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Objectives: To review the clinical records of patients that exhibited the clinical features

of both vestibular migraine (VM) and Ménière’s disease (MD) during each episodic vertigo

attack and to discuss the possible pathophysiology of such combination of symptoms.

Subjects: Ten patients that were selected according to criteria based on a combination

of the diagnostic criteria for definite MD and VM (9 females and one male, age: 22–

54 years) were enrolled. They were required to show features of both diseases in each

vertigo attack.

Methods: The patients’ medical histories and pure-tone audiometry, cervical vestibular

evoked myogenic potential (cVEMP), video head-impulse test (vHIT), and caloric test

results were examined. cVEMP was recorded using 500 and 1,000Hz short tone bursts

(125dBSPL, air-conducted), 500 Hz-1,000Hz cVEMP slope, an index of endolymphatic

hydrops in the saccule was calculated using normalized amplitudes of p13-n23. For

performing vHIT, each subject was seated 1.5m in front of a target and asked to keep

watching it as their head was passively rotated by the examiner. Their eye movements

were evaluated using video-oculography while their head movements were recorded

using inertial sensors.

Results: The patients were predominantly female. On average, the onset of migrainous

headaches occurred 9 years earlier than the onset of vertigo attacks. All of the patients

but one had migraines with auras. Five of the 10 patients had a family history of vertigo

attacks accompanied by both migrainous and auditory symptoms. The patients mainly

displayed hearing loss at low frequencies. Nine patients exhibited 500–1,000Hz cVEMP

slope < −19.9, which was suggestive of endolymphatic hydrops. None of the patients

who underwent vHIT showed abnormal canal function. One patient showed unilaterally

decreased caloric responses.

Conclusions: These patients presented with simultaneous MD and VM

signs/symptoms might be referred to “VM/MD overlapping syndrome (VM/MD-OS)” as

a new clinical syndrome.
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INTRODUCTION

Recently, diagnostic criteria for vestibular migraine (VM)
and Ménière’s disease (MD) have been published by the
Barany Society (1, 2). To be diagnosed with having VM,
vertigo attacks associated with migrainous symptoms
such as headache, photophobia, and so on are required,
while to be diagnosed with having MD, vertigo attacks
associated with auditory symptoms including hearing loss are
required. Both conditions are common, and their diagnosis
is relatively straightforward in typical cases. However,
clinicians sometimes encounter patients whose episodes
of vertigo include features of both diseases (3, 4). Such
conditions cannot be categorized into either of these two
entities.

It has been well-known that some patients could have
both diseases. Radtke et al. reported that lifetime prevalence
of migraine was higher in the MD group (56%) than
controls (25%, p < 0.001) (5). They stated that migraine
and MD might have a pathophysiologic link. In the study
of bilateral MD, Frejo et al. reported that 12% of the 398
patients with bilateral MD was associated with migraine. At
this situation, patients who showed definite symptoms of
both diseases in each episodic vertigo attack are of special
interest.

Herein, we present a series of patients fulfilling the diagnostic
criteria of both VM andMD, who presented with clinical features
of both VM and MD during each episodic vertigo attack, and
discuss the hypothesis of both disease manifestations to result
from a common pathophysiology in the sense of being a true
overlap syndrome (VM/MD overlapping syndrome, VM/MD-
OS) rather than merely coincidence or co-morbidity.

SUBJECTS AND METHODS

Subjects
Patients that fulfilled the following criteria were enrolled into
this study. Subjects were selected from the patients registered in
our vertigo clinics in 2014–2017. The criteria were developed by
combining the criteria for definite MD (2) and definite VM (1).

1. Having experienced at least 5 episodes of moderate to severe
vestibular symptoms lasting 20 min−12 h.

2. Currently suffering from or having a history of migraines with
or without auras, according to the International Classification
of Headache Disorders, 3rd edition beta version (ICHD3β)
(6).

3. Experiencing both of one or more characteristics of migraines
and one or more fluctuating aural symptoms (hearing,
tinnitus, or fullness) in the affected ear in a single vestibular
episode during at least 50% of vestibular episodes.

