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Abstract

This is a cross-sectional study evaluated vestibular function with migraine. Included
were 58 patients [Migraine with aura (MA) = = 12; migraine without aura (MoA)
= 46] (mean age = 31.60+9.17 and duration of illness = 8.33+4.47 years) and
40 healthy subjects. All underwent basic audiological evaluation, electronystag-
mography (ENG) and auditory-brainstem response (ABR). We reported frequent
vestibular manifestations in between the headache attacks (MA>MoA) includ-
ing: dizziness (44.82%), rotatory vertigo (20.69%), positional vertigo (10.34%)
and sense of imbalance (13.79%). Abnormalities > one ENG tests were reported
in 74.14% including: post head shaking (31.03%) positioning/positional testing
(20.67%), OKN (24.14%), unilateral caloric weakness (17.24%), pursuit (13.79%)
and saccadic (8.62%) eye tracking, gaze nystagmus (10.34%), spontaneous nys-
tagmus (5.17%) and directional preponderance (6.9%). Phonophobia and tinnitus
were reported in 10.34% and 13.79%. None had manifest hearing impairment
but only 12 ears had pure tone audiometry abnormalities. ABR abnormalities were
reported in 28% including: prolonged waves Il latency and I-1lI, 1lI-V and |-V IPLs.
Frequency and duration of migraine were commonly associated with ENG and ABR
abnormalities. Our results indicate that chronic migraine may result in permanent
vestibular damage at any level of the peripheral or central vestibular pathways. This
may lead to improved diagnosis, better prophylaxis and treatment of migraine and
its related complications

Key words: Migraine; vestibular function; vertigo; electronystagmography; caloric
testing.

Abbreviations: MA, migraine with aura; MoA, migraine without aura; ENG, elec-
tronystagmography; PTA, pure-tone audiometry; UW, unilateral caloric weakness;
DP, directional preponderance; ABR, auditory brainstem response; IPL, interpeak
latency

Introduction

headache is most common feature. Moderate to severe recur-
rent attacks of migraine headache usually last for 4-72 hours.

Migraine is a common chronic presenting complaint with an
estimated prevalence of 17.2% in women and 6% in men
(1). Heritability in migraine was estimated to be between 40-
60% (2). Migraine is a complex disease that includes neu-
rologic, gastrointestinal and autonomic symptoms, although
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The common migraine or migraine without aura (MoA) is of-
ten unilateral, pulsating (throbbing), may be associated with
nausea and vomiting. In the classic migraine or migraine with
aura (MA), headache is preceded by transient neurological
symptoms as photophobia and phonophobia (3).
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In some patients, migraine headache is often associated
with vestibular manifestations during the attacks or in the
headache-free periods, but the highest incidence occurring
during the headache attacks (3-7). Vestibular symptoms in-
clude: dizziness, light headedness, giddy sensation, passing
out episodes, imbalance, head motion intolerance, spontane-
ous attacks of vertigo or rotational-type vertigo, positional
vertigo and nystagmus (4-20). Motion sensitivity with bouts
of motion sickness occurs in about two thirds of patients with
migraine (8). Episodes of vertigo occur in about one fourth
of patients (11, 12, 14, 16, 18, 19). Vertigo and dizziness are
frequent co-existing symptoms in patients with migraine and
was reported in nearly 10% of all dizzy patients (20). In some,
vertigo is the only symptom (so-called “migraine equivalent”)
(21). The terms migraine-associated vertigo, benign recurrent
vertigo, migraine-associated dizziness, migraine-related ves-
tibulopathy and vestibular migraine, all have been applied
to the commonly syndrome called migrainous vertigo (18)
which affects more than 1 % of the general population
and nearly represents 10 % of patients in dizziness and at
least 9 % of patients in migraine clinics. Although migrain-
ous vertigo is not included in the current classification of
International Headache Society (22), yet its specific criteria
have been proposed and utilized in clinical trials. Migrainous
vertigo has female preponderance and is characterized by
attacks of spontaneous or positional vertigo lasting seconds
to days and typically accompanied by imbalance and nausea.
Nearly half of the cases occur without an association with
headache, phonophobia, photophobia or auras are common
but not mandatory and most of cases are completely free
of dizziness between attacks (17,23). A central or peripheral
vestibular damage may occur in patients with migrainous ver-
tigo (24) particularly during the attacks as central spontane-
ous or positional nystagmus and, less commonly, unilateral
vestibular hypofunction (25,26). Auditory manifestations may
also be associated with migraine during and in between the
attacks but are less frequent than vestibular manifestations
and mostly mild and non-progressive. Audiologic symptoms
include: pitch distortion, phonophobia (5), tinnitus (6) and in-
creased sensitivity to light and sound (25,26) which increased
during headache attacks. Also fluctuating hearing loss, sud-
den deafness (26) and permanent hearing loss may occur in
small percentage of patients (4,27). Some studies reported
abnormalities in audiometric, auditory brainstem response
(ABR) and caloric testing but in general, their results are few
and controversial (6,25,28,29,30).

