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Abstract

Background Abnormal vestibular function has been reported in patients with vestibular migraine (VM). However, it is
unclear whether the proportion of patients with vestibular dysfunction differs between the diagnoses of VM and probable
VM (PVM).

Methods We reviewed the medical records of 1736 patients who underwent cervical vestibular-evoked myogenic potential
testing to air-conducted sound (ACS cVEMP), ocular VEMP testing to bone-conducted vibration (BCV oVEMP), and caloric
testing. We used the diagnostic criteria for VM provided in the appendix of the International Classification of Headache Dis-
orders 3 Beta, and the diagnostic criteria consensus published by the Barany Society and the International Headache Society
for PVM. Twenty-two VM patients and a further 22 PVM patients were included. Binomial logistic regression analyses were
performed to see whether the subjects’ age, sex, or the diagnostic certainty of VM (i.e., VM vs. PVM) have an association
with the presence of vestibular dysfunction.

Results There was no significant association between the diagnostic certainty of VM and abnormality in caloric or ACS
cVEMP testing. On the other hand, VM had a significant positive association with abnormality in BCV oVEMPs compared
with PVM.

Conclusion VM is associated with dysfunction of the utriculo-ocular pathway more frequently than PVM, suggesting that
the pathophysiology of VM involves the utriculo-ocular pathway.
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Introduction

It has been well documented that patients experiencing
migraine show symptoms of vertigo/dizziness [21, 22].
Vestibular migraine (VM) refers to recurrent vertigo or
dizziness caused by migraine and presents with spontane-
ous or positional vertigo/dizziness that lasts for minutes
to days, with migrainous symptoms [30]. In 2012, the
International Headache Society Classification Committee
and the Committee for Classification of the Barany Soci-
ety published the first consensus on the diagnostic crite-
ria for VM [23]. VM is described in the appendix of the
International Classification of Headache Disorders 3 Beta
(ICHD-3p) as a novel disease entity [11]. Taking into con-
sideration the balance between sensitivity and specificity
of the diagnostic criteria in establishing the diagnosis for
VM, the categories VM and probable vestibular migraine
(PVM) were retained. ICHD-3f included only the diagnos-
tic criteria of VM, while the Barany classification included
PVM as well as VM. PVM partially meets the diagnostic
criteria of VM based on the symptoms of patients (see the
Appendix for the diagnostic criteria).

Vestibular dysfunction in VM patients has been dem-
onstrated using caloric testing and video head impulse
testing (VHIT) to investigate the function of the semicir-
cular canals (SCC) [2, 4, 8, 9, 13, 14, 20, 32, 34, 35], and
cervical and ocular vestibular-evoked myogenic potential
(cVEMP and oVEMP) testing for the function of the oto-
lith organs [1, 3, 12, 13, 33, 36, 37]. Another recent study
reported that the percentage of migraine among patients
with bilateral vestibulopathy (BVP) of unknown cause was
significantly higher than that among BVP patients with a
definite or probable etiology. These findings suggest an
association between migraine and vestibular dysfunction
[24].

In the present study, we investigated whether the pro-
portion of vestibular dysfunction differs between patients
with VM and PVM. We revealed that patients with VM
have dysfunction of the utriculo-ocular pathway (shown by
abnormal oVEMPs) more frequently than PVM patients,
suggesting that the pathophysiology of VM involves the
utriculo-ocular pathway.

Material and methods
Study design
The present study was approved by the Research Ethics

Committee, Graduate School of Medicine and Faculty
of Medicine, at the University of Tokyo (#2487). The

procedures in the present study were performed accord-
ing to the tenets of the Declaration of Helsinki. Written
informed consent was waived, because retrospective data
from medical records were used in the present study.