4. Exhibiting audiometrically documented low to medium-
frequency sensorineural hearing loss in one ear, on at least one
occasion before, during, or after an episode of vertigo.

5. The patient’s findings are not better accounted for by
vestibular diagnoses other than VM, MD, or overlapping of
VM and MD.

Methods
The clinical records of the selected patients were reviewed.
Information regarding the patients’ age and sex, the affected
side, age at the onset of migrainous headaches, age at the
onset of vestibular symptoms, and family history of overlapping
of vertigo, auditory symptoms and migrainous symptoms
were reviewed. The results of pure-tone audiometry, cervical
vestibular evoked myogenic potential (cVEMP) testing, video
head impulse (vHIT) testing, and caloric testing were also
reviewed.

cVEMP
The Neuropack system (Nihon Kohden, Japan) was used to
record the cVEMP. Active electrodes were placed on the upper
half of each sternocleidomastoid muscle (SCM), while reference
electrodes were placed on the lateral end of the upper sternum. A
ground electrode was placed on the nasion. During the recording,
the subjects were asked to lie in the supine position and raise their
heads to contract the SCM. Five hundred Hz and 1,000Hz air-
conducted short-tone bursts (STB) (rise/fall time= 1ms, plateau
time= 2ms, 125 dB SPL) were used to induce cVEMP. The other
recording methods were the same as in previous studies (7–11).
Using the normalized amplitude of p13-n23, the asymmetry ratio
(AR) (500Hz STB) and the 500-1,000Hz cVEMP slope (cVEMP
slope) were calculated as follows:

AR=100× (CAu-CAa)/(CAu+CAa)
cVEMP slope=100× (CA500-CA1000)/(CA500+CA1000)
CAu(a): normalized amplitude (p13-n23) of the unaffected

(affected) side
CA500(1000): normalized amplitude (p13-n23) in response to

500Hz (1,000Hz) STB
According to results in previous studies (7, 11), the limits of
the normal range were set at 41.6 for the AR and−19.9 for
the cVEMP slope. The AR is an index used to detect unilateral
saccular dysfunction, while the cVEMP slope is used to diagnose
saccular endolymphatic hydrops (EH) (7, 11). In other words, an
AR of>41.6 is indicative of unilateral saccular dysfunction, while
a cVEMP slope of <-19.9 is indicative of saccular EH.

vHIT
Eye-See-Cam system (Interacoustics, Denmark) was used for
vHIT. The patients were subjected to passive high-acceleration,
low-amplitude head rotations in the planes of the lateral, right
anterior-left posterior (RALP), and left anterior-right posterior
(LARP) semicircular canals (12). Each subject was seated 1.5m
in front of a target and asked to keep watching it as their head
was passively rotated by the examiner. Their eyemovements were
evaluated using video-oculography while their head movements
were recorded using inertial sensors. At least 8 valid head
impulses were recorded in each plane of each semicircular canal.
The VOR gains during the vHIT (eye velocity/head velocity) were
automatically measured using software that computed the slope
of the regression between head and eye velocity (13). When a
mean gain in vHIT of <0.7 for the vertical canals or <0.8 for
the lateral canals was detected and catch-up (corrective) saccades
were observed, the relevant canal was regarded to be functioning
abnormally (14).
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TABLE 1 | Summary of the patients’ medical histories.

No. Age Side Aura Family

history

Onset age

of headaches

Onset age

of vertigo

Order of

symptoms

1 50–54 L Yes Yes 48 54 Fullness->vertigo->headache

2 30–34 R Yes No 16 30 Headache->tinnitus->vertigo

3 45–49 L Yes Yes 25 49 Fullness->headache->vertigo

4 50–54 R Yes No 51 54 Fullness->vertigo->headache

5 30–34 L Yes Yes 23 31 Headache->tinnitus->vertigo

6 45–49 L Yes No* 43 48 Fullness->headache->vertigo

7 50–54 R Yes Yes 49 50 Headache->tinnitus->vertigo

8 20–24 L No Yes 10 20 Tinnitus->vertigo->headache

9 30–34 L Yes No* 14 33 Tinnitus->vertigo->headache

10 45–50 L Yes No 43 43 Tinnitus->headache->vertigo

Mean 42.0 32.2 41.2

*The patient did not have a family history of overlapping VM and MD, but did have a family history of migraines.