The pathophysiology of vestibular and manifestations associ-
ated with migraine is still incompletely delineated, however,
the following have been hypothesized as possible mecha-
nisms: 1) subcortical dysfunction with disruption of central
sensory processing mechanisms and hypersensitivity of the
labyrinth (25,30,31,32), 2) spontaneous and aberrant neural
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activity at any level along the auditory axis, with abnormal
reorganization processes in the auditory cortex, central sen-
sitization, cortical hyperexcitability (33,34), malfunctioning of
the vascular activity of the cochlea (35), and 3) migraine-
induced vasospasm and ischemia of the labyrinth, cochlea
and cerebral vasculature (4,5,27,32,36,37). The flood of infor-
mation from different studies is important to determine the
exact pathologic spectrum of migraine. This also will lead to
improved diagnosis and better prophylactic and treatment
for migraine and its long-term consequences in the future.

Aim of work

The aims of the study were: 1) to evaluate the function of
the vestibular system using electronystagmography (ENG) in
patients with migraine in between the attacks of headache,
and 2) to verify the possibility of peripheral or/and central
lesion(s) in the vestibular pathways.

Materials and methods

This study included 58 adults (male = 7; female = 51) with
migraine and 40 healthy subjects matched for age, sex (male
= 10; female = 30), socioeconomic status and educational
level (as controls for comparison). Headache was classified
according to the criteria of International Headache Society
(2"d edition) (22). Patients were studied during the attack-free
periods with at least 3 days since the last attack. Patients
were recruited from the out-patient headache clinic of the
department of Neurology and Psychiatry of Assiut University
Hospital (tertiary referral center), Assiut, Egypt. The protocol
of the study was approved by the ethical committee and sub-
jects included gave informed consents before participation.
Excluded were subjects with: previous history of otological
or labyrinthine disorders, history of ear discharge, otoscle-
rosis, history of head or ear trauma, presence of systemic
or metabolic diseases associated with hearing loss (as renal
insufficiency, gout, diabetes mellitus, hypertension, ischemic
heart disease, hypercholesterolemia/dyslipidemia, hypothy-
roidism or active gastrointestinal disease), reported exposure
to unsafe noise, use of ototoxic drugs, and family history of
hearing loss or clinical evidence of postural hypotension.

All patients and control subjects went through a detailed
medical, physical, otolaryngological, and neurological history
and examination.

Neurological evaluation

This included monitoring the frequency of migraine attacks
per month. Accordingly, patients were divided into two
groups: a) high frequency: >4/month. b) low-frequency: <4/
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month. The neurological testing for spontaneous and posi-
tional nystagmus. The integrity of the posterior column was
assessed by applying the Romberg’s and tandom Romberg’s
testing.

Audiological evaluation

All patients and control subjects underwent: 1) basic audio-
logical evaluation which included: a) initial otoscopic exami-
nation, standard pure-tone audiometry (PTA), speech audi-
ometry and tympanometry and, d) acoustic reflex to exclude
pathologic conditions of the external or middle ear (38).
2) Speech audiometry was used to identify the hearing level
at which subjects understood and repeated at least 90% of
a set of 10 monosyllables. Immittance testing was done to
determine middle ear function using the Amplaid Model 720
immittance bridge (Amplaid, Milan, ltaly). Pure tone audio-
metric thresholds were measured from 0.25-8 kHz (0.25, 0.5,
1.0, 2.0, 4.0 and 8.0 kHz) and pure average thresholds for
the right and left ears were obtained (audiometer Madsen
0OB822). Air conduction hearing threshold levels were mea-
sured for octave frequencies between 250-8000 Hz. Low
frequency tympanometry and acoustic reflex thresholds were
elicited contralaterally using interacoustic AZ 7 immitancem-
eter. Hearing thresholds were determined in decibel hearing
level (dB HL). The examined ears were defined as normal if
no absolute threshold level > 20 dB was measured over the
whole frequency range. Threshold shifts in PTA were consid-
ered to be significant if they showed at least 10 dB change
in more than two consecutive frequencies, or if a threshold
greater than 20 dB was observed in any audiometric range.

