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Abstract Ménière’s disease (MD) is characterized by

episodic vertigo, fluctuating hearing loss and tinnitus.

Vestibular migraine (VM) is a relatively new disorder that

is characterized by episodic vertigo or dizziness, coexisting

migraine and absence of hearing loss. It is occasionally

difficult to distinguish between VM and vestibular MD

with headache. Because endolymphatic hydrops (EH) is a

characteristic sign of MD, we attempted to evaluate

endolymphatic space size in both diseases. Endolymphatic

space size in the vestibule and the cochlea was evaluated in

seven patients with VM and in seven age- and sex-matched

patients with vestibular MD. For visualization of the

endolymphatic space, 3T magnetic resonance imaging was

taken 4 h after intravenous injection of gadolinium contrast

agents using three-dimensional fluid-attenuated inversion

recovery and HYbriD of reversed image of positive

endolymph signal and native image of positive perilymph

signal techniques. In the vestibule of VM patients, EH was

not observed, with the exception of two patients with

unilateral or bilateral EH. In contrast, in the vestibule of

patients with vestibular MD, all patients had significant

EH, bilaterally or unilaterally. These results indicate that

endolymphatic space size is significantly different between

patients with VM and vestibular MD.

Keywords Endolymphatic hydrops � MRI � Vestibular

migraine � Vestibular Ménière’s disease

Introduction

Vestibular migraine (VM) and Ménière’s disease (MD) are

frequent causes of episodic vertigo. Comorbidity is com-

mon between VM and MD, and their symptoms overlap

[1–9]. More specific diagnostic criteria are needed to dif-

ferentiate these diseases and to address their coexistence

[10]. Endolymphatic hydrops (EH) have been considered
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as a characteristic sign of MD. According to the criteria of

MD defined by the American Academy of Otolaryngol-

ogy–Head and Neck Surgery (AAOHNS) in 1995

(Table 1), certain patients with definite MD diagnosed

during their lives require histological confirmation of EH

after death [11]. VM is a relatively new disorder that is

characterized by episodic vertigo or dizziness, coexisting

migraine and shortage of hearing loss [1]. Recently, diag-

nostic criteria for VM have been proposed in which ves-

tibular complaints are associated with headache by three

out of the five criteria proposed by the International

Headache Society for the diagnosis of migraine with or

without aura. These criteria are quite loose and have been

opposed for leading to the inclusion of too many

migrainous patients with vertigo [12].

Fluctuating hearing loss, episodic vertigo and tinnitus

are characteristic symptoms of MD. However, it has been

assumed that there are many patients who have EH with

only hearing loss, only vertigo or only tinnitus. In 1972, the

American Academy of Ophthalmology and Otolaryngol-

ogy (AAOO) defined vestibular MD as the presence of

episodic vertigo without hearing loss, and cochlear MD as

the presence of fluctuating hearing loss without vertigo

(Table 2) [13]. However, in 1995, the AAOHNS excluded

the term vestibular MD or cochlear MD considering the

possibility of the absence of EH in these atypical types of

MD. According to the definition of the AAOHNS, vestib-

ular variants without cochlear symptoms and cochlear

variants without disequilibrium are classified as possible

MD (Table 1). The diagnostic criteria used to differentiate

between MD and VM are unfortunately not helpful because

of the loose connection of the complaint with headache

and/or aura [14]. Radtke et al. [15] followed a group of

people with possible VM for 9 years and showed that the

accuracy of the predictive values based on possible VM

was about 50 %. Clinicians are left with the task of diag-

nosing and treating these patients with overlapping symp-

toms. More specific diagnostic criteria are needed to

differentiate these diseases and address their coexistence.

The state of VM and that of vestibular MD are very

similar, and it is difficult to distinguish them. Recently,

visualization of EH was performed using 3T magnetic

resonance imaging (3T MRI) after the administration of

gadolinium contrast agents [16–20]. In the present study,

we attempted to compare the size of the endolymphatic

space in patients with VM with that in patients with ves-

tibular MD.