Caloric Test
Caloric test was performed by irrigation of cold water (20◦C)
to the external ear canal (11, 15). Canal paresis (CP)% was
calculated using maximum slow phase eye velocity measured
by electronystagmography. CP%>20 was regarded as significant
unilateral weakness of responses.

Consent concerning the use of clinical records was obtained
from each patient in advance. This study was approved by the
ethics committee of Teikyo University (TR-14-087-2).

RESULTS

A total of 10 patients who fulfilled the criteria were enrolled into
this study (Tables 1–3).

Age and Gender
The 10 patients included one male and 9 females. Their ages
ranged from 22 to 54 years (mean: 42.0 years).

Affected Side
The right ear was affected in 3 patients, while the left ear was
affected in 7 patients.

Aura
Nine of the 10 patients experienced visual auras.

Family History
Five of the 10 patients had a family history of a similar
combination of symptoms; i.e., vertigo associated with both of
auditory and migrainous symptoms. Two patients had a family
history of migraines, but no family history of associated vertigo.
Three patients did not have a family history of migraines or
vertigo associated with auditory symptoms.

Onset of Headaches and Vertigo
The patients’ migrainous headaches began at the age of 10–51
years (mean: 32.2), while their vertigo attacks began at 20–54
years (mean: 41.2). Thus, on average the migrainous headaches
began 9.0 years earlier than the vertigo attacks.

TABLE 2 | Patients’ hearing levels at the time of the worst 4-tone average.

No. 250Hz (dB) 1,000Hz (dB) 4,000Hz (dB)

1 70 65 55

2 40 25 25

3 55 55 35

4 35 15 15

5 30 10 10

6 55 45 10

7 40 40 55

8 35 15 10

9 45 35 20

10 60 40 20

Mean 46.5 34.5 25.5

Order of Symptoms During Attacks
Four patients suffered auditory symptoms first, followed by
vertigo and thenmigrainous headaches. Three patients developed
migrainous headaches first, followed by auditory symptoms and
then vertigo. The remaining three patients experienced auditory
symptoms first, followed by migrainous headaches and then
vertigo.

Hearing Loss
For each patient, hearing loss was assessed based on the hearing
levels recorded at the time at which they exhibited their worst
4-tone average (AAO-HNS 1995) (16). Marked hearing loss was
seen at low frequencies, whereas only mild hearing loss was
detected at high frequencies. The subjects’ mean hearing levels
at 250, 1,000, and 4,000Hz were 46.5, 34.5, and 25.5 dB HL,
respectively (Table 2).

cVEMP
No cVEMP were induced in response to air-conducted 500Hz
STB on the affected side in two patients. Responses to 500Hz
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STB were bilaterally absent in three patients, and five patients had
normal AR.

Concerning the patients’ cVEMP tuning properties, nine
patients were EH-positive on the affected side (cVEMP slope:
<−19.9) (Figure 1), while one (patient #4) did not show any
response to either 500Hz or 1,000Hz STB.

vHIT
Six patients underwent vHIT of all semicircular canals, and
two patients only underwent vHIT of the lateral semicircular
canals. One patient (#8) exhibited decreased gains in the anterior
semicircular canal on the affected side (0.65) and the posterior
semicircular canal on the contralateral side (0.56). One patient

TABLE 3 | Vestibular function tests.

No. cVEMP AR 500-1,000Hz

cVEMPslope

vHIT CP% in

caloric test

1 100% −100% LAP WNL Left 2%

2 BAR −100% L WNL Left 13%

3 17.6% −45.8% L WNL X

4 BAR NI X Right 44%

5 19.1% −27.8% X Left 5%

6 100% −100% LAP WNL 0%

7 29.4% −21.5% LAP WNL X

8 BAR −100% LAP WNL Right 6%

9 −26.3% −31.5% LAP WNL X

10 25.3% −29.20% LAP WNL X

Bolds indicate abnormal findings.