Subjects

We retrospectively reviewed the medical records of 1736
consecutive patients who underwent cVEMP testing to air-
conducted sound (ACS cVEMP), oVEMP testing to bone-
conducted vibration (BCV oVEMP), and caloric testing
between January 2013 and September 2019 at the Balance
Disorder Clinic of the University of Tokyo Hospital. Caloric
testing has been used to assess the function of the vestibulo-
ocular pathway relating to the lateral SCC (LSCC) and supe-
rior vestibular nerve. ACS cVEMP testing has been used to
assess the function of the sacculo-collic pathway [6, 26, 27]
while BCV oVEMP testing has been used to assess the func-
tion of the utriculo-ocular pathway [7, 18, 26]. The diagnos-
tic criteria for VM in the ICHD-3f appendix (see Appen-
dix 1) and the agreed diagnostic criteria for PVM published
by the Barany Society and the IHS (see Appendix 2) were
used in the present study. Patients with co-existing vestibu-
lar diseases including Meniere’s disease were not included.
Patients with co-existing any other otological or neurological
disorders were not included. Patients with impairment of the
middle ear transmission system were not included.

Twenty-two patients (4 males and 18 females; age
range 16-75 years, mean age + standard deviation
37.0 + 14.5 years) met the VM criteria, and 22 patients
(4 males and 18 females; age range 13—63 years, mean
age + standard deviation 39.8 +12.2 years) met the PVM
criteria (Table 1).

ACS cVEMP testing

Surface electrodes were placed on the upper half of each
sternocleidomastoid muscle (SCM), with a reference
electrode on the lateral end of the upper sternum. During
recordingm subjects, in a supine position, were asked to
raise their heads off the bed to contract the SCM. 500 Hz

Table 1 Characteristics of VM and PVM patients

VM PVM
Total patients, n 22 22
Sex
Male, n (%) 4 (18%) 4 (18%)
Female, n (%) 18 (82%) 18 (82%)
Age, mean=+S.D. years 37.0x+14.5 39.8+12.2

VM vestibular migraine, PVM probable vestibular migraine, n num-
ber, S.D. standard deviation
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short tone burst stimuli (135dBSPL, rise/fall time 1 ms,
plateau time 2 ms) were presented via headphones at a rep-
etition rate of 5 Hz. Analysis time was 100 ms. The signals
were amplified and bandpass-filtered (202000 Hz) using
Neuropack R (Nihon Kohden Co. Ltd., Tokyo, Japan).
After confirming reproducibility with two runs for each
ear, the amplitude and latency of the first positive—negative
peak (p13-n23) recorded from the side ipsilateral to stimu-
lation was obtained from the average of two responses.
The cVEMP asymmetry ratio (AR) was used to evaluate
any abnormality in the p13-n23 amplitude [28]. When a
reproducible p13—n23 was not observed, it was judged as
an absent response. When the cVEMP AR was greater
than the normal upper limit, which was set at 34.0% [28],
it was judged as a decreased response. A patient who
showed absent responses on both sides was regarded as
having bilaterally abnormal responses. When the p13
latency was outside the normal range [mean + 2 standard
deviations, 14.9 (+0.53) ms] [28], it was judged as abnor-
mal. Mean =+ standard deviation was 14.9 +0.53 ms. When
the nl latency was longer than mean + 2 standard devia-
tion (14.49 +1.26 ms) [16], it was judged as a prolonged
latency.

BCV oVEMP testing

Surface electrodes were placed on the skin 1 cm below
the center of each lower eyelid, with a reference electrode
on the skin 3 cm below the center of each lower eyelid.
While recording EMG activity, the subjects were asked
to look up by approximately 30°. The bone-conducted
stimuli were 500 Hz tone bursts (rise/fall time 1 ms, pla-
teau time =2 ms) delivered by a 4810 mini-shaker (Bruel
and Kjaer, Naerum, Denmark), which was placed on the
forehead in the midline (Fz), with a stimulation repetition
rate of 3 Hz. The peak driving voltage was adjusted to
8.0 V which produced a 128 dB peak force level (re: 1 uN).
Analysis time was 50 ms. The signal was amplified and
bandpass-filtered (0.5-500 Hz) using Neuropack R. After
confirming reproducibility with two runs for each ear, the
amplitude and latency of the first negative—positive peak
(nl-pl) recorded from the side contralateral to stimula-
tion was obtained from the average of two responses. The
oVEMP AR was used to evaluate any abnormality of the
nl-pl amplitude [5]. When a reproducible nl-pl was
not observed, it was judged it as absent response. When
the oVEMP AR was greater than the normal upper limit,
which was set at 27.3% [17], we judged it as decreased
response. A patient who showed absent responses on
both sides was regarded as having bilaterally abnormal
responses. Mean + standard deviation was 10.4 +0.63 ms.
When the nl latency was longer than mean + 2 standard
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deviation (10.4+ 1.26 ms) [16], it was judged as a pro-
longed latency.

