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Migraine and audiovestibular dysfunction: is there a correlation?
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Abstract Purpose: To study the audiovestibular functions in cases of migraine with or without vertigo.
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Materials and methods: This was a prospective study involving 50 cases of migraine who were
divided into 2 groups: patients with vertigo and those without. All patients underwent a detailed
otological and neurootological examination followed by full audiological and vestibular
investigation including pure tone audiometry, speech reception threshold, speech discrimination
score, tone decay, short increment sensitivity index, auditory brainstem-evoked responses, and
electronystagmography (ENG).
Results: Thirty-eight (76%) of 50 patients had vertigo on presentation, of which rotatory
nonpositional vertigo (22/38) was the most common. Phonophobia was the most common auditory
symptom (35/50, 70%) followed by tinnitus (25/50, 50%). Only 17 patients (34%) reported hearing
loss, of whom only 7 had documented hearing loss on pure tone audiometry. However, the auditory
brainstem-evoked responses of all these patients showed some abnormalities in the form of
prolonged absolute latency or prolonged interwave peak latencies or both. Electronystagmography
revealed canal paresis in 13 patients (26%), although there was no statistical difference between
patients with or without vertigo on various electronystagmographic parameters.
Conclusion: Auditory brainstem-evoked response abnormalities may be the earliest indicator of
impending auditory involvement in migraine.

© 2008 Published by Elsevier Inc.
1. Introduction

Migraine is a benign and recurring syndrome of unilateral
throbbing headache, associated with nausea, vomiting, and
phonophotophobia. Migraine is more common in females
than in males with a ratio of 2.5:1 [1]. Various authors have
studied the neurootological aspects of migraine such as its
manifestations [2] including vertigo, unsteadiness, tinnitus,
pitch distortion, phonophobia, and hearing loss. Sudden
onset sensorineural hearing loss in migraine has also been
reported [3,4]. It was postulated that spasm of cochlear
vessels led to reversible hypoxic injury and temporary
hearing loss.
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Thakar et al [5] studied the association of vertigo with
migraine in which 344 cases of vertigo were reviewed. They
identified 19 cases of vertigo with headache characteristic of
migraine. Parker [6] reported a strong association between
migraine and vertigo based on the results of his study. It
has been opined that defective calcium channels, primarily
expressed in the brain and inner ear, could lead to reversible
hair cell depolarization, leading to auditory and vestibular
symptoms [7]. The present study is a prospective
analysis of the audiovestibular functions in patients
diagnosed with migraine. The aim of the study was to
explore the relationship between migraine and audio-
vestibular functions.
2. Materials and methods

This was a prospective observational study. The study
was approved by the ethical justification committee of our
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Table 1
Distribution of patients with regard to duration of headache

Duration of headache No. of patients (F + M) Percentage

Group I (0–1 mo) 6 (4 + 2) 12
Group II (1–6 mo) 14 (5 + 9) 28
Group III (6 mo–3 y) 12 (6 + 6) 24
Group IV (N3 y) 18 (14 + 4) 36

F indicates female; M, male.

Fig. 1. Showing the nature of vertigo and vertiginous symptoms (n = 38).
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institute. The study group consisted of 50 cases of migraine
that fulfilled the IHS 1988 [8] criteria for migraine. The
patients were divided into 2 groups: cases of migraine with
vertigo and cases of migraine without vertigo. The patients
were referred from the Neurology Services after an initial
evaluation and were later worked up in the Department of
Otolaryngology and Head and Neck Surgery. They were
aged between 18 and 60 years.

A detailed medical and otological history and physical,
otolaryngological, and neurootological examination were
taken in all the patients. The neurootological examination
included spontaneous nystagmus, positional nystagmus, and
tests such as Romberg's test, tandem Romberg test, and
Fukuda stepping test for the integrity of the posterior
column. Patients with confounding factors such as history of
prolonged noise exposure, history of ototoxic medication,
history of ear discharge, otosclerosis, history of head or ear
trauma, diabetes mellitus, and history of hypertension or
ischemic heart disease were excluded during patient
selection. Each of these cases was then subjected to an
audiovestibular test battery which included pure tone
audiometry (PTA) and special tests of hearing on a dual
clinical/diagnostic audiometer (Amplaid 309; Amplifon
BPA Division, Milan, Italy) calibrated as per the American
National Standard Institute.

Auditory brainstem-evoked responses were recorded
using Nicolet Compact (Nicolet Biomedical Instruments,
Madison, WI) and an electrodiagnostic system. Pure tone
clicks at intensities of 85 and 100 dB with masking noise in
the contralateral ear were delivered at a rate of 11 clicks per
second with bandwidth filters adjusted between 150 and
3000 Hz. Total number of clicks delivered was 2000. A
minimum of 2 trials were conducted for each run to ensure
the reproducibility of the results. The ABRs were considered
to be prolonged when the latencies exceeded the mean ± 2
SD of the normal controls.

