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INTRODUCTION
The vestibulo-ocular reflex (VOR) is one of the main balance-protection mechanisms, which stabilizes visual images on the retina 
to ensure unblurred vision during horizontal and vertical head movements, especially at frequencies >2 Hertz (Hz). There is no 
other mechanism that could detect head rotations at these high frequencies. To enable this function, VOR produces compensatory 
eye movements in the direction opposite to that of the head movement. When an acute vertigo attack occurs, labyrinthine inputs 
are assumed to cease suddenly. Then, compensation commences to develop for static condition initially and dynamic conditions 
thereafter. However, during the compensation period, symptoms of decompensated labyrinthine disorder may persist and contin-
ue to disturb the patient even after resolution of the vertigo attack. This condition may be observed in Meniere’s disease, vestibular 
neuritis, or labyrinthitis [1, 2]. The symptoms are mostly motion-provoked dizziness and disequilibrium during this period. A detailed 
neuro-otological examination can reveal subtle findings that may be overlooked during the course of the disease. If there is a 
strong right–left asymmetry in the VOR as in an acute vertigo attack, this condition presents with spontaneous nystagmus [3]. Later, 
the spontaneous nystagmus disappears, and head-shaking nystagmus may be seen. When a minimal difference remains (minimal 
VOR deficiency or even no VOR deficiency), only obvious or subtle positional nystagmus persists. This stage is a transitional period 
between statically compensated disease and dynamically decompensated disease. Examining eye movements in the positional 
test and caloric test is helpful in recognizing this decompensated stage with positional nystagmus and unilateral weakness [4]. Being 
able to recognize a decompensated disease is of importance because these patients need medical treatment and vestibular reha-
bilitation exercise.

OBJECTIVES: The purpose of this study is to investigate the effectiveness of the high-frequency rotational test for discrimination of patients with 
decompensated from those with compensated Meniere’s disease.

MATERIALS and METHODS: Patients with unilateral Meniere’s disease were divided into two groups (compensated and decompensated), based 
on the presence of clinically significant positional nystagmus as a determinant of the compensation status. All patients and subjects underwent 
pure tone audiometry, video nystagmography, and the vestibular autorotation test (VAT). The gain, phase, and asymmetry values of VAT were 
evaluated to range between 2 and 6 Hz.

RESULTS: Phase values of horizontal vestibulo-ocular reflex (VOR) at 2.0, 2.3, and 2.7 Hz were significantly higher in the decompensated group 
(p<0.05). There was no significant difference in gain values, phase values, of vertical VOR and horizontal asymmetry values.

CONCLUSION: Our study confirmed that horizontal phase values were determined as sensitive markers in VAT to discriminate decompensated 
from compensated Meniere’s disease.

KEYWORDS: Endolymphatic hydrops, labyrinth diseases, vestibular diseases

Mert Cemal Gökgöz , Bülent Satar , Yusuf Hıdır , Aykut Ceyhan , Volkan Kenan Çoban 
Department of Ear Nose and Throat, Gülhane School of Medicine, Ankara, Turkey (MCG, BS, VKÇ)
Clinic of Ear Nose Throat, Private Egepol Hospital, İzmir, Turkey (YH)
Department of Ear Nose and Throat, Dumlupınar University School of Medicine, Evliya Çelebi Training and Research Hospital, Kütahya, Turkey (AC)

ORCID iDs of the authors: M.C.G. 0000-0001-8389-5601; B.S. 0000-0002-1079-2393; Y.H. 0000-0002-8051-2887; A.C. 0000-0002-6788-2955; V.K.Ç. 
0000-0002-7158-8003.

Cite this article as: Gökgöz MC, Satar B, Hıdır Y, Ceyhan A, Çoban VK. Recognizing Decompensated Meniere’s Disease Using High Frequency Rota-
tional Test. J Int Adv Otol 2020; 16(2): 165-70.

This study was presented at the EAONO/8th Instructional Workshop of the European Academy of Otology and NeuroOtology Including Consensus in 
Auditory Implants, January 18-21, 2017, Izmir, Turkey.