LAP WNL, normal in all canals.

L WNL, normal in the lateral canals.

BAR, bilateral absence of responses.

NI, no information (absence of responses to both 500Hz and 1000Hz STB.)

CP%, canal paresis %.

X, not done.

(#7) displayed a decreased gain in the posterior semicircular
canal on the contralateral side (0.66). However, neither of them
demonstrated catch-up saccades. Therefore, their vHIT results
were not regarded as definitely abnormal. None of the other
patients exhibited decreased gains during the vHIT (Figure 2).

Caloric Test
Six patients underwent caloric tests. Only one patient (#4)
showed significant decrease of responses on the affected side
(CP%= 44%).

DISCUSSION

In this study, we reported patients who were repeatedly presented
with features of both MD and VM during each single vestibular
episode in their recurrent vestibular episodes. Because half of
the 10 patients reported they had family history of similar
combination of symptoms, association of genetic factors was
suggested. Because they had hearing loss at low frequencies
and shifts of tuning property in cVEMP testing (9), they were
considered to have EH. Such conditions might be best described
as “VM/MD overlapping syndrome (VM/MD-OS).”

Lopez-Escamez et al. performed a large study examining
the symptoms of patients with MD, VM, or probable VM.
While most patients with MD had auditory symptoms and most
patients with VM or probable VM hadmigraine symptoms, some
patients exhibited overlapping symptoms of both conditions
(3). However, their study excluded patients who fulfilled the
diagnostic criteria for both VM and MD. On the contrary, our
case series focused on patients who fulfilled the diagnostic criteria
for both VM andMD at the time they experienced vertigo attacks.

Gurkov et al. reported the MRI findings of patients with VM
and auditory symptoms (4). In their study, five patients fulfilled
the diagnostic criteria for both definite VM and definite MD.
Two of the five patients exhibited EH on MRI. Four of the five

FIGURE 1 | An example of the cVEMP findings obtained in this study (patient # 3, a 45–49-year-old female, left side affected). While this patient exhibited a normal

AR, her cVEMP slope was suggestive of EH.
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FIGURE 2 | An example of the vHIT findings obtained in this study (patient # 9, a 30–34-year-old female, left side affected). She exhibited normal vestibulo-ocular

reflexes in all canals. Thick lines: eye velocity, thin lines: head velocity.

patients underwent electrocochleography, and all four of them
had findings that were suggestive of EH.

Half of our patients had family history of simultaneous
presentation of migrainous symptoms and fluctuating auditory
symptoms including hearing loss during vestibular episodes.
These patients might be regarded as having familial MD.
Concerning familial MD, some reports have been published
from European countries and Korea (17–22). Martin-Sierra et al.
(21) reported that they identified 2 novel and rare heterozygous
variants in the SEMA3D and DPT genes. However, none of
patients in these families had migraine. Martin-Sierra et al. (22)

also reported that they identified a novel missense variant in the
PRKCB gene. Although one of the two patients had migraine,
relationship between migraine and vertigo was not mentioned.

Frejo et al. reported that 12% of the 398 patients with bilateral
MD showed association with migraine (17). Furthermore, Frejo
et al. classified unilateral MD patients with cluster analysis (18).
In their classification, 13% of the 988 MD patients were regarded
as familial MD. Although half of our patients might be also
classified as familial MD, our data were not conclusive. Even
though our patients had aspects of familial MD, they were
very rare cases because they had features of both MD and VM
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during each single vestibular episode in their recurrent vestibular
episodes.

In the present study, patients who experienced episodic
vertigo attacks and simultaneously showed signs/symptoms of
both VM andMD in each attack exhibited the following features:
(1) The patients were predominantly female; (2) The onset of
migrainous headaches occurred earlier than the onset of vertigo
attacks; (3) All of the patients but one had migraines with
auras; (4) Many patients had a family history of vertigo attacks
accompanied by both migrainous and auditory symptoms; (5)
The patients exhibited hearing loss at low frequencies; (6)
The cVEMP tuning property test suggested that most patients
had EH.