The Fitzgerald and Hallpike bithermal cold caloric test
was performed in the vestibular laboratory of the department.
It was done by irrigating each ear with 250 mL of saline for
40 seconds at 44°C and 30°C. The resulting nystagmus was
recorded using a dual-channel AC ENG equipment (nys-
tagmorite ENG machine). The machine was calibrated
before each recording. The unilateral weakness and direc-
tional preponderance were calculated by using Jongkees
formula. The normal for unilateral weakness was less than
20% and for directional preponderance, it was less than 25%.
Radiologic examination including magnetic resonance
imaging was done in those cases that were suspected for
retrocochlear lesion.
3. Results

Fifty patients fulfilling the IHS 1988 criteria of diagnosis
of migraine were taken up for study. The age of the patients
ranged between 18 and 60 years, the majority of whom were
between 18 and 30 years (ie, 21/50, 42%). There were
21 males (42%) and 29 females (58%). In the younger age
group (ie, 18–30 years), there were 14 females (out of 21).

The duration of migrainous headache was divided into
4 groups as shown in Table 1.

Thirty-eight (76%) of 50 patients presented with vertigo,
majority of whom were females. The characteristic nature
and type of vertigo in the patients are shown in Fig. 1.
Rotatory nonpositional vertigo was the commonest type of
vertigo seen in 22 of 38 patients with migraine.

Seventeen patients had reported hearing loss on history,
but only 7 patients had documented hearing loss on PTA. A
threshold of more than 25 dB was considered as hearing loss.
Four patients had mild unilateral sensorineural hearing loss
(b40 dB) and 3 had mild bilateral sensorineural hearing loss.
None had a loss greater than 40 dB. In these 17 patients, 12
had associated vertigo.

Fifty percent (25/50) of the patients had an associated
tinnitus with the headache. All but one of the 25 had ver-
tigo (24/50). Surprisingly, all the patients with pure tone
abnormalities (7/50) had tinnitus.

Four of 38 patients with migraine with vertigo were
associated with fluctuating hearing loss and aural fullness.
Of these patients 2 had documented hearing loss on PTA.

Thirty-five (70%) of 50 patients had presence of
phonophobia. Twenty-five of whom also had associated
vertigo; 5 of these 25 patients had pure tone abnormalities.

Speech reception thresholds were in accordance with PTA
findings. The short increment sensitivity index between 70%
and 100% was found in 8% (4/50) of cases. Only one patient
showed a poor discrimination score of 64%. There were no
tone decay abnormalities in any patient.

Brain stem evoked response audiometry (BERA)
revealed prolonged absolute latency of wave I in 27 patients,



Table 2
Showing abnormality in inter peak latency

Interpeak latency Right (n) Left (n)

I–III N2.4 ms 2 5
III–V N2.2 ms 5 4
I–V N4.4 ms 1 3
Total 8 12

Table 4
Correlation of tinnitus with hearing loss and ABR abnormalities

Parameters n (% out of 25 patients
of tinnitus)

Hearing loss 13 (52%)
Abnormal PTA 7 (28)
Prolonged absolute latency of wave I 9 (36%)
Prolonged absolute latency of wave III 9 (36%)
Prolonged absolute latency of wave V 15 (60%)
Prolonged inter peak latency of I–III 6 (24%)
Prolonged inter peak latency of III–V 8 (32%)
Prolonged inter peak latency of I–V 5 (20%)
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prolonged absolute latency of wave III in 9 patients, and
prolonged absolute latency of wave V in 24 patients. Twenty
(40%) patients had abnormalities in interpeak latency of
waves I to III, III to V, and I to V as shown in Table 2. Of
the 7 patients with pure tone abnormalities, 5 were found
to have prolonged interpeak latencies (Table 3). Ten
patients who complained of hearing loss without PTA
abnormality also had abnormalities seen in ABR.

When the ABR waves between patients with migraine
with or without vertigo were compared using the Mann-
Whitney test, no statistical difference between the 2 groups
was noted. The ABR finding of patients complaining of
tinnitus is shown in Table 4.

Bithermal caloric testing as described by Fitzgerald and
Hallpike was used. The resulting nystagmus by right hot
caloric, right cold caloric, left hot caloric, and left cold
caloric stimulation was recorded. The parameters noted, viz,
latent period, total number of beats, total duration, and
maximum speed of slow component, were compared
between patients with and without vertigo, using the
Mann-Whitney test. There was no statistical difference
between the 2 groups.

