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Abstract

Objective: To investigate the high-frequency vestibulo-ocular reflex (VOR) in patients with
Vestibular migraine (VM). Background: VM is a common cause of dizziness. Although many
vestibular testing abnormalities have been documented in VM patients, high-frequency VOR
abnormalities have not been reported. Methods: Sixty five subjects were studied with the
vestibular autorotation test (VAT®), involving a control group and study group; the control group
consisted of (Y °) subjects, the study group consisted of (°+) subjects with VM according to the
diagnostic of ¢ criteria ICHD-Y, Y+ 1Y, Results: The most frequent VAT abnormality was in the
vertical gain (1 %), followed by the horizontal gain (°¢ %) and finally the VAT asymmetry ()
%).Results showed that the VM group had statistically lower horizontal gain in frequencies
higher than ¢.Y Hz. Moreover, VM group had lower vertical gain in the frequencies from ¥ Hz to
¥.4 Hz. On the other hand, no statistical significant difference between the two groups as regards
the horizontal and vertical phase. Conclusions: The results suggest that patients with VM may
have an abnormal vertical VOR at higher head movement frequencies.
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Introduction

Vestibular migraine (VM) is largely accepted
in the vestibular community and represents
the second most common cause of vertigo
after benign positional vertigo and the most
common cause of spontaneous episodic
vertigo, by far exceeding Meniére’s disease
(Neuhauser et al., .Y+:%; Lempert and
Neuhauser, Y+ +9).

VM is diagnosed on the basis of the history
and clinical information. The international
Classification of Headache Disorder (ICHD-
Y, YY) proposed diagnostic criteria for VM.
These diagnostic criteria are: (V) at least five
episodes of moderate or severe intensity
vestibular symptoms, (Y) current or past
history of migraine without aura or migraine
with aura, (¥) at least ©+7 of the episodes are
associated with at least one of the three
migrainous features: (a) headache with at
least two of the following four
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characteristics: unilateral location, pulsating
quality, moderate or severe intensity or
aggravation by routine physical activity, (b)
photophobia and/or phonophobia and (c)
visual aura (¢) and the symptoms are not
accounted by another vestibular disorder or
another diagnosis listed in the international
classification of headache disorder, Yrd
version.

VOR abnormalities have been based on low
frequency range (below than YHz) as caloric
and rotary chair testing. Both tests evaluate
the VOR in non-physiologic range of
frequencies. Testing the VOR at higher and
more physiologic range of frequencies may
be more sensitive in the diagnosis of VOR
abnormalities in VM patients. VAT evaluates
the VOR at high frequencies (Y-1 Hz). In
addition, it evaluates the VOR in the
horizontal and vertical planes, which is
another advantage over the caloric and rotary
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chair testing. Abnormalities of these VOR
parameters, however, have never been
documented in VM patients. Here, we present
a group of VM patients studied with the
vestibular autorotation test (VAT®), a test of
the high-frequency horizontal and vertical
VOR.

Materials and methods

This was a prospective study involving a
control group and study group; the control
group consisted of ()°) subjects were chosen
to be age and sex matched with those in the
study group. Age range between (YY) and
(£¢) years old. They were three males and ¥
females. The study group consisted of (¢+)
subjects with VM according to the diagnostic
criteria. Group of VM patients had mean age
of (¥e.Y) and age range between (YY) and
(¢°) years old. They were nine males and ¢
females. According to ICHD-Y, Y\ ¥,

Subjects participated in the current study
were examined after taking an oral consent
following detailed explanation of the study
procedure. The study was approved by the
research ethical committee in  Minia
University.