Caloric testing

Caloric testing was conducted by irrigating the external audi-
tory canal with 2 ml ice water (4 “C) for 20 s. The induced
nystagmus was recorded using electronystagmography in a
darkened room. This ice-water caloric testing shows a high
sensitivity and specificity for the detection of canal paresis
(CP) [31]. An abnormal response was defined by either of
the following criteria: (1) CP percentage >20% for unilater-
ally abnormal responses [15]; (2) maximum slow phase eye
velocity of caloric nystagmus < 10 degrees/s for bilaterally
abnormal responses [10].

Data analysis

Data are expressed as the mean + standard deviation. Statis-
tical analyses were performed using SAS software version
9.4 (SAS Inc., Cary, NC, USA). Binomial logistic regression
analyses were performed to see whether the subjects’ age,
sex, or the diagnostic certainty of VM have an association
with the presence of vestibular dysfunction. The depend-
ent variables were abnormalities in the results of caloric,
ACS cVEMP, or BCV oVEMP testing, and the independ-
ent variables were age, sex (i.e., male vs female), and the
diagnostic certainty of VM (i.e., VM vs. PVM). p <0.05
was considered statistically significant without adjustment
for multiple testing.

Results

Abnormal caloric responses were found in 36% (n=38) of the
VM patients and 27% (n=6) of the PVM patients (Table 2).
All of the patients with abnormal caloric responses were
unilaterally abnormal. Abnormal cVEMP responses were
shown in 36% (n=8) of the VM patients and 36% (n=8) of
the PVM patients (Table 2). Four of the eight VM patients
and three of the eight PVM patients had bilaterally abnor-
mal cVEMPs. Abnormal oVEMP responses were found in
41% (n=9) of the VM patients and 9% (n=2) of the PVM
patients (Table 2). Five of the nine VM patients showed
bilaterally abnormal oVEMPs.

With regard to VEMP latency, cVEMP latency was pro-
longed in only one patient (5%) in VM and one patient (5%)
in PVM. oVEMP latency was prolonged in only one patient
(5%) in VM, but not in PVM. These three patients showed
prolonged VEMP latency unilaterally.

The percentage of patients with a pure-tone-average
threshold of 25 dB HL or more for frequencies of 0.5, 1,
and 2 kHz on at least one side was 18% in the definite VM
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Table 2 Vestibular function in VM and PVM patients

Vestibular function tests VM (n=22) PVM (n=22)
n (%) n (%)
Caloric testing
Normal 14 (64%) 16 (73%)
Abnormal
Unilateral 8 (36%) 6 (27%)
Bilateral 0 (0%) 0(0%)
ACS cVEMP
Normal 14 (64%) 14 (64%)
Abnormal
Unilateral 4 (18%) 3 (14%)
Bilateral 4 (18%) 5(23%)
BCV oVEMP
Normal 13 (59%) 20 (91%)
Abnormal
Unilateral 5(23%) 2 (9%)
Bilateral 4 (18%) 0(0%)

VM vestibular migraine, PVM probable vestibular migraine, n num-
ber, ACS air-conducted sound, ¢VEMP cervical vestibular-evoked
myogenic potential, BCV bone-conducted vibration, oVEMP ocular
vestibular-evoked myogenic potential

Table 3 Binomial logistic regression analyses for investigating the
association between the abnormalities in caloric testing and age, sex,
and the diagnostic certainty of VM

Variables QOdds ratio (95% CI) p value
Age 0.989 (0.942-1.039) 0.668
Sex
Male 1.330 (0.266-6.656) 0.728
Female Reference
Diagnostic certainty of
VM
VM 1.484 (0.409-5.393) 0.548
PVM Reference

VM vestibular migraine, PVM probable vestibular migraine, CI confi-
dence interval

group and 18% in the probable VM group. There was no
difference in the proportion of patients with hearing loss
between the two groups.

