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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 (51) subjects, the study group consisted of (15) subjects with VM according to the 

diagnostic of c criteria ICHD-3, 3553. Results: The most frequent VAT abnormality was in the 

vertical gain (15 %), followed by the horizontal gain (15 %) and finally the VAT asymmetry (55 

%).Results showed that the VM group had statistically lower horizontal gain in frequencies 

higher than 5.4 Hz. Moreover, VM group had lower vertical gain in the frequencies from 3 Hz to 

3.6 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 Menière’s disease 

(Neuhauser et al., .3555; Lempert and 

Neuhauser, 3556). 

 

VM is diagnosed on the basis of the history 

and clinical information. The international 

Classification of Headache Disorder (ICHD-

3, 3553) proposed diagnostic criteria for VM. 

These diagnostic criteria are: (5) at least five 

episodes of moderate or severe intensity 

vestibular symptoms, (3) current or past 

history of migraine without aura or migraine 

with aura, (3) at least 157 of the episodes are 

associated  with at least one of the three 

migrainous features: (a) headache with at 

least two of the following four 

characteristics: unilateral location, pulsating 

quality, moderate or severe intensity  or 

aggravation by routine physical activity, (b) 

photophobia and/or phonophobia and (c) 

visual aura (5) and the symptoms are not 

accounted by another vestibular disorder or 

another diagnosis listed in the international 

classification of headache disorder, 3rd 

version. 

 

VOR abnormalities have been based on low 

frequency range (below than 5Hz) 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 (3-5 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 (51) subjects were chosen 

to be age and sex matched with those in the 

study group. Age range between (33) and 

(55) years old. They were three males and 53 

females. The study group consisted of (15) 

subjects with VM according to the diagnostic 

criteria. Group of VM patients had mean age 

of (31.3) and age range between (33) and 

(11) years old. They were nine males and 55 

females. According to ICHD-3, 3553, 

 

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, 

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 3 Hz to 1.6 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 (15 %), 

followed by the horizontal gain (15 %) and 

finally the VAT asymmetry (55 %).   

 

Table 1: Percentage of VAT abnormalities in VM group. 

 

  H. Gain  V. Gain   H. Phase  V. Phase  Asymmetry 

% of abnormality  34/15 (157)    35/15 (157) Zero % Zero% 1/15 (55 %) 

H= horizontal     V= vertical  

 

Table (3-1) 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 

statistically lower horizontal gain in 

frequencies higher than 5.4 Hz. Moreover, 

VM group had lower vertical gain in the 

frequencies from 3 Hz to 3.6 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 8: Comparison between the control group and VM group, in addition to the 

independent sample median test as regards horizontal gain.  

 

Table (1): Comparison between the control group and VM group, in addition to the 

independent sample median test as regards vertical gain.  