Methods

Patients

The subjects included in this investigation were seven

patients diagnosed with definite VM (mean age,

46 ± 17 years) according to the criteria described by

Radtke et al. [15] (Table 3), and seven age- and sex-mat-

ched patients with vestibular MD (mean age,

47 ± 16 years). All patients received endolymphatic space

size evaluation and pure tone audiometry and exhibited a

normal or age-matched hearing level. Patients with ves-

tibular MD were selected to match each VM patient under

the condition of the same sex and nearest age. In one

patient for whom a matching patient of the same sex with

age ± 5 years was not available, a patient who had a

3-year difference and the opposite sex was selected.

Evaluation of endolymphatic space size

For the evaluation of endolymphatic space size, 3T MRI

was used. The details of the method were described pre-

viously [16–20]. Briefly, 4 h after the intravenous injection

Table 1 Diagnosis of Ménière’s disease (AAOHNS 1995)

Diagnosis Criteria

Certain Ménière’s

disease

Definite Ménière’s disease, plus

histopathological confirmation

Definite Ménière’s

disease

Two or more spontaneous episodes of vertigo

lasting 20 min or longer; audiometrically

documented hearing loss on at least one

occasion; tinnitus or aural fullness in the

treated ear; other causes excluded

Probable

Ménière’s

disease

One definitive episode of vertigo;

audiometrically documented hearing loss on at

least one occasion; tinnitus or aural fullness in

the treated ear; other causes excluded

Possible Ménière’s

disease

Episodic vertigo of the Ménière type without

documented hearing loss; or sensorineural

hearing loss, fluctuating or fixed, with

disequilibrium but without definitive episodes

Table 2 Definition of subvarieties of Ménière’s disease (AAOO

1972)

Vestibular Ménière’s disease, or Ménière’s disease without

deafness

Characterized solely by definitive spells of vertigo. This is more

difficult to diagnose as there are no objective findings between

spells. The diagnosis may be accepted upon exclusion of other

diseases. Some patients subsequently develop deafness, and the

qualifying ‘‘vestibular’’ is dropped

Cochlear Ménière’s disease, or Ménière’s disease without vertigo

Characterized solely by a fluctuating and progressive

sensorineural deafness with all auditory test results typical of

Ménière’s disease. Many patients notice a fullness in the ear

coincident with the sudden drop in hearing. Some subsequently

develop definitive dizzy spells, and the qualifying ‘‘cochlear’’

is discarded

2080 J Neurol (2014) 261:2079–2084

123



of gadolinium contrast agents, 3T MRI was taken using

heavily T2-weighted three-dimensional fluid-attenuated

inversion recovery (3D-FLAIR) and HYbriD of reversed

image of positive endolymph signal and native image of

positive perilymph signal (HYDROPS) techniques. We

used intravenous injection of a standard dose (0.2 mL/kg

body weight, i.e., 0.1 mmol/kg body weight) of gadodi-

amide hydrate (Omniscan; GE Healthcare). All scans were

performed using a 3T MRI scanner (Magnetom Verio;

Siemens, Erlangen, Germany) equipped with a receive-

only, 32-channel, phased-array coil [21]. A radiologist who

did not know the clinical symptoms classified the degree of

EH in the vestibule and cochlea into three grades according

to the criteria described previously: none, mild and sig-

nificant (Table 4) [22].

Statistics

The data were analysed with SPSS 20.0 for Windows

(SPSS, Chicago, IL, USA). Differences between the groups

regarding the grade of EH were assessed using a Fisher’s

exact test. The level of significance was set at P \ 0.05.

Results

The endolymphatic space size could be evaluated in all 28

ears of the 14 patients included in the study. Figure 1

shows examples of enlarged and normal endolymphatic

spaces in the vestibule and cochlea. The results of the

evaluation of the endolymphatic space size in patients with

vestibular MD and VM are summarized in Tables 5 and 6,

respectively. In all patients with vestibular MD, EH in the

vestibule was observed bilaterally. In the cochlea, five

patients had EH on both sides (Table 5). In contrast,

patients with VM did not have EH in the vestibule, with the

exception of two patients (Table 6).