Among these features, 1–4 suggested that the patients had VM
spectrum disorders, while 5 and 6 suggested that they had MD
spectrum disorders. It could be stated that these patients had VM
accompanied by EH in the inner ear. However, it would be very
hard to diagnose them as having either VM or MD. It would not
describe their conditions accurately even if we regarded them as
simply having both of VM andMD. Thus, their conditions might
be best described as VM/MD-OS.

Regarding the pathophysiology of VM/MD-OS, neurogenic
inflammation caused by migraine episodes might affect inner
ear function because the trigeminal nerve innervates the blood
vessels in the inner ear, and transient receptor potential
cation channel subfamily V member 1 (TRPV-1), a nociceptor,
was detected in the human endolymphatic sac (23, 24).
Repetitive neurogenic inflammation in the inner ear might
lead to secondary EH. This hypothesis could explain why the
onset of vertigo episodes occurred later than the onset of
migraine headaches in our patients. However, if this is the
main pathophysiological mechanism underlying VM/MD-OS,
then VM/MD-OS would be encountered more frequently, and
vertigo attacks would occur more independently of migrainous
headaches.

As an alternative hypothesis, it might be possible that genetic
ion channel disorders could play a role in VM/MD-OS. It was
one of interesting features of patients in this study that most
patients (9/10) had migraine with aura. This prevalence is much
higher than prevalence in patients with migraine in general
(25) and in patients with vestibular migraine in general (3).
The epidemiological study by Russel et al. (26) showed stronger
association of genetic factors with migraine with aura than
migraine without aura. Their finding suggested that VM/MD-
OS might also have a strong genetic factor. The high frequencies
of migraines with auras and a family history of vertigo attacks
accompanied by both migrainous and auditory symptoms in
the present study support this hypothesis. It has been reported
that familial hemiplegic migraine type-1 is caused by a point
mutation in the CACNL1A4 gene, which encodes the α1-subunit
of voltage-sensitive P/Q-type calcium channels (27). A mutation
affecting the same gene causes episodic ataxia type 2 (EA-2), in
which patients often complain of migraines. Episodic ataxia type
3 (EA-3), a very rare type of EA, is characterized by migraines,
vertigo, and tinnitus, although the gene associated with EA-3 has
not been identified (28). Thus, VM/MD-OS might be a kind of

channelopathy, like EA, which involves the inner ear as well as
the brain.

As for other types of channel disorders that might cause
VM/MD-OS, conditions that affect aquaporins, which function
as water channels, should be considered (29). Among the various
isoforms of aquaporin, disorders affecting aquaporin 4 (AQP4)
might be associated with both migraines and inner ear diseases.
Mhatre et al. detected anti-AQP4-immunoreactivity in the
supporting cells in the cochlea, otolith organ, and semicircular
canals in mice and rats (30). They also demonstrated that
AQP4-knockout mice had impaired hearing. The dysregulation,
including the hyperfunctioning, of AQP4 might result in
dysregulated fluid homeostasis in the inner ear. Using a
mouse model, Enger et al. showed that in cortical spreading
depression (CSD), which is an essential process in migraines,
extracellular glutamate accumulation increases due to AQP4-
dependent glutamate release from astrocytes (31). The latter
study suggested that AQP4 hyperfunction might result in CSD.
AQP4 dysfunction might be associated with migrainous episodes
as well as vertigo accompanied by hearing loss and other auditory
symptoms.

It has been suggested that AQP2 might be another MD-
associated isoform of aquaporin (27). Takeda et al. proposed
that MD might be caused by dysregulation of the vasopressin-
aquaporin system in the inner ear (32). However, AQP2
expression has not been detected in the brain, and no association
between AQP2 and migraines has been reported.