All patients were tested with the VAT®
(Western Systems Research, Inc., Pasadena,
CA). The VAT® is a computerized device,
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which consists of a headband with a built-in
accelerometer for measuring head movement
as well as electrodes for measuring eye
movements. Five electrodes are placed
around the eyes: two vertical electrodes, two
horizontal electrodes, and one reference
electrode. During testing, the patient fixates
on a wall target in a dimly lighted room. A
tone is generated by the computer and the
subject moves his or her head at the same
frequency as the tone. The tone begins at a
low frequency, and then  becomes
progressively faster. The eye and head
movements are recorded simultaneously by
the computer. Three trials each for horizontal
and vertical testing are completed. The
software calculates two values for vertical
and horizontal head-eye movements: gain and
phase. The gain is the amplitude of head
movement compared to the amplitude eye
movement. The phase is the timing of head
movement compared to eye movement.

Results

Frequency ranges from Y Hz to ©.% Hz were
evaluated. The data obtained from the VM
patients were compared to the normative data
from the control group using the independent
sample median test. The most frequent VAT
abnormality was in the vertical gain (¢ %),
followed by the horizontal gain (°¢ %) and
finally the VAT asymmetry () + %).

Table \: Percentage of VAT abnormalities in VM group.

H. Gain V. Gain

H. Phase V. Phase Asymmetry

% of abnormality [YV/o+ (°£7) [YA/o. (oY)

Zero % Zero% o/o+ (Y« %)

H= horizontal V= vertical

Table (Y-°) show minimum, maximum,
mean, SD, P value and median of both the
horizontal and vertical gain, horizontal and
vertical phase of the control group and VM
group. The tables also show the independent
sample median tests to compare between the
two groups as regards the gain and phase.
Results showed that the VM group had
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statistically lower horizontal gain in
frequencies higher than ¢.Y Hz. Moreover,
VM group had lower vertical gain in the
frequencies from Y Hz to Y.% Hz. On the
other hand, no statistical significant
difference between the two groups as regards
the horizontal and vertical phase.
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Table Y: Comparison between the control group and VM group, in addition to the
independent sample median test as regards horizontal gain.

Horizontal gain inHz YHz | Y.¥ | Y.V | ¥\ v.e v.a £y Y o) 0.0 .4
Control
group ~“\‘\ ..ﬁﬁ ..ﬁ\/ ~.Q2 ~.Q/\ ~'QY .'/\ﬁ ~'/\° ~'/\/\ ~'/\V n/\'\
VM
Mean group A4 AN | VAN G AY o AE AT o AE o AY A A VY
Control
group ~‘/\V n/\\ ~./\ ~.V/\ ~.VT ~'Vi ~'~1~1 ~'~1\ ~'V° ~'Vq ~.V'\
VM
Min group e AT AN Y Ay e et | AT ] veE | L) Kl
Control
group Y Ve YAY | ) Y VY 1 (R 20 R V- T BN E O I SR Yy .o
VM
Max group Voo \ AN SN R R \ V.4 Yoo Yoo Yoo Y oF YooY
Control
group v Y )Y AR Y o Y VY Y oA Y e Ve
VM
SD group 09 L N T AR AT BT S R S R e N - IR AR
Control
group gﬁ‘ ~.q-l ~.q0 ~.Q\ ~.q-l ~'Q\ .'/\ﬁ .'ﬁ ~'/\/\ ~'/\0 n/\'\
VM
Median group AN <0 « 4 AN CAY | v AT | v AYe | v AYe | e YT Y 1
Pvalue ~‘V\\ ~‘V\\ ~.TY‘° .ﬂﬂ g‘l\\/ g‘lY/\ g‘lY/\ ~,0‘W ~'Y/\Y ~'~V ~‘~.~T‘ Y
Table (¥): Comparison between the control group and VM group, in addition to the
independent sample median test as regards vertical gain.
vertical gain in Hz| YHz | Y.¥ AR LA v v.4 £,y £V o) 8.0 .4
Control
group « do < Av < Av <At <At < AA < AA A « o <) AIER
VM
Mean | group <A <A <A <A <A <A <A <A <A <A V.o
Control
group . A AN v AE o A A VY A VY A o AY <A
VM
Min group | -.°° | ..°% < < AN R <04 | oY .V « A1 < AL
Control
group | .4y | ) Yoor YT YT LYY | Yy oy ea oYy 40 Y )
VM
Max group y..0 A YooY Yo A VY +.99 <A1 AT A% AN YooY
Control
group ~'.V v 20 % A ~.\~ ~\Y’ -\Y‘ ~\i n\Y !'h-L h_\n
VM
SD group ) A Al Al A .) . ) .) ) .)
Control
group | <87 | «8% | G AA | LAY [ G 8A | s T VY | WA ] vl 1) e
VM
Median group g\’ﬁo ~‘V1 ~‘V1 ~_VT’° ~_VY° ~‘V1 ~'/\° ~‘/\\~ ~‘/\T° ~“\Y \
P value S A NS B S B N Y | v A e YeY oA gy | L ad
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Table (¢): Comparison between the control group and VM group, in addition to the