Content of this journal is licensed under a
Creative Commons Attribution-NonCommercial

4.0 International License. 

http://orcid.org/0000-0001-8389-5601
http://orcid.org/0000-0002-1079-2393
http://orcid.org/0000-0002-8051-2887
http://orcid.org/0000-0002-6788-2955
http://orcid.org/0000-0002-7158-8003


It is well known that the caloric test yields low-frequency stimulation 
for the labyrinth. Daily head movements are at much higher frequen-
cies, and so the caloric test results may not be consistent with symp-
tomatology. The vestibular autorotation test (VAT) is a testing tech-
nique investigating the head and eye movements at high frequencies 
(2 to 6 Hz). Both the vertical and horizontal VOR responses can be 
detected in this method. Eye movements are recorded by electro-oc-
ulography. Relative movement of the eyes in relation to the orbit is 
called the response, and this may be shown as sinusoidal curves that 
are the expressions of harmonic components of complex movements. 
There are three parameters to investigate in the test: gain, phase, and 
asymmetry. The relationship between the amplitude of eye and head 
displacements is called gain of the system. In other words, eye velocity 
divided by the head velocity amplitude represents the gain. Another 
parameter is the phases of head and eye movements that reflect the 
degree of synchrony of these two movements. This can be assumed 
to be the latency of the reflex. The last parameter is asymmetry, which 
compares eye movements toward right and left sides [3, 4].

The reliability and repeatability of VAT have been tested in several stud-
ies. Corvera et al. [5] examined a healthy control group twice at a 1-week 
interval and another group in a single session. They found no significant 
difference between inter-individual and inter-session results. Blatt et al. 
[6] investigated intra-rater and inter-rater reliability of VAT and found a 
good level of intra-rater reliability for the gain parameter. Inter-rater 
reliability was good to excellent for gain, phase, and asymmetry pa-
rameters at frequencies <3.9 Hz. However, reported drawbacks were a 
significant difference in reliability for phase and asymmetry at frequen-
cies >4.3 Hz and significant difficulty in completing the test procedure 
at frequencies >3.9 Hz. VAT findings in decompensated patients are 
not yet fully known. The aim of this study was to investigate the effec-
tiveness of VAT for the discrimination of decompensated patients from 
compensated patients diagnosed with unilateral Meniere’s disease.

MATERIALS AND METHODS
The study was approved by the Clinical Research Ethics Committee 
of Gülhane Military Medicine Academy (approval date and number: 
03/03/2015 / 132). All procedures regarding patient care were han-
dled in accordance with The Universal Declaration of Human Rights 
(www.un.org/en/universal-declaration-human-rights/). Consent was 
obtained from all the patients and subjects.

The patients included in the study were those diagnosed with defi-
nite and probable Meniere’s disease according to the 2015 classifica-
tion proposed by the Classification Committee of the Bárány Society, 
the Japan Society for Equilibrium Research, the European Acade-
my of Otology and Neurotology, the Equilibrium Committee of the 
American Academy of Otolaryngology-Head and Neck Surgery, and 
the Korean Balance Society.[7] Patients with symptomatology of verti-
go and/or dizziness were assessed with a detailed history, neuro-oto-
logical examination, pure tone audiometry, VAT, static positional test, 
caloric testing, and magnetic resonance imaging. The patients were 
not experiencing a vertigo attack during the evaluation. For pure 
tone average, thresholds at 0.5, 1, and 2 kHz were considered.

Active head movements at high frequencies were recorded using VAT 
equipment and software (VAT Version 3.0, Western Systems Research, 
Inc., Pasadena, CA, USA). Horizontal and vertical eye movements were 

recorded using a pair of electro-oculographic electrodes placed on 
each outer canthus and another pair of electrodes above and below 
the left eye after cleaning the skin. The head band containing an elect-
ronystagmography (ENG) amplifier and an angular velocity sensor 
were fitted snugly on the head. During the test, the patient was asked 
to fix the eyes on a target at a distance of 120 cm in front and start to 
move the head synchronously with the sound of the computer. Head 
rotations were performed in horizontal and vertical planes. Velocity 
was 0.5-0.9 Hz in the first 6 seconds, and it gradually increased from 
1 to 6 Hz in the next 12 seconds. Then, gain, phase, and asymmetry 
values were measured at the frequencies of 2.0, 2.3, 2.7, 3.1, 3.5, 4.3, 4.7, 
and 5.1 Hz. The test procedure was repeated three times in each plane. 
The coherence level was set to 0.6. Gain, phase, and asymmetry values 
for eye movements in the horizontal plane and gain and phase values 
for eye movements in the vertical plane were then calculated. Gain was 
defined as eye velocity amplitude divided by head velocity amplitude. 
Phase was defined as the position of the eye (in degrees) relative to the 
position of the head. Asymmetry referred to deviation of the eyes from 
the midline in horizontal head rotation.