Vestibular evaluation

This was done by Electronystagmography (ENG) (Micromedical
tech, Meta 4, software version 4.5). Before ENG testing,
all medications were stopped for at least 2-3 days, food
intake was limited prior to examination and arrangement for
transportation was done after the examination. Essentially,
ENG test consists of 3 parts: a) Oculomotor evaluation:
calibration, gaze, fixation, sacchade, tracking (pursuit) and
optokinetic nystagmus; b) positioning/positional testing;
and ¢) Caloric stimulation: bithermal caloric testing was
done using otocalorimeter (Bithermic caloric stimulator McA
Biomedica) as proposed by Dix-Hallpike. Caloric testing
was done by irrigating each ear with 250 mL of saline for
40 seconds at 44°C and 30°C. For ENG test, we analyzed
various nystagmus types as spontaneous nystagmus , gaze
nystagmus, positional and positioning nystagmus with head-
shaking and head-thrust (Halmagyi) tests, optokinetic, and
postcaloric (in Bruning's proof, using Jongkees' formula
for evaluation of unilateral weakness (UW) or labyrinthine
preponderance (LP) and directional preponderance (DP) (39,
40). We also assessed eye-tracking (sacchade and pursuit)
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with caloric modification. Data were interpreted in terms of
UW and DP. UW was considered significant if asymmetry
was > 25% and the nerve or end-organ lesion was in the
side of the weakness. DP was considered significant with
spontaneous nystagmus >20-30%. Positional tests were done
within minimum of 20-30 seconds in normal individuals with
mental tasking infrared goggles or with the patient’s eyes
closed. It was done with head hanging, supine, supine and
head right, supine and lateral head lift (right or left). Positional
tests were considered abnormal if nystagmus: a) exceeded 60
per second, b) with change direction in a single position, c)
persist in at least 3 different positions, and d) intermittent in
all positions. The presence of vestibular peripheral lesion was
considered if nystagmus: 1) was present with eyes open and
enhanced by eye closure; 2) increased when the patient gazes
in the direction of the fast phase but decreased or decreased
when the gaze is in the direction of slow phase (Alexander’s
law); and 3) direction was fixed and with geotropic direction
changing in different positions with positional tests. The
presence of vestibular central lesion was considered in the
presence of: 1) enhancement of nystagmus with ocular
fixation and reduced by eye closure. Normally nystagmus
occurs only with eccentric gaze in one direction. Unilateral
and bilateral gaze-paretic nystagmuses are consistent with
central nervous system (CNS) pathology. They are elicited in
the direction of the gaze (i.e. right-beating nystagmus with
right gaze and left-beating nystagmus with left gaze); 2)
positional geotropic or apogeotropic nystagmus is bilateral,
direction changing, showing no latency, low frequency, lack
of fatigability and habituation and without concomitant
vertigo; 3) disorganized pursuit or asymmetrical pursuit gain;
4) under or overshoot of saccades or asymmetrical latency
or velocity; 5) bilateral hyperreflexia; 6) rebound nystagmus
which is defined as bursts of nystagmus which begins when
the eyes are returned to center gaze and lasts for 5 seconds.
Rebound nystagmus indicated brainstem or cerebellar lesions;
and 7) nystagmus occasionally increased when the patient
gaze is in the direction of the fast phase but decreased or
disappeared when the gaze was in the direction of slow
phase.

Auditory Brainstem Response (ABR)

Recording was done by (Nicolet Spirit) OS/2 version 3. ABR
was performed using alternating clicks at 0.1 seconds, time
window was 10 millisecond and filter settings were 150 Hz-3
kHz. The stimuli were delivered at 90 dBHL with repetition
rate of 11.1-51.1 pulse/second. Each response reflected an
average of 1500 stimuli presentations. The absolute latencies
of waves |, lll and V and I-lI, lll-V and |-V interpeak latencies
(IPLs) were recorded from both ears. Radiologic examination
including magnetic resonance imaging (MRI) was done in sus-
pected patients with retrocochlear lesion.
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Statestical analysis

Calculations were done with the statistical package SPSS,
version 12.0. Data were presented as mean + SD (Standard
Deviation). Kolmogorov-Simirnov test was used to test the pa-
rameter distributed. Student’s t test was used for comparison
of means of normally distributed parameters while Mann-
Whitney U test was used for comparison of non-normally
distributed parameters. Chi square test was applied to as-
sess differences between norminal variables. Pearson’s r was
used to assess correlations as the analyzed variables were
contiguously distributed. For all tests, values of p<0.05 were
considered statistically significant.
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Results

This study included 58 patients (116 ears examined) with mi-
graine with mean age of 31.60+9.17 years and duration of
illness of 8.33+4.47 years. Forty healthy subjects matched for
age (30.25+5.24), sex, socioeconomic status and educational
level were also included for statistical comparisons. The ma-
jority of patients (79.3%) had MoA while 20.7% had MA.
Table (1) showed the demographic and clinical characteristics
of the studied groups. None of the patients with migraine
had manifest hearing impairment.

Basic audiological examination (table 2) revealed that
few patients had evidence suggesting conduction hearing
problems. Normal middle ear status was confirmed by otoscopy
and standard aural immittance procedures. According to the

Table 1. Demographic and clinical characteristics of the studied groups.

Demographic and Clinical
characteristics

Male/female
Positive family history of migraine
Age; years
Duration of illness; years

Type of migraine:
Common migraine (MoA)
Typical migraine (MA)

Attacks frequency (number per months)
Low-frequency (<4/month)
High-frequency (=4/month)

MoA, migraine without aura; MA, migraine with aura.

Patients
(n =58)

7/51
9 (15.52%)
20-45 (31.60+9.17)
1-20 (8.33+4.47)

46 (79.3%)
12 (20.7%)

30 (51.72%)
28 (48.28%)

Table 2. Results of abnormalities in basic audiological testing in patients with migraine.

Basic audiological testing

Pure tone audiometry (PTA)
Right ear
Left ear

Tympanometry
Right ear
Left ear

Acoustic reflex
Right ear

Left ear

Speech audiometry

Right ear
Left ear

Data were expressed as number (%), range (mean+SD).