As limitation of this study, we have to raise some points. First
of all, the size of the study was not large. And the information
concerning family history was not enough to describe pedigrees.
We need further larger-sized precise study. Secondly, while we
performed cVEMP tuning property test as a test for EH detection,
we did not do other types of ED detection test such as glycerol
test, electrocochleography and MRI (4, 9), although results of
cVEMP tuning property test were consistent very well with
glycerol cVEMP test results (9). We should consider these tests
for confirmation of EH in patients with VM/MD-OS in the next
step.

In conclusion, patients that simultaneously present with
migrainous symptoms and vertigo attacks accompanied by
hearing loss and other auditory symptoms seem to have
VM accompanied by inner ear disorders including EH. Such
conditions might be best described as VM/MD-OS, a new clinical
syndrome.

AUTHOR CONTRIBUTIONS

All authors contributed extensively to the work presented in this
paper. All authors collected data. TM wrote the manuscript. MT,
KK, and EY reviewed and edited the manuscript.

FUNDING

This study was partly supported by a Grant-in-Aid for Scientific
Research (C) from the Japan Society for the Promotion of Science
(15K10764).

Frontiers in Neurology | www.frontiersin.org 6 September 2018 | Volume 9 | Article 749

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Murofushi et al. Overlapping of Vestibular Migraine and Ménière’s Disease

REFERENCES

1. Lempert T, Olesen J, Furman J, Waterston J, Seemungal B, Carely J, et

al. Vestibular migraine: diagnostic criteria. J Vestib Res. (2012) 22:167–72.

doi: 10.3233/VES-2012-0453

2. Lopez-Escamez JA, Carey J, Chung WH, Goebel JA, Magnusson M, Mandala

M, et al. Diagnostic criteria for Meniere’s disease. J Vestib Res. (2015) 25:1–7.

doi: 10.3233/VES-150549

3. Lopez-Escamez JA, Dlugaiczyk J, Jacobs J, Lempert T, Teggi R, von

Brevern M, et al. Accompanying symptoms overlap during attacks in

Meniere’s disease and vestibular migraine. Fron Neurol. (2014) 5:265.

doi: 10.3389/fneur.2014.00265

4. Gurkov R, Kantner C, Strupp M, Flatz W, Krause E, Ertl-Wagner

B. Endolymphatic hydrops in patients with vestibular migraine and

auditory symptoms. Eur Arch Otorhinolaryngol. (2014) 271:2661–7.

doi: 10.1007/s00405-013-2751-2

5. Radtke A, Lempert T, Gresty MA, Brookes G, Bronstein AM, Neuhauser H.

Migraine and Meniere’s disease: is there a link? Neurology (2002) 59:1700–4.

6. Headache Classification Committee of the International Headache Society

(HIS). The international classification of headache disorders, 3rd edition (beta

version). Cephaalgia (2013) 33:629–808. doi: 10.1177/0333102413485658

7. Murofushi T, Tsubota M, Suizu R, Yoshimura E. Is alteration of tuning

property in cVEMP specific for Meniere’s disease? Front Neurol. (2017) 8:193.

doi: 10.3389/fneur.2017.00193

8. Murofushi T, Ozeki H, Inoue A, Sakata A. Does migraine-associated

vertigo share a common pathophysiology with Meniere’s disease? Study

with vestibular evoked myogenic potential. Cephalalgia (2009) 29:1259–66.

doi: 10.1111/j.1468-2982.2009.01860.x

9. Murofushi T, Komiyama S, Suizu R. Detection of saccular endolymphatic

hydrops in Ménière’s disease using a modified glycerol cVEMP test in

combination with the tuning property test. Otol Neurotol. (2016) 37:1131–6.

doi: 10.1097/MAO.0000000000001149

10. Murofushi T, Tsubota M, Suizu R, Yoshimura E. cVEMP tuning property

of patients with recurrent peripheral vestibulopathy: is it Meniere’s

disease without hearing loss? Clin Neurophysiol. (2017) 128:2491–2.

doi: 10.1016/j.clinph.2017.10.006

11. Murofushi T, Nakahara H, Yoshimura E, Tsuda Y. Association of air-

conducted sound oVEMP findings with cVEMP and caloric test findings

in patients with unilateral peripheral vestibular disorders. Acta Otolaryngol.