First, we investigated whether age, sex, or the diagnos-
tic certainty of VM had an association with abnormali-
ties in caloric testing. Logistic regression analysis indi-
cated that there was no significant association [p=0.668
(age), p=0.728 (sex), and p =0.548 (diagnostic certainty
of VM)] (Table 3). The odds ratio of abnormal caloric
responses for age, sex, and for VM compared with PVM
was 0.989 [95% confidence interval (CI), 0.942-1.039),
1.330 (95% CI, 0.266-6.656] and 1.484 (95% ClI,
0.409-5.393), respectively.

Table 4 Binomial logistic regression analyses for investigating the
association between the abnormalities in ACS cVEMP testing and
age, sex, and the diagnostic certainty of VM

Variables Odds ratio (95% CI) p value
Age 1.069 (1.009-1.133) 0.0242%*
Sex
Male 1.311 (0.229-7.506) 0.761
Female Reference
Diagnostic certainty of
VM
VM 1.211 (0.317-4.628) 0.780
PVM Reference

VM vestibular migraine, PVM probable vestibular migraine, ACS
cVEMP cervical vestibular evoked myogenic potential to air-con-
ducted sound, CI confidence interval

#p<0.05

Table5 Binomial logistic regression analyses for investigating the
association between the abnormalities in BCV oVEMP testing and
age, sex, and the diagnostic certainty of VM

Variables Odds ratio (95% CI) p value
Age 1.052 (0.987-1.121) 0.121
Sex
Male 0.243 (0.019-3.120) 0.277
Female Reference
Diagnostic certainty
of VM
VM 10.353 (1.597-67.114) 0.0143*
PVM Reference

VM vestibular migraine, PVM probable vestibular migraine, BCV
oVEMP ocular vestibular-evoked myogenic potential to bone-con-
ducted vibration, CI confidence interval

*p<0.05

Next, we investigated whether age, sex, or the diagnostic
certainty of VM had an association with abnormalities in
ACS cVEMP testing. Logistic regression analysis showed
that only age had a significant positive association with
abnormalities in ACS cVEMP testing [p=0.0242 (age),
and p=0.761 (sex) and p=0.780 (diagnostic certainty of
VM)] (Table 4). The odds ratio of abnormal ACS cVEMPs
for age, sex, and for VM compared with PVM was 1.069
[95% confidence interval (CI), 1.009-1.133], 1.311 (95%
CI, 0.229-7.506), and 1.211 (95% CI, 0.317-4.628),
respectively.

We then investigated whether age, sex, or the diagnostic
certainty of VM had an association with abnormalities in
BCV oVEMP testing. Logistic regression analysis showed
that only the diagnostic certainty of VM had a significant
positive association with abnormalities in BCV oVEMP
testing [p=0.121 (age), p=0.277 (sex), and p=0.0143
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(diagnostic certainty of VM)] (Table 5). The odds ratio of
abnormal BCV oVEMPs for age, sex, and for VM com-
pared with PVM was 1.052 [95% confidence interval (CI),
0.987-1.121], 0.243 (95% CI, 0.019-3.120), and 10.353
(95% CI, 1.597-67.114), respectively.

In summary, the only variable that had a significant posi-
tive association with the diagnostic certainly of VM was
abnormality of BCV oVEMPs.

Discussion

In the present study, we investigated the association between
the diagnostic certainty of VM and the results of vestibular
function tests. We showed that there was no significant asso-
ciation between the diagnostic certainty of VM and abnor-
mality in caloric or ACS cVEMP testing. On the other hand,
VM had a significant positive association with abnormality
in BCV oVEMP testing compared with PVM.