For spontaneous nystagmus evaluation, caloric testing, static posi-
tional tests, the eye movement recording and caloric testing, video 
goggles and videonystagmography (VNG) software and equipment, 
and a cold/warm irrigation system (CHARTR, ICS Medical, Schaum-
burg/IL, USA) were used. A stricter rule than is routinely applied in 
our laboratory was selected to define unilateral weakness [8]. This was 
a 25% weaker response on one side compared to the other. Direc-
tional preponderance was accepted to be a condition in which the 
mean-peak slow-phase velocity of the nystagmus beating toward 
one side was >30% than the mean-peak slow-phase velocity of the 
nystagmus beating toward the opposite side.

The study included 51 patients with Meniere’s disease, comprising 32 
males and 19 females with a mean age of 41.4, years (range, 19-72 
years). Definite Meniere’s disease was diagnosed in 51 patients accord-
ing to the 2015 classification proposed by the Classification Committee 
of the Bárány Society, the Japan Society for Equilibrium Research, the 
European Academy of Otology and Neurotology, the Equilibrium Com-
mittee of the American Academy of Otolaryngology-Head and Neck 
Surgery, and the Korean Balance Society. All the patients had unilateral 
caloric weakness (>25%) in one ear, and 20 patients also had directional 
preponderance >30% toward the unaffected ear. A control group was 
formed of 26 healthy volunteers comprising 16 males and 10 females 
with a mean age of 34.2 years (range, 27-55 years). The control group 
subjects had no complaint of hearing loss or vertigo.

The patients with Meniere’s disease were separated into two groups 
based on the development of dynamic compensation (compensat-
ed Meniere’s disease group and decompensated Meniere’s disease 
group). If slow-phase velocity of a nystagmus observed in the static 
positional test was >6 degrees/second, the patient was accepted as 
dynamically decompensated (21 patients). Those patients with a slow 
phase of a nystagmus <6 degrees/second were included in the com-
pensated group (30 patients). The threshold value of 6 degrees/second 
was determined according to Barber’s abnormal positional nystagmus 
criteria [9]. The decompensated Meniere’s disease patients had active 
symptoms such as motion-provoked vertigo or head movement in-
tolerance during the positional tests. Benign paroxysmal positional 

166

J Int Adv Otol 2020; 16(2): 165-70



vertigo was ruled out by the absence of crescendo and decrescendo 
phases of nystagmus and the absence of reversed nystagmus that are 
characteristic features of posterior canal benign paroxysmal position-
al vertigo. None of the patients had spontaneous nystagmus, which 
meant that all the patients were statically compensated.

The mean values of gain, phase, and asymmetry from the compensated 
and decompensated Meniere’s disease groups were plotted against the 
control group data and the normative data of the VAT equipment.

Sensitivity, specificity, positive predictive value, and negative predic-
tive values of the VAT device were calculated in the study.

Statistical Analysis
Data obtained in the study were analyzed statistically using the The 
Statistical Package for the Social Sciences (SPSS) for Windows ver-
sion 22.0 software (IBM Corp.; Armonk, NY, USA). Conformity of the 
variable to normal distribution was evaluated with the Kolmogorov–
Smirnov goodness-of-fit test, and the results were normal. Continu-
ous variables were evaluated using the Kruskal–Wallis test or analysis 
of variance (ANOVA). Comparisons between the groups in terms of 
VAT parameters were made using the Mann–Whitney U test. Normal 
and abnormal values were compared using the chi-squared test.

RESULTS
There was no significant difference in average air conduction and 
bone conduction thresholds between the compensated (20±20.25 
dB and 14±18.71 dB, and 22±17.22 dB and 17±15.56 dB for right and 
left ears, respectively) and decompensated groups (20±21.98 dB and 
15±15.7 dB for right ears and 21±26.11 dB and 15±15.24 dB for right 
and left ears, respectively; chi-squared test: p>0.05).