4

Patients (n = 58)

7 (12.1%)
5 (8.6%)

2 (3.45%)
2 (3.45%)

8 (13.80%)
6 (10.3%)

92.00-100.00 (99.52+1.85)
92.00-100.00 (99.66+1.55)
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Table 3. The frequency of vestibular and audiological symptoms in the studied group.

Patients MoA MA Control subjects

AP (n = 58) (n = 46) (n=12) (n = 40)

Dizziness 26 (44.82%) 24 (52.17%) 5 (41.67%) 9(22.5%)
Rotational vertigo 12 (20.69%) 10 (21.74%) 3 (25%) 0
Positional vertigo 6 (10.34%) 6 (13.04%) 2 (16.67%) 0

Sense of imbalance 8 (13.79%) 8 (17.39%) 5 (41.67%) 5(12.5%)

Phonophobia 10 (10.34%) 10 (21.74%) 3 (25%) 2 (5%)
Tinnitus 8 (13.79%) 6 (13.04%) 2 (16.67%) 1(2.5%)

MoA, migraine without aura; MA, migraine with aura.

standard dichotomous aural criteria, all patients’ ears (except
7 right ears and 5 left ears) fell in the normal ear category
with auditory thresholds better than 20 dB at 0.25, 0.5,
1.0, 2.0, 4.0 and 8.0 kHz. All patients’ ears had type (A)
tympanograms (except 2 right and 3 left ears) with normal
middle ear pressures and normal static compliance. Acoustic
reflexes were present bilaterally (but absent in 8 right ears
and 6 left ears) at 1 and 2 kHz threshold levels which did
not exceed 100 dB HL.

Table (3) showed the frequency of vestibular and audiologi-
cal symptoms in the studied group. In the control group, they
were present in 22.5% (n = 9) of individuals. In between the
attacks of migraine, patients reported the following vestibular
manifestations which included: dizziness (61.90%), rotatory
vertigo (28.57%), sense of imbalance (19.05%) and positional
vertigo (14.29%). While phonophobia (23.81%) and tinnitus
(19.05%) were the reported auditory manifestations. Dizzi-
ness was more frequent in patients with MoA while sense
of imbalance was more with MA. All patients with phonon-
phobia and/or tinnitus had dizziness and/or vertigo, abnormal
PTA and ENG findings.

Table (4) The frequency of electronystogmographic (ENG)
abnormalities in the studied group. Forty three (74.14%)
patients with migraine at lease one abnormality in ENG. In
the control group, abnormalities in ENG examination were
present in 15% (n = 6) of individuals. In between attacks
of migraine, dizziness (44.82%), rotatory vertigo (20.69%),
positional vertigo (10.34%) and sense of imbalance (13.79%),
post head shaking (31.03%) positioning and positional test
(20.67%), optokinetic nystagmus (24.14%), unilateral caloric
weakness (17.24%), pursuit (13.79%) and saccadic (8.62%)
eye tracking, gaze nystagmus (10.34%), spontaneous nys-
tagmus (5.17%) and directional preponderance (6.9%). Both
peripheral and central vestibular lesions were recorded in pa-
tients with migraine Patients with MA reported higher fre-
guencies of ENG abnormalities compared to MoA.

Table (5 and 6) showed that 28% of patients had one or
more ABR abnormalities in the form of: prolonged absolute
latency of wave Il and I-lll, 1V and |-V IPLs. In general and
compared to control subjects, patients with migraine re-
ported prolonged absolute latency of wave lll and I-V IPL
(particularly in MoA). No gender differences were identified

Table 4. The frequency of electronystogmographic (ENG) abnormalities in the studied group.

.. Patients

ENG abnormalities (n = 58)
Unilateral Caloric weakness (UW) 10 (17.24%)

Directional preponderance (DP) 4 (6.9%)

Spontaneous nystagmus with eye closed 3(5.17%)

Spontaneous nystagmus with eye open 3 (5.17%)
Gaze nystagmus 6 (10.34%)
Post head shaking 18 (31.03%)
Positioning and positional test 12 (20.67%)
Pursuit eye movement 8 (13.79%)
Saccadic eye movement 5 (8.62%)
Optokinetic nystagmus (OKN) 14 (24.14%)

MoA, migraine without aura; MA, migraine with aura

© Copyright iMedPub

MoA MA Control subjects

(n = 46) (n=12) (n=40)
10 (26.09%) 6 (50%) 0

4 (8.70%) 1(8.33%) 0

2 (4.35%) 3 (25%) 0

2 (4.35%) 3 (25%) 2 (5%)
3(6.52%) 3 (25%) 2 (5%)
18 (39.13%) 8 (66.67%) 0

7 (15.22%) 5 (41.67%) 1(2.5%)
6 (13.04%) 8 (66.67%) 1(2.5%)
4 (8.70%) 5 (41.67%) 1(2.5%)
14 (30.43%) 8 (66.67%) 1(2.5%)
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in ABR parameters. significant positive correlations between
(1) age and absolute latency of right wave | at low repetition
frequency rate (0.321; P = 0.018) and left I-V IPL at high rep-
etition frequency rate (0.269, P = 0.054), (2) the frequency of
migraine and ENG abnormalities (0.457; P = 0.012) and left
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I-V IPL at high frequency repetition rate (0.296, P = 0.045), (3)
duration of illness and ENG abnormalities (0.308; P = 0.042)
and right I-V IPL at high repetition frequency rate (0.349;
0.01), left absolute latency of wave Il (0.269; P = 0.047) and
left -V IPL (0.287; P = 0.036).