independent sample median test as regards horizontal phase.

patients

Horizontal phase inHz | YHz | Y.¥ Y.V Y y.o v.A £y £y .\ 0.0 0.4
Control
group YASY VAT v | YATY [ VAT | Y£R8 | YATY | YAeE | YA E [ YAY T | YA T | Y.
YAY [ YA [ YAt e [ At [ yavy [ YaAe [ Y39 [ Yoo A | YAAY
Mean VM group YAY V4|A4 14 A ¢ ° 1 Y A\t ) ¢ \
Contro|gr0up VALY VALY YAY Y YAY Y YA Yvo 4 YVYY € YT A YooV YA€ YA€
Min VM group YUY [YvYe [ yve s [ avy e [ avey [ e [ ytey [ yvaxy [ yIvA [ Yo A [ Yoey
Contr0|group YA A DA . VAT YAT YAY 0 YATY YAo ¢ YA€ YAY R Y44 . Y4 e
Max VMgroup |Y«¥.1|Y«d0 | YY1 4 | YYo ) | YV& & | YEgY | Yoo o | YASA | YAVY | Y1 Y | YIYA
Control group| *.1 Yoo ‘. AR Yo °.0 v.e At VeV v.a A
SD VMagroup | 4.+€ | QY | DY Y AY [ Ve Nd | Y4 eE | YYYE | YV EA | YU ee | YV OA | f00.
Control group | YAS.A [ YA Y| VALY | YAY T | YA Y e | IVe d | \WY £ | V1T A | Yooy Y449 YA
V4. ¢ YA e | VALY
Median | VM group | YAY.4 |)Ave o YAA [ YAYY | YAy o o | YAYY | VATV | VAY £
P value XN [ et e aye [y ey [ orey [ 098 REF R «.44 .04y
Table (¢): Comparison between the control group and VM group, in addition to the
independent sample median test as regards vertical phase.
vertical phase inHz YHz AR AR Y. Y.e Y. £y £V e\ 0.0 °.4
Control
group YAo YATY | YAV E | YAAAE | YAV V6 | YAY VE | Y40 9A [ YAAAT | Yeu £VO | YaY YYO [ Y.TV
VM
Mean group YAY Yo [ YAE AN [ YAY Yo [ YA 0 | YATYY | YAA VA | YAA 4. | YAy A€ YAQ 40 149.Y1 | Yoo VY
Control
group | )YAA YA YAY.0 | YAYY | YAOY | YAYY | YAd0 | VaYe LR Y9A.4 yqy ¥
VM
Min group yy yVY Y Y14 yov YIVLY |yt | v o4 yoq 1 yayy Yoo
Control
group | VAY.Y [ Y4V | Yde e | VAT A | YooV | YOV Y | XYY | YagA Y4 Yyen YyVA
VM
Max group | YAVY | VAL A [ vavE | e Yoo Yeq ¥ | Yere | Yean Yye A YY) Yoot
Control
group £V £9) €A £ EA oY £AY £YY £V o tt 1.0A 9.1
VM
SD group 1YY £V oYY AY ALY Yo £ | YeA | Y. YE A 9.y AR
Control
group | YAe) | YATT | YAV A | YAAA Y4, Ya.v | Yagq | va YA Y44y
VM
Median | group YAY o0 YAo YAY 1 YA YAA YASQ YASQ Y41 YAV Y Y40 ) Yool
P value OYA Y DRRR DAL v oA DA v )Y v 208 v o0¢0 Y EY
VA Vestibular Autorotation Test (VAT) in vestibular migraine