All the patients had caloric weakness, regardless of the decompen-
sated or compensated status. The comparison of the percentage of 
unilateral weakness and the percentage of directional preponder-
ance did not yield a significant difference between the compensated 
and decompensated Meniere’s disease groups (48% vs 62% for canal 
paresis and 18% vs 47% for directional preponderance, respectively; 
Mann–Whitney U test, p>0.05). Data on direction and slow-phase ve-
locity of positional nystagmus, the degree of unilateral caloric weak-
ness, and directional preponderance are given in Table 1.

The tests showed normal age and gender distributions in both 
groups (For age: Kolmogorov–Smirnov test, p=0.624 compensated 
group, p=0.472 decompensated group. For gender: Kolmogorov–
Smirnov test; p=1.0; 19 males, 11 females in compensated group; 13 
males, 8 females in decompensated group; 16 males, 10 females in 
control group; chi-squared test, p>0.05).
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  The Number of Patients and Slow-Phase Velocity Caloric Weakness (%) Directional Preponderance  
Groups Lesion Site of Positional Nystagmus by Direction (n, Mean±SD*) Mean±SD*   (%) Mean±SD*

 Right Left Right beating nystagmus Left-beating nystagmus  Right Left Right Left

Decompensated 12 9 10 patients (9.44º±6.80) 11 patients (9.96º±2.42) 60.08±24.76 64.66±13.42 38.5±17.84 53±36.7

Compensated 11 19 12 patients (2.85º±0.56) 5 patients (2.43º±0.36) 45.72±20.84 49.42±22.85 22.53±8.44 15.1±8.71

*Standard Deviation

Table 1. Slow-phase velocity of right- and left-beating nystagmus, degree of caloric weakness, and directional preponderance by groups

   Horizontal VOR Gain at Frequencies Mean±Standard Deviation

 2.0 Hz 2.3 Hz 2.7 Hz 3.1 Hz 3.5 Hz 4.3 Hz 4.7 Hz  5.1 Hz

Groups        

Decompensated Meniere group 0.95±0.14 0.94±0.19 0.94±0.23 0.93±0.23 0.91±0.23 0.85±0.21 0.77±0.16 0.79±0.27

Compensated Meniere group 0.98±0.1 0.97±0.12 0.96±0.14 0.93±0.17 0.91±0.2 0.86±0.28 0.83±0.32 0.79±0.33

Normative values of VAT device 0.91±0.06 0.93±0.08 0.95±0.09 0.96±0.09 0.96±0.08 0.96±0.09 0.94±0.09 0.92±0.1

Control group 0.95±0.12 0.95±0.12 0.95±0.12 0.94±0.12 0.93±0.12 0.87±0.14 0.84±0.18 0.8±0.22

VOR: vestibulo-ocular reflex

Table 2. Horizontal VOR gain by groups

   Horizontal VOR Phase at Frequencies Mean±Standard Deviation

 2.0 Hz 2.3 Hz 2.7 Hz 3.1 Hz 3.5 Hz 4.3 Hz 4.7 Hz  5.1 Hz

Decompensated Meniere group 185.97±4.97 187.13±5.77 187.77±15.31 187.72±20.8 186.85±21.93 184.93±20.02 184.15±13.08 182.72±14.59

Compensated Meniere group 183.84±2.53 185.07±3.16 185.54±4.02 185.61±4.84 185.72±5.88 185.49±8.32 184.25±10.08 184.02±14.15

Normative values of VAT device 185.8±3.6 186.4±3.8 187.2±4.4 188.1±5.6 188.9±6.2 189.7±6.2 191.7±9.4 193.5±12.4

Control group 179.9±1.84 179.83±2.36 179.86±3.13 180.34±4.01 180.91±5.12 181.24±7.56 180.74±8.69 181.96±10.02