Table 5. Results of Auditory-brainstem response (ABR) at 90 dB HL at low and high repetition rate frequencies.

Patients Controls

Fre[?(lﬁezr]'ncy (n =58) (n=40) WioA WA P-value P-value P-value
Right Left Right Left Right Left Right Left
ABR at 90 dBHL at low repetition rate frequencies (milliseconds)
Absolute wave latencies

P2a =

0.559
Pla = P2b = Pda =
Wave 1 1.44-2.00 1.28-2.12 1.40-1.96 1.40-1.88 1.44-1.92 1.28-2.12 1.48-2.00 1.48-2.00 0.713 0.928 0.249
1.67+£0.13 1.66+0.17 1.69+0.19 1.65+0.16 1.66+0.12 1.66+0.16 1.73+0.16 1.67+0.20 Plb= P3a = P4b =
0.877 0.694 0.795

P3b =

0.777

P2a =

0.308
Pla = P2b = P4a =
Wave III 3.28-4.40 3.04-4.16 3.48-4.60 3.52-4.00 3.28-4.40 3.24-4.16 3.52-3.96 3.04-3.88 0.266 0.153 0.453
3.71+0.20 3.66+0.20 3.81+£0.30 3.74+0.15 3.72+0.21 3.67+0.19 3.68+0.13 3.60+0.25 Plb= P3a = P4b =
0.093 0.173 0.439

P3b =

0.127

P2a =

0.708
Pla = P2b = Pda =
Wave V 2.76-6.20 4.96-6.24 5.12-6.04 5.12-6.80 4.48-6.20 4.96-6.24 2.76-5.88 5.28-5.92 0.934 0.772 0.400
5.47+0.46 5.58+0.26 5.48+0.30 5.65+0.43 5.52+0.28 5.58+0.28 5.29+0.85 5.55+0.19 Plb= P3a = PAb =
0.730 0.493 0.639

P3b =

0.603

Interpeak latencies (IPLs)

P2a =

0.347
Pla = P2b = P4a =
-1l IPL 1.56-2.52 1.60-2.46 1.30-2.48 1.46-2.36 1.56-2.52 1.64-2.46 1.65-2.36 1.60-2.32 0.438 0.986 0.217
2.02£0.21 1.99£0.20 1.94+0.35 1.99+0.29 2.04£0.20 1.99+0.26 1.95+£0.22 2.01£0.26 Plb = P3a = PAb =
0.974 0.941 0.783

P3b =

0.849

P2a =

0.561
Pla = P2b = Pda =
-V IPL 0.56-2.48 1.28-3.04 1.44-2.16 1.48-3.72 0.56-2.48 1.28-3.04 1.44-2.08 1.64-2.20 0.435 0.896 0.374
1.80+0.27 1.93+0.25 1.74+0.24 1.96+0.57 1.79+0.28 1.94+0.26 1.86+0.23 1.88+0.177 Plb= P3a = P4b =
0.846 0.228 0.408

P3b =

0.665
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Absolute wave latencies

P2a =
0.477
Pla = P2b = Pda =
v pL  2-20-4.63 3.36-4.44 3.16-4.32 3.27-5.40 2.20-4.63 3.36-4.36 3.36-4.32 3.56-4.44  0.454 0.617 0.901
3.82+0.34 3.89+0.25 3.73+0.39 3.97+0.54 3.82+0.36 3.89+0.25 3.83+0.25 3.90+0.26 Plb= P3a = Pdb =
0.630 0.458 0.841
P3b =
0.716
ABR at 90 dBHL at high repetition rate frequencies (milliseconds)
P2a =
0.631
Pla=0655 F2b=  Pda=
Wave 1 1.40-4.00 1.28-2.40 1.60-1.96 1.52-1.92 1.40-4.00 1.28-2.20 1.44-2.08 1.50-2.40 P1b2 = 0.250 0.696
1.82+0.37 1.85+£0.20 1.79+0.14 1.72+0.14 1.82+0.41 1.78+0.19 1.79+0.18 1.82+0.24 0.180 P3a = Pdb =
’ 0.959 0.564
P3b =
0.213
P2a =
0.013
Pla = P2b = Pla =
Wave IlI 0.12-4.60 3.28-4.42 3.64-4.24 3.64-4.12 0.12-4.60 3.28-4.24 3.38-4.12 3.30-4.16  0.009 0.618 0.141
3.59+0.87 3.85+0.20 3.94+0.20 3.88+0.13 3.54+0.96 3.86+0.19 3.78+0.23 3.83+0.25 Plb = P3a = P1b =
0.531 0.103 0.734
P3b =
0.548
P2a =
0.074
P2b = Pda =
Wavey 3-56-6.44 506-6.60 5.52-6.34 5.52-6.96 3.56-6.44 5.06-6.60 5.44-6.16 557-6.04 P1la=0.074 0.338 0.410
5.72+0.48 5.82+0.28 5.90+0.26 5.94+0.39 5.70+0.53 5.82+0.30 5.79+0.23 5.79+0.16 P2 =0.306 P3a= Pdb =
0.275 0.661
P3b =
0.241
Interpeak latencies (IPLs)
P2a =
0.717
P1a = P2b=  Pda=
LimpL 1.56-5.68 1.64-2.52 1.68-2.44 176-2.44 156-5.68 1.64-2.52 1.64-2.20 176-232  gocg 0.182 0.310
2.13+0.54 2.05+0.20 2.11+£0.21 2.14+0.19 2.15+£0.60 2.05+0.19 2.04+0.20 2.04+0.22 P1b = 0171 P3a = PAb =
0.420 0.939
P3b =
0.286
P2a =
0.352
Pla= P2b = Pda =
-V IPL 1.20-2.32 0.08-2.48 1.80-2.24 1.80-2.28 1.20-2.00 0.80-2.48 3.72-4.32 1.68-2.16 0.354 0.366 0.312
1.94+0.20 1.92+0.34 1.97+0.14 1.98+0.15 2.62+0.53 1.91+0.38 1.96+0.17 1.93+0.14  Plb = P3a = P4b =
0.340 0.829 0.766
P3b =
0.469
P2a =
0.430
P2b = Pda =
1V IPL 1.92-5.56 2.24-4.76 3.70-4.52 3.94-4.40 1.92-4.00 3.56-4.76 2.20-4.63 2.24-4.32 P1=0.448 0.085 0.365
3.95+0.52 3.98+0.35 4.08+0.23 4.14+0.15 4.64+0.62 4.03+0.26 3.99+0.20 3.80+0.55 P2 =0.024 P3a= Pdb =
0.380 0.210
P3b =
0.074