Among the 14 ears of the seven patients with vestibular

MD, the number of ears with no, mild and significant hydrops

in the vestibule was 0, 3 and 11, respectively. In contrast,

among the 14 ears of the seven patients with VM, the number

of ears with no, mild and significant hydrops in the vestibule

was 11, 1 and 2, respectively. When the three degrees of

endolymphatic space size were divided into two groups (no

hydrops vs. mild or significant hydrops, and no or mild

hydrops vs. significant hydrops), a Chi-squared test or

Fisher’s exact test revealed that the degree and frequency of

EH in the vestibule were greater in patients with vestibular

MD than they were in patients with VM (P \ 0.01).

Among the 14 ears of the seven patients with vestibular

MD, the number of ears with no, mild and significant

hydrops in the cochlea was 4, 6 and 4, respectively. Among

the 14 ears of the seven patients with VM, the number of

ears with no, mild and significant hydrops in the cochlea

was 5, 9 and 0, respectively. Although there was no sig-

nificant hydrops in the cochlea of patients with VM

patients, a Chi-squared test or Fisher’s exact test revealed

no statistical differences (P [ 0.05).

Discussion

In the present study, we explored the endolymphatic space

in patients with MD and VM using 3T MRI. Our results

indicate that patients with VM seldom have EH in the

vestibulum, whereas patients with MD frequently show EH

in the vestibulum. In MD, EH can occur in the cochlea,

vestibulum or in both structures, as the initial complaints

may also comprise hearing loss, vertigo or both [19]; in

contrast, VM may show EH in the cochlea. VM and MD

are occasionally difficult to discriminate clinically [1–9,

23–25]. It is more difficult to discriminate between ves-

tibular MD and VM because vestibular MD does not have

Table 3 The criteria of vestibular migraine (VM)

Diagnosis Criteria

Definite vestibular

migraine

C2 vertigo attacks

ICHDa migraine

At least one concomitant migrainous

symptomb during C2 vertigo attacks

No evidence of other causes of vertigo

Probable vestibular

migraine

C2 vertigo attacks

At least one of the following:

ICHD migraine

C1 migrainous symptomsb during C2 vertigo

attacks

No evidence of other causes of vertigo

a International classification of headache disorders
b Migrainous symptoms are i–iv. i. Migrainous headaches. ii. Pho-

tophobia. iii. Phonophobia. iv. Visual or other auras

Table 4 Grading of endolymphatic hydrops using MRI

Vestibule

(area ratioa)

Cochlea

None Up to 1/3 No displacement of Reissner’s

membrane

Mild

hydrops

More than

1/3, up to

1/2

Area of the cochlear duct is up to area

of the scala vestibuli

Significant

hydrops

More than 1/2 Area of the cochlear duct is larger than

area of the scala vestibuli

a Ratio of the area of the endolymphatic space to that of the fluid

space (sum of the endolymphatic and perilymphatic spaces) in the

vestibule measured on tracings of images
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hearing loss, and the determination of the affected and non-

affected sides is difficult. The present study revealed that

endolymphatic space size in the vestibule was significantly

different between patients with vestibular MD and VM,

and that MRI can be used to differentiate between these

two conditions. The results of our study suggest that the

pathophysiological process in vestibular MD occurs in the

inner ear, whereas it arises in the vestibular nerve and/or

the central nervous system in VM. The presence of EH in

the cochlea may depend on the spontaneous variability of

EH in the normal population. Many individuals with

asymptomatic hydrops have been reported [19]. EH is

frequently observed post-mortem in the temporal bone of

individuals without ear diseases, especially in the upper

turn of the cochlea [26]. MRI in normal controls also

revealed that EH in the cochlea may occur, whereas EH in

the vestibule is relatively rare (unpublished data). In this

respect, EH in the ear resembles asymptomatic glaucoma,

which occurs ten times more frequently than symptomatic

glaucoma in the general population [27, 28].