VOR: vestibulo-ocular reflex

Table 3. Horizontal VOR Phase by Groups



The ANOVA or Kruskal–Wallis tests were used to compare gain, phase, 
and asymmetry in horizontal VOR, and gain and phase in vertical VOR.
There was no significant difference in horizontal gain at all frequen-
cies tested between the two groups (p>0.05) (Figure 1, Table 2). 
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Figure 4. Vertical VOR Phase (γ, normative value range of VAT device; β, control 
group value range).
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Figure 3. Vertical VOR Gain (γ, normative value range of VAT device; β, control 
group value range).
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Figure 2. Horizontal VOR Phase (γ, normative value range of VAT device; β, con-
trol group value range, * 2.0 Hz, p=0.013, ** 2.3 Hz, p=0.038, *** 2.7 Hz, p=0.025).
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Figure 1. Horizontal VOR Gain (γ, normative value range of VAT device; β, con-
trol group value range).
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   Vertical VOR Gain at Frequencies Mean±Standard Deviation

 2.0 Hz 2.3 Hz 2.7 Hz 3.1 Hz 3.5 Hz 4.3 Hz 4.7 Hz  5.1 Hz

Groups        

Decompensated Meniere group 0.91±0.21 0.9±0.15 0.89±0.17 0.91±0.2 0.94±0.24 1.03±0.35 1.05±0.4 1.09±0.43

Compensated Meniere group 0.86±0.19 0.91±0.12 0.92±0.13 0.95±0.16 0.98±0.22 0.99±0.22 0.99±0.24 1±0.28

Normative values of VAT device 0.93±0.22 0.96±0.18 0.98±0.2 1±0.24 1.02±0.28 1.02±0.32 1.04±0.4 1.11±0.42

Control group 0.92±0.12 0.93±0.14 0.92±0.18 0.95±0.16 0.96±0.18 0.98±0.21 0.97±0.23 0.97±0.23

VOR: vestibulo-ocular reflex

Table 4. Vertical VOR gain by groups

   Vertical VOR Phase at Frequencies Mean±Standard Deviation

 2.0 Hz 2.3 Hz 2.7 Hz 3.1 Hz 3.5 Hz 4.3 Hz 4.7 Hz  5.1 Hz

Groups        

Decompensated Meniere group 179.55±10.7 180.05±11.29 180.28±12.1 180.3±12.71 180.42±13.38 179.99±14.94 180.38±15.43 181.12±15.91

Compensated Meniere group 178.94±7.39 176.4±9.67 179.88±6.55 180.1±7.12 180.39±8.23 180.32±11.41 180.32±12.77 179.83±15.2

Normative values of VAT device 194.5±10.9 195.6±11.2 196.7±12 198±13.6 199.1±14.6 199.8±15.8 200.4±15 199.6±15.2

Control group 179.9±3.49 179.83±3.5 179.86±3.64 180.34±3.79 180.91±4.32 181.2±7 180.74±9.15 181.96±8.92

VOR: vestibulo-ocular reflex

Table 5. Vertical VOR phase by groups

J Int Adv Otol 2020; 16(2): 165-70
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Phase values in horizontal VOR at 2.0, 2.3, and 2.7 Hz were significant-
ly higher in the decompensated group (p<0.05) (Figure 2, Table 3).

Horizontal asymmetry values of all groups were around zero, with 
small differences at all frequencies. Differences between the groups 
were not statistically significant (p>0.05).

In respect of the gain in the vertical plane, the height in gain at all fre-
quencies in the decompensated group failed to produce a significant 
difference compared to the compensated group (p>0.05) (Figure 3, 
Table 4). Differences in the vertical VOR phase values between the 
groups were not statistically significant (p>0.05) (Figure 4, Table 5).

When all the Meniere patients were evaluated as a single group 
without distinction of decompensated/compensated, VAT showed 
an abnormal finding in 29 of 51 patients (56.8%). Thus, VAT sensitiv-
ity was 56.8%. In 4 of 26 healthy volunteers (15.3%), VAT showed an 
abnormal finding, and specificity was 84.6%. The positive predictive 
value was 87.87%, and the negative predictive value was 50%. When 
the decompensated Meniere disease group was evaluated alone, 
sensitivity was determined at 76.1%, specificity at 84.6%, the positive 
predictive value at 80%, and the negative predictive value at 81.4%.