Data are expressed as range and mean+SD (Standard deviation)

MoA, migraine without aura; MA, migraine with aura

Significance: P1a,b: patients versus controls (a = right, b = left); P2a,b: rMoA versus controls (a = right, b = left); P3a,b: MA versus con-
trols (a = right, b = left); P4a,b: MoA versus MA (a = right, b = left).
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Table 6. The frequency of Auditory Brainstem Response (ABR) abnormalities in the studied group.

Patients (n = 58)

Control subjects (n = 40)

ABR variable
Right ear (n = 58) Left ear (n = 58) Right ear (n = 40) Left ear (n = 40)
ABR at 90 dBHL at low repetition rate frequencies (milliseconds)
Absolute wave latencies
Wave 1 9 (15.5%) 10 (17.2%) 2 (5%) 3 (7.5%)
Wave IlI 4 (6.9%) 10 (17.2%) 2 (5%) 2 (5%)
Wave V 6 (10.3%) 2 (3.4%) 3 (7.5%) 3 (7.5%)
-1 IPL 6 (10.3%) 8 (13.8%) 2 (5%) 2 (5%)
I11-V IPL 15 (25.9%) 1(1.7%) 2 (5%) 2 (5%)
|-V IPL 16 (27.6%) 0 3 (7.5%) 3 (7.5%)
Interpeak latencies (IPLs)
ABR at 90 dBHL at high repetition rate frequencies (milliseconds)
Wave 1 11 (19%) 38 (65.5%) 3 (7.5%) 5 (12.5%)
Wave llI 15 (25.9%) 13 (22.4%) 2 (5%) 3(7.5%)
Wave V 10 (17.2%) 5 (8.6%) 4 (10%) 5 (12.5%)
[-111'IPL 32 (55.2%) 5 (8.6%) 3(7.5%) 3(7.5%)
I11-V IPL 12 (20.7%) 7 (12.1%) 4 (10%) 5 (12.5%)
[-V IPL 9 (15.5%) 10 (17.2%) 4 (10%) 5 (12.5%)
Discussion population, both migraine and vertigo are common with life-

Vestibular as well as auditory symptoms and signs are not
uncommon with migraine and may occur prior or during the
headache attacks or during a headache free interval (41).
However, little is known about the pathogenesis of these
manifestations.

In the present study, we have found a higher frequency of
symptoms of migraine-related-vertigo as dizziness (61.91%),
rotatory and positional vertigo (42.86%) and unsteadiness
(19.05%). In the literature vestibular symptoms were reported
in two-thirds of patients in which migraine related vertigo
was reported in 55% and 76% (5). Kayan and Hood (4) re-
ported that approximately half of patients with migraine had
vertigo while the other half had only giddy sensation. Cutrer
and Baloh (10) reported that 35% of patients with migraine
had vertigo and similar percentage had non-vertiginous diz-
ziness (severe imbalance, nausea and sensitivity to motion).
Cass et al. (42) reported dysequilibrium, light headedness
and imbalance in 79% and vertigo in 21% of patients with
migraine. Whitney et al. (13) found migraine related vestibu-
lopathy in 64%, among were 56% had symptoms of space
and motion disorders. Bayazit et al. (6) reported dizziness
in 30% followed by vertigo (25%) and tinnitus (20%). Neu-
hauser and Lempert (16) found 45.45% of patients with ver-
tigo had regularly migrainous headache, 48.48% and 6.06%
headache and vertigo never occurred together. In general
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time prevalence of about 16 % for migraine and 7 % for
vertigo. Therefore, a concurrence of the two conditions by
chance alone can be expected in about 1.1 % of the general
population. However, recent epidemiological evidences sug-
gest that the actual comorbidity is higher, (3.2%). This can
be explained by the fact that several dizziness and vertigo
syndromes occur more frequently in patients with migraine
than in controls including benign paroxysmal positional ver-
tigo, Meniere’s disease, motion sickness, cerebellar disorders
and anxiety syndromes (3,16). The differences between our
results and others in the percentage of vestibulopathy may be
attributed to the criteria used for the selection of the studied
populations or may be related to methodological differences
between laboratories.