Thirteen patients demonstrated the presence of canal
paresis, 12 had right-sided and 1 had left-sided canal paresis.
Ten of these patients had vertigo with migraine. Canal paresis
was predominantly seen in the age group of 31 to 60 years. In
addition, 7 of 13 patients with canal paresis were females.
Seven of the 13 patients had characteristic rotatory vertigo.
Two patients demonstrated directional preponderance.

Five of 20 patients, who had BERA abnormalities, had
right-sided canal paresis also.

The duration of headache was compared with various
symptoms, such as decreased hearing during vertigo,
fluctuations in hearing, tinnitus, aural fullness, photophobia,
Table 3
BERA abnormalities in patients with documented hearing loss (7/50)

Patient
no.

Interpeak latency

I–III N2.4 ms III–V N 2.2 ms I–V N 4.4 ms

Right Left Right Left Right Left

3 2.81 1.90 1.78 1.98 3.98 4.45
13 2.10 1.83 1.99 2.03 3.78 3.88
23 2.71 1.89 2.01 2.45 4.24 3.99
34 2.19 2.09 2.13 2.01 3.68 3.78
38 2.02 2.10 2.28 2.05 3.88 4.01
42 2.04 2.07 2.19 2.09 3.67 4.45
45 2.13 2.58 1.98 1.79 3.66 4.23
and phonophobia, but no significant correlation could be
demonstrated. In addition, the duration of headache was
compared with PTA, BERA, and ENG abnormalities but was
nonconclusive.

The Mann-Whitney test was used to compare the
clinical symptoms and cochleovestibular findings in cases
with and without vertigo. It did not reveal any statistically
significant difference. Similarly, patients with classic and
common migraine were compared, but no significant
difference was observed.
4. Discussion

The association of migraine and vertigo is frequently
described [9]. However, a causal link between the two remains
elusive. It is not uncommon for individuals with migraine to
experience some sort of cochleovestibular symptoms, such as
tinnitus, hearing loss, or dizziness. Although neurootological
manifestations are common in migraine, only a limited
number of studies have been done in this regard.

The literature quotes the incidence of vertigo in migraine
patients from 55% to 69% [2,10]. We have found a higher
incidence of vertigo in our patients (76%).

The beginning of dizziness years after the beginning of
migraine headache in patients with vertigo leads to 3
speculations: the disease process involves the vestibular
system over a period of time or it is involved at the beginning
but something happens that changes the compensated stage
to uncompensated stage or the clinical picture of migraine
changes with age [11]. In our study, it has been seen that the
duration of headache was longer than that of vertigo. This
could mean that vestibulopathy appears later in the course
of migraine.

The literature is silent regarding the nature of vertigo
occurring in patients with migraine; we found rotatory
vertigo in 76%, transient unsteadiness in 16%, and benign
paroxysmal positional vertigo (BPPV) in 8% of cases. Bir et
al [11] reported that the duration of vertigo spells lasted for
minutes in nearly half of their study patients. Only a few
studies address the relationship between migraine and BPPV
[12,13]. Ishiyama et al [12] found that patients with BPPVof
unknown cause were 3 times more likely to have migraine
than patients with BPPV secondary to a likely cause (head
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trauma and surgery). They also theorized that patients with
migraine experience recurrent damage to the inner ear
(because of probable vasospasm), which predisposes to
recurrent bouts of BPPV. We found a 6% (3/50) incidence of
BPPV in patients with migraine. Surprisingly, all of them
were females. All the 3 patients underwent particle
repositioning maneuver as a therapeutic modality. Two of
the 3 patients after the particle repositioning maneuver did
not get a single attack of migraine during the entire period of
our study. The possible explanation for this is purely
conjectural. It is possible that canalolithiasis alone may be
causing headache typical of migraine.

Auditory symptoms are generally considered to be less
common than vestibular symptoms in migraine. Kayan and
Hood [2] had reported phonophobia as the commonest
symptom as was the case in this study. Interestingly, majority
of them had an associated vertigo also. Five patients with
pure tone abnormalities also had phonophobia.