DISCUSSION
In routine practice, one of the main purposes of a neuro-otologist is to 
discriminate patients with dynamically decompensated disease from 
those with statically compensated disease, for whom medical treat-
ment and/or vestibular rehabilitation would be necessary instead of 
attack-preventing treatment. These patients with a decompensated 
disease have disturbing symptoms in routine head movements. There-
fore, it would also be beneficial to find some additional findings un-
derlying these disturbing symptoms, such as dizziness or short-dura-
tion vertigo. Patients with a decompensated vestibular lesion typically 
show direction-fixed positional nystagmus that usually arises from 
side-to-side input difference. When planning this study, instead of mix-
ing patients with various peripheral diseases, it was decided to include 
only patients with Meniere’s disease to form a homogenous group. 
Moreover, Meniere’s disease is a disease in which the insult fluctuates 
from time to time.[10] Therefore, decompensated and compensated 
stages of the disease may be observed one after another at a certain 
period of time. Bearing this in mind, it was aimed to test the efficacy 
of VAT in terms of identifying patients with a decompensated disease.

After dividing the Meniere’s disease patients into decompensated and 
compensated groups and making investigations using VAT, the results 
showed that the decompensated group had lower horizontal gain and 
a higher horizontal phase lead, which is a typical sign of a peripheral 
vestibular disease, even though all the values were within normal limits. 
[11] Low vertical gain and high vertical phase (phase lead) are also signs 
of peripheral vestibular disease. Interestingly, the horizontal phase val-
ues of both the compensated and decompensated groups were high-
er than the normative data. The phase values in horizontal VOR at 2.0, 
2.3, and 2.7 Hz were significantly higher in the decompensated group. 
Interestingly, the frequencies where the phase was leading were not 
high frequencies but medium frequencies. This shows that the patients 
make corrective movements to ensure fixation at these frequencies. In 
the decompensated group, the horizontal asymmetry value was the 
furthest from zero, but the differences between the groups in the asym-

metry values were not statistically significant. All these findings imply 
that the decompensated group still suffered from some findings of the 
peripheral disease during the compensation period.

No significant difference was determined between the groups in the 
vertical tests. This could be attributed to the short distance through 
the vertical course of the eyes during up and down movements in ver-
tical tests. This short distance may not be enough to produce a patho-
logical finding such as a corrective saccade that causes phase lead.

The efficacy of high-frequency rotational tests in discriminating de-
compensated Meniere’s patients from compensated ones has not 
been studied to date, to the best of our knowledge. Using another 
device, the head auto rotation test (HART), Hirvonen et al. [12] investi-
gated gain, phase and asymmetry data at 1 to 5 Hz in two groups of 
Meniere disease: a conservatively treated group and a gentamicin/sur-
gically (labyrhinthectomy, vestibular neurectomy) treated group. Low-
er horizontal gain was observed in the gentamicin/surgically treated 
group compared to the conservatively treated group. Both groups had 
a lower gain than the control group. Interestingly, a higher phase lag 
was obtained from control subjects compared to the conservatively 
treated group. Both Meniere groups had more asymmetry. In 50% of 
the conservatively treated group and 72% of the gentamicin/surgically 
treated group, some kind of abnormality was determined in HART. A 
decreased gain at 2 and 3 Hz correlated with caloric weakness. HART 
was found to be more effective than the caloric test in revealing abnor-
malities in the conservatively treated group. Hirvonen et al. [3] found a 
lesser gain at 1 to 5 Hz in patients with vestibular schwannoma than 
in a control group tested using HART equipment. Hirvonen et al. [13] 
studied patients after vestibular schwannoma removal using the same 
equipment and “retinal image velocity (RIV) parameter” at 1 to 5 Hz, 
which is a combination of gain and phase and can be defined as the 
difference between eye and head velocities. A larger RIV was found in 
the patients compared to the control group at 1 to 4 Hz. These results 
imply that the caloric test and VAT investigate different points of ves-
tibular function. Therefore, rather than viewing them as rivals, benefit 
should be taken from both as complementary methods.