In the present study, 74.14% patients with migraine had ab-
normalities in at least one of ENG tests as post head shaking,
positioning and positional test, OKN, UW, pursuit and sac
cadic tracking eye movements, gaze nystagmus, spontaneous
nystagmus and DP, indicating the presence of peripheral and
central lesion(s) in any of the vestibular pathway. The fre-
quency of migraine attacks and the duration of illness were
identified as important confounders associated with ENG ab-
normalities. Togli et al. (9) reported abnormal vestibular find-
ing in 80% of patients with MoA. Kayan and Hood (4) identi-
fied ENG abnormalities in of 77.5% of patients with migraine.
Cass et al. (41) reported abnormal results in at least one of
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the vestibular function tests in 73% with migraine related
vertigo. The authors observed abnormal caloric response in
55%, rotational vestibular test dysfunction in 42%, oculo-
motor test dysfunction in 29% and abnormal positional test
results in 19%. Dieterich and Brandt (12) reported that 66%
of patients with migraine showed mild central ocular motor
signs such as vertical (48%) and/or horizontal (22%) saccadic
pursuit, gaze-evoked nystagmus (27%), moderate positional
nystagmus (11%), and spontaneous nystagmus (11%) in the
attack free periods of migraine. Whitney et al. (13) reported
abnormal responses in ocular motor, rotational caloric and
positional testing in 92% of patients with migraine related
vestibulopathy and in 75% of migraine without vestibulopa-
thy. In accordance, Bir et al. (14) reported that 58% of the
patients with migraine and 55% of the patients with migraine
and vertigo had abnormal ENG findings. While Bayazit et
al. (6) reported lower percentage of ENG abnormalities. the
authors reported positive positional test (Hallpike maneuver)
was reported in 2 (10%) and bithermal caloric testing canal
paresis in 3 patients (15%).

In the present study, patients with MA had more vestibu-
lar abnormalities compared to patients with MoA. In accor-
dance, Savundra et al. (11) observed that patients with MA
and presented with vertigo commonly had both central and
peripheral vestibular findings. Harno et al. (15) detected ENG
abnormalities in 29% with MoA and with 33% in MA, on
the other hand, 17% patients with MoA had peripheral ab-
normalities while central abnormalities were more common
in MA and MoA.

In the present study, ABR showed abnormalities were re-
ported in 28% of patients in the form of prolonged abso-
lute latency of wave Il and I-lll, IlI-V and I-V IPLs. In general
and compared to control subjects, patients with migraine
reported prolonged absolute latency of wave Il and |-V IPL
(particularly with MoA). The frequency of migraine attacks
and the duration of illness were identified as important con-
founders associated with ABR abnormalities. Some authors
reported prolongation of the absolute latencies of waves |,
ll'and V and I-1ll, IV and |-V IPLs in 35% of patients with
migraine in between attacks (6). In the study of Dash et al.
(42), the authors observed that all patients with vertigo had
abnormalities the ABR as prolonged absolute latencies or/and
IPLs. Bayazit et al. (6) reported that 35% of their patients
with migraine had abnormal ABR results; 20% of them had
peripheral pathway involvement in the form of prolonged
absolute latencies of waves |, Ill and V but normal I-l1l, 11I-V
and |-V IPLs, while 15% of them had central pathway affec-
tion in the form of prolonged absolute wave latencies and
IPLs. While in contrast, Kochar et al. (43) reported significant
prolongation in ABR absolute and IPLs at the time of acute
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attack of migraine and disappeared after 7 days from the
attacks indicating reversible pathological changes in differ-
ent areas of the brain and brainstem. Some authors reported
prolonged absolute latency of wave V and I-V IPL during the
headache attach indicating transient impairment of the audi-
tory brainstem function (44).

In the present study, phonophobia (23.81%) and tinnitus
(19.05%) were the auditory symptoms reported in patients
with migraine but none of the patients had manifest hearing
impairment. All patients with phononphobia and/or tinnitus
had dizziness and/or vertigo, ENG findings and abnormal
pure tone audiometry (PTA). Similarly several investigators
reported nearly the same results. Baloh (5) reported that
photophobia was the most common auditory symptoms but
fluctuating and acute permanent hearing loss occurs in a
small percentage. Kayan and Hood (4) reported sensorineu-
ral hearing loss in 18%. Another two studies on migraine
related vestibulopathy reported that hearing loss is rare and
it is difficult to be related to migraine alone (10,42). Harno
et al. (15) found that only 5.56% of their patients with vari-
ous types of migraine had sensorineural hearing loss. Battista
(28) reported normal audiometric findings in patients with
migraine associated dizziness.