It was also noticed that the vertigo was associated with
aural fullness, tinnitus, and fluctuating hearing loss in 4
(10.5%) of 38 cases, suggestive of Meniere's disease. Two of
them had documented hearing loss and the duration of each
vertigo spell lasted for 4 hours to 11 hours. There is
inadequate literature regarding the association of Meniere's
disease with migraine. Association of Meniere's disease with
migraine was first described by Prosper Meniere in 1861.
Prevalence of migraine in cases of unilateral Meniere's
disease has been reported to be 22% and in vestibular
Meniere's disease to be 81% [14]. Recently, Boyev [15]
proposed that fluctuating hearing loss with vertigo in patients
with migraine is almost always due to Meniere's disease.
Although a relationship between migraine and Meniere's
disease has been frequently discussed [16], it remains
unproven. There are, as of now, no controlled studies
which confirm the suspicion. However, it may be speculated
that some of the patients in the present study may go on to
develop Meniere's disease (particularly those with unilateral
hypoexcitability to caloric stimulation). Furthermore, we
also noted that all the 4 patients with features suggestive of
Meniere's disease were females in the age group of 31 to
60 years. It can be proposed that women in the third to
sixth decade of life are predisposed to the development of
endolymphatic hydrops. We therefore propose that female
patients with migraine of older age group are more likely
to develop Meniere's disease.

Bayazit et al [8] reported normal PTA and speech
discrimination scores in all their 20 patients. They also
reported that 35% of their patients have abnormalities in
BERA. This included prolongation of absolute latency of
wave I in 20% of patients and prolongation of absolute
latency of wave V as well as prolonged interpeak latency
of I to III, III to V, and I to V in 15% of cases. We did a whole
spectrum of audiological investigations in all the patients. It
was seen that, although 17 complained of hearing loss, only
7 had pure tone abnormalities. This was in the form of mild
hearing loss. The speech reception threshold and tone decay
were within normal limits in all the patients. Interestingly, 4
patients (8%) in our study who had abnormal short increment
sensitivity index had normal hearing on PTA. This could be
suggestive of early cochlear involvement. Another striking
observation in our study was a close correlation between
abnormalities in ABR and hearing loss. Patients with
documented hearing loss had prolonged interpeak latencies.
Even patients (16%) complaining of hearing loss, but with
normal results in audiometry, had abnormalities in BERA. It
can thus be concluded that BERA abnormalities may be the
earliest indicator of impending auditory involvement in
patients with migraine.

Our study has demonstrated that patients with migraine
with vertigo during headache are more likely to have pure
tone abnormalities than patients without vertigo during
headache. This could probably be explained on the basis of
the involvement of a peripheral vestibular labyrinthine
component in patients with migraine. This is corroborated
further by the increased incidence of hearing loss in patients
with vertigo.

Tinnitus was seen in 25 of 50 patients. Various causes can
be attributed to the development of tinnitus. Any auditory
insult throughout the auditory pathway from the ear to the
auditory cortex may lead to this symptom. The origin of
tinnitus in patients with migraine is not well known. Tinnitus
in our patients was present both during and in-between
attacks. Presence of tinnitus correlated well with documented
hearing loss in our study (P b .05). In addition, prolonged
absolute latency of wave V in patients with tinnitus may also
point to the origin of migraine-related tinnitus at a higher
level of the auditory pathway.

Electronystagmographic abnormalities in patients with
migraine have been reported in the literature [17]. It has been
reported that 58% of ENG abnormalities (canal paresis and
directional preponderance) occur in patients with migraine
without vertigo and 55% with vertigo, but the difference was
not statistically significant [11]. We found that 26% (13/50)
of our patients had ENG abnormalities. There was a positive
correlation between presence of vertigo and ENG abnorm-
alities. Electronystagmography abnormalities (canal paresis
and directional preponderance) were seen in 76% of patients
with vertigo and in 24% of cases without vertigo. A study
reported bilateral canal paresis in 15% of their study patients
[8]. It did not encounter unilateral canal paresis. Our results
are contrary to this as majority of our patients had a unilateral
canal paresis.

The audiometric configuration, that is, the line followed
by the threshold for different frequencies for the same ear,
can be suggestive of various disorders. But this is in no way
conclusive and is highly subjective. So, auditory brainstem
response audiometry was done in all the patients. An SD of
approximately 0.2 milliseconds has been reported for
individual waves and interpeak latencies. [18]. Therefore,
using 2 times SD as our limit, more than 95% of normal
population would be covered. In our study, more than 2 SD
of the resultant values has been considered abnormal. As
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regards ENG abnormality, it has been quoted that there is a
30% interlaboratory variability using Jongkees formula [19].
This shows that the percentage of patients with vertigo with
ENG abnormality (ie, 76%) is quite significant.

5. Conclusion

It can thus be said that patients with migraine with vertigo
are more likely to have cochleovestibular affection. However,
the type of migraine has no bearing on cochleovestibular
abnormality. This study is another step toward understanding
audiovestibular changes in patients with migraine. This has
helped us to know the effects of migraine on both cochlear
and vestibular apparatus, so that a detailed diagnostic
evaluation can be undertaken in patients with migraine.
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