Horizontal gain  in Hz 8Hz 8.1 8.2 1.1 1.1 1.3 1.1 1.2 1.1 1.1 1.3 

Mean 

Control 

group 5.66 5.66 5.64 5.65 5.65 5.63 5.56 5.51 5.55 5.54 5.55 

VM 

group 5.56 5.55 5.55 5.54 5.55 5.55 5.55 5.53 5.45 5.43 5.43 

Min 

Control 

group 5.53 5.55 5.5 5.45 5.45 5.45 5.55 5.55 5.41 5.46 5.45 

VM 

group 5.51 5.55 5.4 5.53 5.53 5.16 5.15 5.53 5.15 5.15 5.13 

Max 

Control 

group 5.55 5.54 5.5 5.5 5.54 5.5 5.54 5.61 5.65 5.55 5.51 

VM 

group 5.55 5 5.53 5.55 5 5.56 5.55 5.55 5.55 5.53 5.53 

SD 

Control 

group 5.55 5.53 5.55 5.53 5.51 5.53 5.53 5.53 5.55 5.54 5.55 

VM 

group 5.56 5.56 5.55 5.55 5.53 5.55 5.55 5.53 5.51 5.55 5.55 

Median 

Control 

group 5.65 5.65 5.61 5.65 5.65 5.65 5.56 5.6 5.55 5.51 5.55 

VM 

group 5.55 5.65 5.6 5.55 5.54 5.551 5.551 5.531 5.45 5.4 5.55 

P value 5.355 5.355 5.531 .66 5.554 5.535 5.535 5.163 5.353 5.53 5.5.53 5.53 

vertical gain  in Hz 8Hz 8.1 8.2 1.1 1.1 1.3 1.1 1.2 1.1 1.1 1.3 

Mean 

Control 

group 5.61 5.64 5.64 5.65 5.65 5.65 5.65 5.65 5.61 5.65 5.55 

VM 

group 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.6 5.6 5.5 

Min 

Control 

group 5.6 5.55 5.55 5.55 5.45 5.43 5.43 5.43 5.45 5.53 5.65 

VM 

group 5.11 5.16 5.5 5.5 5.16 5.55 5.16 5.13 5.4 5.55 5.55 

Max 

Control 

group 5.64 5.55 5.53 5.55 5.55 5.53 5.54 5.56 5.53 5.61 5.55 

VM 

group 5.51 5.5 5.53 5.55 5.54 5.66 5.65 5.65 5.54 5.53 5.53 

SD 

Control 

group 5.53 5.51 5.54 5.55 5.55 5.53 5.53 5.55 5.53 5.55 5.55 

VM 

group 5.5 5.3 5.3 5.3 5.3 5.5 5.5 5.5 5.5 5.5 5.5 

Median 

Control 

group 5.65 5.66 5.65 5.64 5.65 5.66 5.55 5.54 5.65 5.61 5.551 

VM 

group 5.461 5.45 5.45 5.431 5.431 5.45 5.51 5.53 5.551 5.63 5 

P value  5.53 5.53 5.53 5.53 5.53 5.53 5.55 5.353 5.55 5.536 5.66 
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Table (1): Comparison between the control group and VM group, in addition to the 

independent sample median test as regards horizontal phase. 

 

 

 

Table (1): Comparison between the control group and VM group, in addition to the 

independent sample median test as regards vertical phase. 

 

 

  

Horizontal phase in Hz 8Hz 8.1 8.2 1.1 1.1 1.3 1.1 1.2 1.1 1.1 1.3 

Mean 

Control 

group 551.4 555.5 555.5 555.5 556.6 555.3 551.5 555.5 555.5 565.5 565.5 

VM group 554.46 556.56 

563.5

5 

565.5

5 

565.5

1 

565.5

5 

564.5

4 

565.5

3 

566.5

5 

355.5

5 

565.3

5 

Min 

Control group 555.4 555.3 553.4 553.3 3.5 541.6 543.5 555.5 511.4 555.5 555.5 

VM group 555 543.1 541.5 543.5 545.3 556.5 551.4 556.3 553.5 555.5 515.3 

Max 

  Control group 551.5 555.5 555.5 555.5 555.1 555.3 551.5 555.5 555.5 566.5 565.5 

VM group   353.5 356.1 355.6 331.5 335.5 355.4 311.1 351.5 364.3 355.3 353.6 

SD 

Control group 5.5 5.5 5.5 3.3 43.5 1.1 4.1 5.5 55.4 4.5 5.5 

VM group 6.55 6.54 55.35 53.63 51.56 56.15 33.35 35.55 35.51 34.15 51.15 

Median 

Control group 551.5 551.4 555.4 553.5 555.1 541.6 543.5 555.5 511.4 566 555 

VM group 554.6 554.1 

565.5

1 556.6 563.5 565.5 

556.1

1 

556.3

1 565.5 563.4 553.5 

P value      5.355 5.555 5.531 5.533 5.353 5.353 5.66 5.365 5.66 5.66 5.163 

vertical phase  in Hz 8Hz 8.1 8.2 1.1 1.1 1.3 1.1 1.2 1.1 1.1 1.3 

Mean 

Control 

group 551 555.3 554.5 555.55 565.55 563.45 561.65 565.55 355.541 353.331 353.4 

VM 

group 553.35 555.55 555.45 555.51 555.35 556.46 555.65 563.65 556.61 566.35 355.33 

Min 

Control 

group 545.5 555 555.1 553.3 551.3 554.3 556.1 563.1 565.5 565.6 563.3 

VM 

group 553 543.3 556 514 554.3 555.5 553.5 516 516.5 563.3 355 

Max 

Control 

group 563.3 565.4 561.1 565.5 355.4 355.4 353.4 355.5 356.5 355.5 354.6 

VM 

group 565.3 565.5 563.5 565.1 355 356.3 353.5 356.5 351.6 335.5 355.5 

SD 

Control 

group 5.45 5.65 5.55 5.55 1.53 5.54 5.33 5.45 1.55 5.15 6.55 

VM 

group 5.33 5.35 1.33 5.35 5.53 55.53 55.55 53.55 55.55 6.53 5.55 

Median 

Control 

group 551.5 555.5 554.5 555.5 565 565.4 565.6 565.5 565 566.4 

 

 

VM 

group 553.11 551 553.5 555.5 555 556 556 565 554.5 561.5 355.5 

P value  5.535 5.553 5.555 5.535 5.556 5.355 5.553 5.516 5.151 5.353  
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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 5.4 Hz. 

Moreover, VM group h ad lower vertical gain 

in the frequencies from 3 Hz to 3.6 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., 3555) and 

Ménière's disease (Radtke et al., 3553) 

Curiously, both BPPV and Ménière's disease 

also have been associated with vertical 

abnormalities on VAT
®
 (O'Leary and Davis, 

5665; Belafsky et al., 3555) In these studies, 

BPPV was associated with abnormal vertical 

phases and Ménière'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., 5653) we 

can speculate that perhaps a common link to 

vestibular symptoms and migraine may be an 

abnormality of the vertical 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. 

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. 
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