 40.5% of the patients 
had tinnitus and 32.3% had ear fullness. In our study, no sig-
nificant difference was found between the two groups in terms 
of bilateral tinnitus and ear fullness, however in terms of uni-
lateral symptoms, significantly higher rates were found in the 
MD group. Hearing levels in MD patients decline to an aver-
age of 50–60 dB over a period of 5–10 years, while hearing 
loss in VM patients remains mild and declines much slower 
than in MD patients [18]. Therefore, we believe that unilateral 
tinnitus and ear fullness symptoms may be more common in 
MD than in VM, which is in line with the patients’ complaints.

There was a higher significant difference was detected in VM 
in terms of motion sensitivity compliance. Migraine is gener-
ally considered to be a disorder associated with higher sensi-
tivity to different sensory stimuli. Because of the stimulating ef-
fects on the vestibular nuclei, migraine-associated brainstem 
regions may influence vestibular symptoms. Also, it may be 
responsible for increased motion sickness in the interictal pe-
riod of VM and vestibular symptoms during a migraine attack. 
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Table 4. Comparision of o-VEMP and c-VEMP ratios obtained in 
the groups

Test parameters
Vestibular 
migraine

Meniere’s 
disease

p t

o-VEMP ＞0.05 0.128
Unilateral absence 3 (10.0) 6 (16.7)

Bilateral absence 4 (13.3) 4 (11.1)

Present 23 (76.7) 26 (72.2)

c-VEMP ＞0.05 0.165
Unilateral absence 2 (6.6) 4 (11.1)

Bilateral absence 2 (6.6) 2 (5.5)

Present 26 (86.8) 26 (83.4)

Values are presented as number (%). c-VEMP, cervical vestibu-
lar evoked myogenic potential; o-VEMP, ocular vestibular 
evoked myogenic potential

Table 5. Comparison of complaints and canal paresis results of 
the groups

Complaints
Vestibular 
migraine

Meniere’s 
disease

p

Tinnitus
Bilateral 10 (23.8) 10 (17.9) ＞0.05
Unilateral* 13 (31.0) 39 (69.6) ＜0.05
No tinnitus 19 (45.2) 7 (12.5) ＞0.05

Aural fullness
Bilateral 9 (21.4) 10 (17.9) ＞0.05
Unilateral* 9 (21.4) 29 (51.8) ＜0.05
No aural fullness 24 (57.1) 17 (30.4) ＞0.05

Motion sickness* 24 (57.1) 11 (19.6) ＜0.05
Canal paresis* 9 (28.1) 30 (60.0) ＜0.05
Values are presented as number (%). *p＜0.05 
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Studies reported significantly higher scores in VM patients by 
questioning their history of motion sickness [11,17]. In our 
study, we observed that the patients in the VM group had 37% 
more complaints of motion sickness compared to the MD 
group. The susceptibility to motion sickness in patients with 
MD and VM may be due to thalamus hypersensitivity.

In conclusion, with this study, which was carried out to re-
veal the common and distinctive aspects of VM and MD, sig-
nificant results were encountered between the groups in neu-
ro-otological evaluations. Although it has been reported in 
previous studies that hearing evaluation results differ between 
VM and MD patient groups, results that may help other stud-
ies were obtained in this study. When only ears with hearing 
loss are evaluated in the hearing evaluation; it was shown that 
there was no significant difference between VM and MD, 
however, regardless of hearing level or when only normal 
hearing patients were evaluated, the VM group had better 
hearing. In terms of this issue, it was underlined that the hear-
ing level of the patients should be taken into account in the 
evaluation of VM and MD patients. Higher rate of asymme-
try in c-VEMP, canal paresis in the caloric test, higher tinnitus 
and ear fullness complaints in the MD group, and complaints 
of motion sickness in the VM group were other supportive 
findings that should be considered. In the differential evalua-
tion to be made the qualities of the audiological evaluations 
that can reveal the difference between these diseases should 
always be taken in account.
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