Analysis of temporal bone specimens has shown vari-

ability in the presence of EH [29]. Patients with MD who

did not have EH on histological examination have also

been reported, and Salt et al. [30] questioned whether the

presence of post-mortem EH is either essential or specific

to MD. Conversely, Nakashima et al. [17] and Fiorino et al.

[31] used MRI to demonstrate that EH was present in all

living patients with definite Ménière’s disease. Kato et al.

[32] reported endolymphatic space images in 36 patients

with cochlear MD and 28 patients with vestibular MD

using 3T MRI after intratympanic or intravenous injection

of gadolinium contrast agents. In both of these patient

groups, EH in the vestibule was more common than EH in

the cochlea, which supports our findings. The authors

Fig. 1 MR image of enlarged and normal endolymphatic spaces in

the vestibule and in the cochlea (right ears). HYDROPS images of

inner ears. The left picture shows significant endolymphatic hydrops

(black areas) both in the vestibule and in the cochlea (right ear of

patient no. 3 in Table 5). The long arrows indicate vestibular

endolymphatic hydrops, and the short arrows indicate cochlear

endolymphatic hydrops. The right picture shows a normal endolym-

phatic space both in the vestibule and in the cochlea (right ear of

patient no. 3 in Table 6)

Table 5 Size of the endolymphatic space in patients with vestibular

Ménière’s disease

No. Age Sex EH in vestibule EH in cochlea

R L R L

1 71 F 2 1 1 1

2 26 F 2 2 1 1

3 46 F 2 2 2 2

4 27 F 1 2 2 1

5 57 M 2 2 0 0

6 60 M 2 2 0 0

7 42 F 2 1 2 1

EH endolymphatic hydrops, 0 no, 1 mild, 2 significant

Table 6 Size of the endolymphatic space in patients with vestibular

migraine

No. Age Sex EH in vestibule EH in cochlea

R L R L

1 72 F 0 0 1 1

2 23 M 0 1 1 1

3 46 F 0 0 0 1

4 25 F 2 2 1 1

5 53 M 0 0 1 0

6 61 M 0 0 0 0

7 43 F 0 0 1 0

EH endolymphatic hydrops, 0 no, 1 mild, 2 significant
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concluded that patients with possible MD often have EH,

but the distribution of EH is different between vestibular

MD and cochlear MD, as reported previously [19].

Although functional tests, such as the caloric test, vestib-

ular-evoked myogenic potential (VEMP) and the vestibule–

ocular reflex, have been used to differentiate between VM

and MD, none of these vestibular tests was able to distinguish

these disorders [33–37]. Brantberg et al. [12] found a poor

temporal association with vertigo and headache and, there-

fore, concluded that vertigo can occur without headache in

VM and that the diagnostic criteria should be based on

pathophysiology and not symptoms. In the present study,

MRI discriminated MD from VM, although there may also be

comorbidity. This association is complicated because

migraine may damage the inner ear, thus causing EH [38].

Moreover, in the present study, the complaints reported

by patients with VM and MD overlapped (Fig. 2). During

the development of MD, the complaints vary, and the

establishment of a diagnosis according to the criteria of the

AAOHNS is difficult [11]. Because cochlear MD has no

vertigo, cochlear MD does not overlap with VM. However,

the discrimination between VM and vestibular MD is

especially difficult because of the similarity of clinical

symptoms, in particular because headache frequently

accompanies MD [39, 40]. Under this obscure situation,

our results revealed that endolymphatic space size in the

vestibule of patients with VM was different from that in

patients with vestibular MD. MRI can help to elucidate the

pathophysiology of VM and MD.

Conclusions

The aim of the present work was to provide an insight into

the assessment of diagnostic aspects between VM and MD

for medical practitioners. MD is a condition that is difficult

to define clinically, and the existing AAOHNS classifica-

tion is unhelpful. VM is an entity that expresses association

of headache with vertigo and balance problems. In gado-

linium-contrasted MRI, patients with MD showed EH in

the vestibulum more frequently than in the cochlea,

whereas EH was rare in patients with VM. Inner ear

imaging using gadolinium-contrasted MRI was helpful in

differentiating these two clinical conditions.
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