The function of the SCCs in VM patients has been evalu-
ated by caloric testing [2, 4, 8, 9, 13, 14, 32, 34, 35] and
VvHIT [2, 20, 35]. The prevalence of CP in caloric testing in
VM patients ranged from 8 to 42% according to the previ-
ous reports [2, 4, 8,9, 13, 14, 32, 34, 35]. The prevalence of
abnormalities in caloric testing was higher in VM patients
than in healthy controls [13]. Abnormal VHIT results in
the LSCC plane was found in approximately 10% of VM
patients [2, 20, 35]. A previous study reported that abnor-
malities in the caloric test and VHIT in VM patients pre-
dicted a requirement for prolonged preventive medication
[35], suggesting that vestibular abnormalities are closely
related to disease control in VM patients. A recent study
reported that the percentage of migraine among patients with
BVP of unknown cause was significantly higher than that
among BVP patients with a definite or probable etiology
[24]. Since BVP in that study was assessed by the caloric
test, their results suggest an association between the patho-
physiology of migraine and the function of the vestibulo-
ocular pathway relating to the LSCC.

The function of the otolith organs has been evaluated
by cVEMP [1, 3, 12, 13, 19, 29, 36, 37] and oVEMP test-
ing [13, 33, 36, 37]. Some cVEMP studies have reported
that abnormal responses, defined by reduced amplitudes,
low ARs, or absent responses, were more prevalent in VM
patients than in healthy controls [1, 3, 12, 13, 36, 37], sug-
gesting an association between VM and dysfunction of
the sacculo-collic pathway. On the other hand, others have
reported that there were no differences in cVEMP amplitude
or the prevalence of cVEMP abnormalities between VM
patients and healthy controls [13, 19, 29]. As for oVEMPs,
some studies have shown that abnormal oVEMP responses,
defined by reduced amplitudes or low ARs, were found more
often in VM patients than in healthy controls, suggesting an
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association between VM and dysfunction of the utriculo-
ocular pathway [13, 36]. In contrast, the other studies have
reported that there were no differences in oVEMP amplitude
or the prevalence of oVEMP abnormalities between VM
patients and healthy controls [13, 33, 37]. The conflicting
results among these VEMP studies may be due to differ-
ences in the stimulation methods used to evoke VEMPs, in
the evaluation methods of abnormal VEMP responses, and/
or in the profiles of the VM patients.

VM was described in the appendix of ICHD-3p as a novel
disease entity by consensus of the International Headache
Society Classification Committee and the Barany Society
Classification Committee [11]. The Barany classification
included PVM as well as VM by considering the balance
between the sensitivity and specificity of the diagnostic
criteria. Although vestibular dysfunction is not used as the
diagnostic criteria for VM, our finding that vestibular dys-
function involving the utriculo-ocular pathway (revealed by
abnormal BCV oVEMPs) occurs more frequently in patients
with definite VM than probable VM suggests that dysfunc-
tion in the utriculo-ocular pathway might be associated with
the pathology of VM. We consider that the pathology of VM
is more advanced than that of PVM. Vestibular dysfunction
can be more developed in VM than in PVM. The patients
with prolonged VEMP latency were very few, suggesting
that vestibular dysfunction in VM may be caused by periph-
eral rather than central mechanism.

It is still unclear why there was a significant difference
between the two groups in the proportion of BCV oVEMP
abnormalities and no significant difference between the
two groups in the proportion of abnormalities in caloric
testing and ACS cVEMPs. However, one previous report
revealed that VM patients were more likely than patients
with vestibular disorders other than VM to exhibit normal
ACS cVEMPs in the presence of unilaterally abnormal ACS
oVEMPs [25]. This result supports a possible pathophysi-
ological association between the utriculo-ocular reflex and
VM.