(2011) 131:945–50. doi: 10.3109/00016489.2011.580003

12. Guinand N, van de Berg R, Cavuscens S, Ranieri M, Schneider E, Lucieer F, et

al. The video head impulse test to assess the efficacy of vestibular implants in

humans. Front Neurol. (2017) 8:600. doi: 10.3389/fneur.2017.00600

13. Yacovino DA, Martin LA, Perez Akly M, Hain TC. Characteristics of

vestibular corrective saccades in patients with slow visual saccades, vestibular

disorders and controls: a descriptive analysis. PLOS ONE (2018) 13:e0197079.

doi: 10.1371/journal.pone.0197079

14. McGarvie LA, MacDougall HG, Halmagyi GM, Burgess AM, Weber KP,

Curthoys IS. The video head impulse test (vHIT) of semicircular canal

function - Age-dependent normative values of VOR gain in healthy subjects.

Front Neurol. (2015) 6:154. doi: 10.3389/fneur.2015.00154

15. Murofushi T, Takegoshi H, Ohki M, Ozeki H. Galvanic-evoked myogenic

responses in patients with an absence of click-evoked vestibulo-collic reflexes.

Clin Neurophysiol. (2002) 113:305–9. doi: 10.1016/S1388-2457(01)00738-6

16. AAO-HNS guidelines for the evaluation of therapy in Meniere’s disease.

Otolaryngol Head Neck Surg. (1995) 113:181–5.

17. Frejo L, Soto-Varela A, Santos-Perez S, Aran I, Batuecas-Caletrio A, Perez-

Guillen V, et al. Clinical subgroups in bilateral Meniere’s disease. Front Neurol.

(2016) 7:182. doi: 10.3389/fneur.2016.00182

18. Frejo L, Martin-Sanz E, Teggi R, Trinidad G, Soto-Varela A, Santos-Perez

S, et al. Extended phenotype and clinical subgroups in unilateral Meniere

disease: a cross-sectional study with cluster analysis. Clin Otolaryngol. (2017)

42:1172–80. doi: 10.1111/coa.12844

19. Lee JM, Kim MJ, Jung J, Kim HJ, Seo YJ, Kim SH. Genetic aspects and clinical

characteristics of familial Meniere’s disease in a South Korean population.

Laryngoscope (2015) 125:2175–80. doi: 10.1002/lary.25207

20. Morrison AW, Bailey MES, Morrison GAJ. Familial Ménière’s disease:

clinical and genetic aspects. J Laryngol Otol. (2009) 123:29–37.

doi: 10.1017/S0022215108002788

21. Martín-Sierra C, Gallego-Martinez A, Requena T, Frejo L, Batuecas-Caletrio

A, Lopez-Escamez JA. Variable expressivity and genetic heterogeneity

involving DPT and SEMA3D genes in autosomal dominant familial

Meniere’s disease. Eur J Hum Genet. (2017) 25:200–7. doi: 10.1038/ejhg.

2016.154

22. Martín-Sierra C, Requena T, Frejo L, Price SD, Gallego-Martinez A, Batuecas-

Caletrio A, et al. A novel missense variant in PRKCB segregates low-frequency

hearing loss in an autosomal dominant family with Meniere’s disease. Hum

Mol Genet. (2016) 25:3407–15. doi: 10.1093/hmg/ddw183

23. Vass Z, Shore SE, Nuttall AL, Miller JM. Direct evidence of trigeminal

innervation 2:1172-80.of the cochlear blood vessels. Neuroscience (1998)

84:559–67.