MJIMR, Vol. YA No. Y, Y+\V, pages (\V¥-\VV).
al.,

Discussion

The VAT® test provides five categories of
information (i) horizontal gain, (ii) horizontal
phase, (iii) asymmetry, (iv) vertical gain, and
(v) vertical phase. Our data demonstrate that
the VAT® abnormality associated is that the
VM group had statistically lower horizontal
gain in frequencies higher than ¢.V Hz.
Moreover, VM group h ad lower vertical gain
in the frequencies from Y Hz to ¥.4 Hz. On
the other hand, no statistical significant
difference between the two groups as regards
the horizontal and vertical phase. VM has
been associated with both benign positional
vertigo (BPPV) (Ishiyama et al., Y+++) and
Méniére's disease (Radtke et al., Y:«:Y)
Curiously, both BPPV and Méniére's disease
also have been associated with vertical
abnormalities on VAT® (O'Leary and Davis,
Y44.; Belafsky et al., Y+ +) In these studies,
BPPV was associated with abnormal vertical
phases and Méniére's was associated with
abnormal vertical gains. Given the fact that
VM clearly is associated with the early onset
of motion sickness (Barabas et al., Y4AY) we
can speculate that perhaps a common link to
vestibular symptoms and migraine may be an
abnormality of the wvertical VOR. To
appreciate the influence of the vertical VOR
on visual stability.

Conclusions

One dilemma in studying the vertical VOR,
particularly at higher frequencies, is the fact
that only two types of tests are available for
evaluating this reflex: autorotation testing, of
which the VAT® test is an example, and
dynamic visual acuity (DVA). DVA is a
functional test of changes in visual acuity that
occur during head movement. Although DVA
provides valuable subjective information
about visual blurring, only autorotational
testing provides objective physiological data.
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We feel that further studies of the VOR with
both autorotational and DVA may lead to a
better understanding VM, particularly those
associated with head movement.

References

V. Barabas G, Matthews WS, Ferrari M.
Childhood  migraine and  motion
sickness. Pediatrics. YAAY;VY: YAAY Q.

Y. Belafsky P, Gianoli G, Soileau J, Moore
D, Davidowitz S. Vestibular autorotation

testing in  patients with  benign
paroxysmal positional vertigo.
Otolaryngol Head Neck Surg. Y«::;
YYYI Ty,

Y. International Headache Society
Classification Subcommittee (Y VY):

The international classification of
headache disorders. Y™ edition (beta
version). Cephalalgia YY:1Y4-A+A

¢, Ishiyama A, Jacobson KM, Baloh RW.
Migraine and benign positional vertigo.
Ann Otol Rhinol Laryngol. Y:«+;Y+4:
FYY-FAL

°, Lempert T., Neuhauser H. (Y+«+9)
Epidemiology of vertigo, migraine and
vestibular vertigo. J Neurol Yo&1: Y¥Y—
YYA,

1. Neuhauser H.K., Radtke A., wvon
Brevern M., Feldmann M., Lezius F.,
Ziese T., et al., (Y:+1) Migrainous
vertigo: Prevalence and impact on
quality of life. Neurology 1V:):YA-
Yavy,

V. O'Leary DP, Davis LL. Vestibular
autorotation testing of Meniere's disease.
Otolaryngol Head Neck Surg. Y34+;V.¥:
VY,

A. Radtke A, Lempert T, Gresty MA,
Brookes GB, Bronstein AM, Neuhauser
H. Migraine and Meniere's disease: is

there a link? Neurology. Y+« Y;09: YV .-
YWt

Vestibular Autorotation Test (VAT) in vestibular migraine
patients