Perez et al. [14] compared the VAT values before intratympanic gentami-
cin injection and after the last injection in 30 Meniere’s disease patients 
with definite unilateral Meniere’s disease. At the end of the treatment, 
vertical VOR results were monitored in the normal range, but a decrease 
was observed in horizontal VOR gain and phase values. The horizontal 
and vertical VAT results decreased significantly, especially between 2.0 
and 3.7 Hz. The most common pattern in horizontal tests was normal 
gain/decreased phase (23%) and decreased gain/decreased phase 
(23%). However, in the current study, the most common pattern in the 
horizontal tests was decreased gain/ increased phase. The most com-
mon pattern in vertical tests in the Perez et al.’s study was normal gain/
normal phase, which was similar to the current study findings.

Ng et al. [11] assessed 64 patients with Meniere’s disease using VAT to 
evaluate high-frequency horizontal VOR function in Meniere’s disease. 
In all patients, the horizontal phase values at 5 and 6 Hz were found 
to be over 180 degrees, and the abnormal VAT response was detected 
in 85% of the patients. The most common pattern in the horizontal 
tests was decreased gain/increased phase, which was similar to the 
current study findings. High frequency response in that study could 
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not be detected by conventional vestibular tests, and VAT provided 
additional information to other tests for VOR assessment.

O’Leary et al. [15] evaluated 10 Meniere’s patients in the acute period us-
ing VAT. The study showed that despite being in the acute period, all 
patients performed the test easily. Horizontal gain and phase results 
were found to be within the normal range. Vertical gain results were 
observed to be significantly higher, especially in the range between 2 
and 6 Hz. They stated that the vertical phase delay decreased with in-
creasing frequency. Consequently, Meniere’s patients were found to be 
more sensitive to high-frequency vertical tests in the acute period.

Murphy evaluated 120 patients with dizziness using both ENG and VAT 

[16]. 18 patients who could not complete the VAT were excluded from 
the study, and the patient completion rate of VAT was 85%. The current 
study completion rate in the control group was 86.6% and it was com-
patible with published data. According to the Murphy study, 48 of 102 
patients were identified as having abnormalities in both VAT and ENG; 
22 patients had abnormal ENG and normal VAT, 20 patients had normal 
ENG and abnormal VAT, and 12 patients had normal ENG and normal VAT 
results. Thus, ENG was found to be more valuable in suspected peripher-
al vertigo patients at priority assessment, and VAT was more valuable in 
patients with unidentified suspicious dizziness and head trauma.

In the current study, all the patients had caloric weakness of >25%, 
and 20 of them had directional preponderance of >30% toward the 
unaffected ear, whereas all the patients with Meniere’s had abnormal 
VNG results. In 56.8% of the patients, VAT findings were abnormal, 
and 43.2% of patients were within the normal range. When the de-
compensated group was evaluated separately, VAT was abnormal 
in 76.1% of the patients. It should be noted that all of the decom-
pensated Meniere’s patients with VAT abnormalities had a positional 
nystagmus over 6 degrees/second in the static positional test. This 
demonstrates the importance of static positional testing.

Chen et al. [17] assessed 48 patients with peripheral vestibular pathol-
ogy using VAT and the caloric test. In 36 patients (75%), VAT results 
were abnormal, and 33 patients (68.8%) had caloric test abnormal-
ities, of which 28 had canal paresis, and 16 had directional prepon-
derance. When the patients with abnormal VAT results and abnormal 
ENG results were combined, a pathological finding was detected in 
44 (91.7%) of the total patients. It was stated that the inaccurate di-
agnosis could be prevented by VAT as a complementary test to the 
caloric test. In the current study, when all the Meniere’s patients were 
evaluated as a single group without distinction between decompen-
sated and compensated, VAT was abnormal in 56.8%.

CONCLUSION
Horizontal phase values were determined as sensitive markers in VAT 
to discriminate decompensated from compensated Meniere’s dis-
ease. The results of this study confirmed that VNG (static, positional, 
caloric test) and VAT investigate vestibular function at different fre-
quencies. The caloric test assesses low-frequency VOR, and VAT as-
sesses high-frequency VOR. Considering the results of this study, in 
which all the patients had caloric weakness, VNG and VAT are not two 
rival tests, but two separate tests that complement each other. In the 
43.2% of patients who had canal paresis in the caloric test, normal 
values were seen in VAT. It seems to be reasonable to conclude that 
it may not always be necessary to stimulate high-frequency VOR to 
detect vestibular pathology.
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