24. Taguchi D, Takeda T, Kakigi A, Takumida M, Nishioka R, Kitano H.

Expressions of aquaporin-2 vasopressin type 2 receptor, transient

receptor potential channel vanilloid (TRPV)1, and TRPV4 in

the human endolymphatic sac. Laryngoscope (2007) 117:695–8.

doi: 10.1097/mlg.0b013e318031c802

25. Rasmussen BK, Olesen J. Migraine with aura and migraine without

aura: an epidemiological study. Cephalalgia (1992) 12:221–8.

doi: 10.1046/j.1468-2982.1992.1204221.x

26. Russel MB, Olesen J. Increased familial risk and evidence of genetic factor in

migraine. BMJ (1995) 311:541–4. doi: 10.1136/bmj.311.7004.541

27. Ophoff RA, Tarwindt GM, Vergouwe MN, Frants RR, Ferrari MD.

Familial hemiplegic migraine and episodic ataxia type-2 are caused by

mutations in the Ca2+ channel gene CACNL1A4. Cell (1996) 87:543–52.

doi: 10.1016/S0092-8674(00)81373-2

28. Jen JC, Baloh RW. Familial episodic ataxia. A model for migrainous vertigo.

Ann NY Acad Sci. (2009) 1164:252–6. doi: 10.1111/j.1749-6632.2008.03723.x

29. Ishiyama G, Lopez IA, Ishiyama A. Aquaporins and Meniere’s

disease. Curr Opin Otolaryngol Head Neck Surg. (2006) 14:332–6.

doi: 10.1097/01.moo.0000244191.51560.22

30. Mhatre AN, Stern RE, Li J, Lalwani AK. Aquaporin 4 expression in the

mammalian inner ear and its role in hearing. Biochem Biphys Res Commun.

(2002) 207:987–96. doi: 10.1016/S0006-291X(02)02296-9

31. Enger R, Dukefoss DB, Tang W, Pettersen KH, Biornstad DM, Helm PJ,

et al. Deletion of aquaporin-4 curtails extracellular glutamate elevation in

cortical spreading depression in awake mice. Cereb Cortex (2017) 27:24–33.

doi: 10.1093/cercor/bhw359

32. Takeda T, Sawada S, Takeda S, Kitano H, Suzuki M, Kakigi A. The effects

of V2 antagonist (OPC-31260) on endolymphatic hydrops. Hear Res. (2003)

182:9–18. doi: 10.1016/S0378-5955(03)00135-7

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Murofushi, Tsubota, Kitao and Yoshimura. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 7 September 2018 | Volume 9 | Article 749

https://doi.org/10.3233/VES-2012-0453
https://doi.org/10.3233/VES-150549
https://doi.org/10.3389/fneur.2014.00265
https://doi.org/10.1007/s00405-013-2751-2
https://doi.org/10.1177/0333102413485658
https://doi.org/10.3389/fneur.2017.00193
https://doi.org/10.1111/j.1468-2982.2009.01860.x
https://doi.org/10.1097/MAO.0000000000001149
https://doi.org/10.1016/j.clinph.2017.10.006
https://doi.org/10.3109/00016489.2011.580003
https://doi.org/10.3389/fneur.2017.00600
https://doi.org/10.1371/journal.pone.0197079
https://doi.org/10.3389/fneur.2015.00154
https://doi.org/10.1016/S1388-2457(01)00738-6
https://doi.org/10.3389/fneur.2016.00182
https://doi.org/10.1111/coa.12844
https://doi.org/10.1002/lary.25207
https://doi.org/10.1017/S0022215108002788
https://doi.org/10.1038/ejhg.2016.154
https://doi.org/10.1093/hmg/ddw183
https://doi.org/10.1097/mlg.0b013e318031c802
https://doi.org/10.1046/j.1468-2982.1992.1204221.x
https://doi.org/10.1136/bmj.311.7004.541
https://doi.org/10.1016/S0092-8674(00)81373-2
https://doi.org/10.1111/j.1749-6632.2008.03723.x
https://doi.org/10.1097/01.moo.0000244191.51560.22
https://doi.org/10.1016/S0006-291X(02)02296-9
https://doi.org/10.1093/cercor/bhw359
https://doi.org/10.1016/S0378-5955(03)00135-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Simultaneous Presentation of Definite Vestibular Migraine and Definite Ménière's Disease: Overlapping Syndrome of Two Diseases
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