A possible association between migraine and BVP has
been previously reported [24]. In our study, with respect to
whether the abnormal responses in vestibular function tests
in VM and PVM were unilateral or bilateral, caloric testing
showed unilaterally abnormal responses, whereas VEMP
testing showed bilaterally as well as unilaterally abnormal
responses. As for cVEMPs, an association between aging
and abnormal responses was found independent of the diag-
nostic certainty of VM (Table 2). Therefore, the aging effect
on cVEMP abnormal responses should be considered apart
from the pathogenesis of migraine.

The present study has some limitations. First, as this is a
retrospective study, there might be the potential for selection
bias and information bias. Second, the present study is explora-
tory to assess whether diagnostic certainty of VM is associated
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with the abnormality of either caloric responses, cVEMPs or
oVEMPs. In future confirmatory studies that focus on the
association between diagnostic certainty of VM and oVEMPs,
adjustment for multiple testing is required to protect against
wrong conclusions. The study also requires formal sample size
estimation. Third, the present study is a cross-sectional study,
and whether the abnormalities in vestibular function tests are
variable or permanent cannot be determined. Vestibular func-
tions were measured in the quiescent period of VM in the
present study. The time period between the most recent attack
and subsequent testing, and the frequency of the attacks, varied
between patients. The results of vestibular function tests might
be affected by the time elapsed since the patient’s last attack
and the frequency of the attacks. Fourth, the confidence inter-
val for the odds ratio between BCV 0VEMPs and the diagnos-
tic certainty of VM was relatively wide. Fifth, cVEMP ampli-
tudes were not corrected for muscular activity of the SCM and
that this might affect the AR values.

In conclusion, we revealed that VM has a significant
positive association with abnormalities in BCV oVEMPs
compared with PVM, suggesting that the pathophysiology
of VM involves the utriculo-ocular pathway.

Acknowledgements We thank all of the members of the Department
of Otolaryngology and Head and Neck Surgery, Graduate School of
Medicine, The University of Tokyo for helpful discussions. This work
was supported by the Ministry of Education, Culture, Sports, Science
and Technology [Grant number 15H05940].

Author contributions CF: conceived of the study, conducted the
experiments, and wrote the manuscript and edited the manuscript for
content. TK, ST, MK, and KS: edited the manuscript for content. TK:
provided statistical advice, performed statistical analysis, and edited
the manuscript for content. TY and SI: supervised interpretation of data
and edited the manuscript for content.

Funding This work was supported by the Ministry of Education, Cul-
ture, Sports, Science and Technology [Grant number 15H05940].

Compliance with ethical standards

Conflicts of interest The authors declare that there is no conflict of
interest.

Ethics approval The present study was approved by the Research Ethics
Committee, Graduate School of Medicine and Faculty of Medicine, at

the University of Tokyo (#2487).

Consent to participate Written informed consent was waived, because
retrospective data from medical records were used in the present study.
Appendix

Diagnostic criteria for VM

A. At least five episodes fulfilling criteria C and D.

B. A current or past history of 1.1 Migraine without aura
or 1.2 Migraine with aura according to ICHD-3.

C. Vestibular symptoms of moderate or severe intensity,
lasting between 5 min and 72 h.

D. At least 50% of episodes are associated with at least
one of the following three migrainous features:

1. Headache with at least two of the following four char-
acteristics: unilateral headache, pulsating quality, moderate
to severe intensity, aggravation by routine physical activity.

2. Photophobia and phonophobia.

3. Visual aura.

E. Not better accounted for by another ICHD-3 diagnosis
or by another vestibular disorder.

Diagnostic criteria for PVM

A. At least five episodes with vestibular symptoms of mod-
erate or severe intensity, lasting 5 min to 72 h.

B. Only one of the criteria B1 and B2 is fulfilled
(migraine history or migraine features,

during the episode).

B1 Current or previous history of migraine with or with-
out aura according to the ICHD-3

B2 One or more migraine features with at least 50% of
the vestibular episodes:

1. Headache with at least two of the following characteris-
tics: one sided location, pulsating quality, moderate or severe
pain intensity, and aggravation by routine physical activity.

2. Photophobia and phonophobia.

3. Visual aura.

C. Not better accounted for by another ICHD-3 diagnosis
or by another vestibular disorder.
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