The exact pathogenesis of vestibular and auditory involve-
ment in migraine remains unknown, however possibilities
include: First: This and other studies indicate that migraine
process may involve any level of the vestibular peripheral or/
and central (cortical, subcortical and brainstem) pathways or
systems and this is responsible for the observed ictal and
interical vestibular and auditory manifestations with migraine
4,5, 25, 27, 30, 31, 32, 33, 34, 36, 37), in support: a) a cor-
tical and possibly subcortical dysfunction of which the hall-
mark is deficient habituation were observed with MoA and
MA in electrophysiologic studies (as evoked cortical potential,
nociceptive blink reflex studies and during repetitive electri-
cal stimulation), indicating interictal abnormal processing of
repeated stimuli in the reflex circuit or labyrinthine or corti-
cal hyperexcitability (25, 30). In addition, excitability changes
in visual, parietal and temporal cortices were also observed
with transcranial magnetic stimulations (TMS) (29, 34). Fur-
thermore, b) It is well known that the vestibular nuclei receive
noradrenergic fibers from the locus coeruleus (40) and sero-
tonergic afferents from the dorsal raphe nucleus (45). Thus it
is likely that activation of these pathways, could also activate
central vestibular processing (46), and ¢) The reciprocal con-
nection of vestibular nuclei and trigeminal nucleus caudalis
may provide a close link between vestibular and vascular-
trigeminal processing during migraine attacks and trigeminal
inner ear sensory innervation may explain the peripheral ves-
tibular and auditory manifestations in patients with migraine
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(47). Second: The calcium channels are primarily expressed
in the brain and inner ear and thus their defect could lead
to reversible hair cell depolarization, leading to auditory and
vestibular symptoms (5). The recent discovery of a mutation
in a brain calcium-channel gene in families with hemiplegic
migraine and in families with episodic vertigo and ataxia sug-
gests a possible mechanism for vestibular and auditory symp-
toms in patients with more common varieties of migraine. In
addition, neurophysiological methods have revealed subclini-
cal abnormalities of cerebellar function and neuromuscular
transmission, which may improve the genetic and therapeutic
studies in phenotyping of patients with migraine (30). Third:
It has been observed that migraine prophylactic treatment
shows encouraging results in patients with, 69.3% had sat-
isfactory control of symptoms (sum of complete resolutions
and substantial controls) and 81.8% had at least a 50% re-
duction of the vertiginous episodes frequency (47). Topira-
mate (TPM) (an antiepileptic medication) is a safe, effective,
and well-tolerated drug which shows reduction of both mi-
graine and migraine-related vertigo manifestations (48, 49)
and as prophylaxis of migraine and migraine-related vertigo
and other vestibular symptoms (50). Topiramate blocks volt-
age-sensitive sodium channels and voltage-activated calcium
channels, inhibits glutamate release, and increases GABA lev-
els (51-53). Forth: It has been suggested that short duration
vertigo may be related to vasospasm-induced ischaemia of
the labyrinth and repeated episodes may lead to irreversible
damage (38). This is further supported by the association
of other neurologic phenomena with migraine as amaurosis
fugax, hemiplegia, facial pain, chest pain, and visual aura
suggesting that vasospasm of the cochlear vasculature is the
cause of the sudden hearing loss in patients with migraine
4,5, 27, 32, 37).

To summarize, the results of this study indicate that: 1) In
between the attacks of migraine, migraine related vertigo (as
dizziness, vertigo and sense of imbalance) are more frequent
symptoms compared to the less common auditory symptoms
(as phonophobia and tinnitus). Also patients with migraine
have frequent abnormalities in ENG (as post head shaking,
positioning and positional test, OKN, UW, pursuit and sac
cadic tracking eye movements, gaze nystagmus, spontaneous
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nystagmus and DP) and ABR (as prolonged absolute wave
latencies and IPLs) compared to the less common abnormali-
ties in basic audiological examination, 2) The frequency of
migraine attacks and the duration of illness were identified
as important confounders associated with ENG and ABR
abnormalities, and 3) The beginning of vestibular and au-
ditory symptoms after the beginning of migraine headache
suggests that the disease process involves any level of the
vestibular peripheral or/and central pathways or systems and
over a period of time the chronicity of the disease process
may be responsible for changing the reversible to irreversible
lesions of the vestibular peripheral or/and central pathways
or systems.

However and despite the importance of the results of this
study, there are some limitations which include: 1) relatively
small number of patients, and 2) due to the cross-sectional
design of this study, the temporal relationship between ap-
pearance of vestibular dysfunction and migraine attacks is
unknown.

Conclusions

Vestibular dysfunctions are frequently associated with mi-
graine in between the headache attacks. The frequency of
migraine and duration of illness are important confounders.
Our results indicate that chronic migraine may result in irre-
versible damage at any level of the vestibular peripheral and/
or central pathways or systems.
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