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ABSTRACT
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Introduction: Video head impuls test (VHIT) is used in the
diagnosis of vestibular dysfunction. There is no study conducted
on VHIT application and its results on children in our country.
Our study aimed to examine VHIT tests in children with normal
hearing function and to determine normal value ranges.

Methods: This study was made up of a total of 78 children
under 16 years of age with normal hearing function. All
children received vHIT and the values found were recorded.

Results: Of the 78 children participating in the study, 44 (56.4%)
were boys and 34 (43.6%) were girls. There was no significant
difference in the results of vHITs between the ages of 4-6,
7-9 and 10-12 in terms of mean left lateral, right lateral, left
anterior, right posterior, left posterior and right anterior values
(p>0.05 for each). However, in the analysis performed by
combining 4-12 age groups, there was a significant difference
between the ages of 4-12 and 12 years in terms of left posterior
mean values (p=0.012).

Conclusion: When the findings of our study and combined
reports were evaluated, it was observed that normal vestibulo-
ocular reflex gain values should be determined in the
paediatric population by the VHIT method. We consider that,
paediatricians may use the findings of our study as guide for
the evaluation of vestibular function in children. Extensive
studies are needed to ensure that the normal value ranges
reach a higher level of reliability.
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Amag: Video kafa itme testi (VHIT) vestibiler fonksiyon
bozuklugu tanisinda kullaniimaktadir. Ulkemizde cocuklar
tizerinde VHIT uygulamasi ve sonuclari ile ilgili bir calisma
henliz bulunmamaktadir. Calismamizda normal isitme
fonksiyonuna sahip ¢ocuklarda vHIT testlerinin irdelenmesi ve
normal deger araliklarinin belirlenmesi amaclanmistir.

Yontemler: Calismaya normal isitme fonksiyonuna sahip 16
yas alti olan toplam 78 cocuk dahil edilmistir. Tim c¢ocuklara
VHIT uygulanmis ve bulunan degerler kaydedilmistir.

Bulgular: Calismaya katilan cocuklarin 44’G (%56,4) erkek,
34’0 (%43,6) kiz idi. VHIT sonuclarinda 4-6, 7-9 ve 10-12 yas
gruplari arasinda ortalama sol lateral, sag lateral, sol anterior,
sag posterior, sol posterior ve sag anterior degerleri acilarindan
anlamli fark yoktu (her biri icin p>0,05). Ancak 4-12 yas gruplar
birlestirilerek yapilan analizde 4-12 yas ile 12 tzeri yas grubu
arasinda sol posterior ortalama degerleri acisindan anlamli
fark saptandi (p=0,012).

Sonug¢: Calismamiz bulgulari ile yayinlanmis raporlar
birlestirilerek degerlendirildiginde, pediatrik poptlasyonda
VHIT yontemi ile normal vestibiilo-okiler refleks kazang
degerlerinin belirlenmesi gerekliligi gortlmusttr. Calismamiz
bulgularinin pediatristlerce ¢ocuklarda vestibiiler fonksiyon
degerlendirilmesinde yol gosterici olabilecegi duistincesindeyiz.
Normal deger araliklarinin daha yuksek guvenilirlik
dizeyine ulasmasi icin daha genis calismalara gereksinim
bulunmaktadir.

Anahtar Kelimeler: Cocuk, vertigo, video kafa itme testi, VHIT,
vestibilo-okiiler refleks
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Introduction

Dizziness is known as the feeling or illusion that the person or his
environment is moving. Although the term vertigo is sometimes used
instead of just dizziness, vertigo is defined as a sendrom presenting with
several symptoms such as dizziness, nausea, vomiting and imbalance
together (1-4).

Vertigo is caused by disorders in the pathway or structures between
the vestibular nuclei of the brainstem and the vestibular apparatus in
the inner ear. The vestibular apparatus consists of three semicircular
canals (anterior, posterior and lateral), and two autolytic organs; utricle
and saccule. Semicircular canals perceive angular motion changes and
speed in all directions in the three-dimensional space, such as the
head’s rotation, bending and twisting motion. The utricle perceives
linear head movements in the horizontal plane more often, while the
saccule perceives linear head movements in the vertical plane mostly. In
this way, balance is created. Dysfunctions in these structures cause the
appearance of vertigo and/or an imbalance table (1,5-7).

Vestibulo-ocular reflex is a reflex that creates eye movements in response
to the rotating movements of the head for the image to be focused and
clarity. Semicircular canals detect changes in the head position and
transmit alerts that will allow the eyes to shift in the same direction
and opposite the head movement direction. In case of dysfunction, eye
movement, that is nystagmus arises that are not synchronised with the
change in head movement. Nystagmus is used in the diagnostic tests of
vertigo (1,5-7).

Video head impuls test (vHIT) has been developed in the diagnosis of
peripheral vertigo caused by disorders related to semicircular canals
(8). In previous methods, the eye movements in nystagmus, which were
received in response to sudden head push warnings in the clinical setting,
were interpreted subjectively by the staff performing the application.
However, in the vHIT method, using high resolution and fast shooting
cameras, eye movements that occur reflexively against sudden pushes
of the head in different planes can be measured objectively, clearly and
numerically. In addition, this method can be easily applied near the
patient (8-12).

The vHIT has been performed on adults for years, and normal ranges for
adults have been established (13,14). In recent years, the applicability
of this application on children has been investigated, and normal value
ranges have been tried to be determined for these age group (15,16).
However, there is no study conducted on vHIT application and its results
on children in Turkey. Our study aimed to examine VHIT in children with
normal hearing function, and to determine normal value ranges.

Methods

This was a retrospective study, approved by University of Health
Sciences Turkey, Istanbul Training and Research Hospital Ethical
Committee with the number of 2239 (date: 27.04.2020). Medical
records including audiovestibular test results were reviewed.
Informed consent was obtained from parents of all patients.

Patients

Atotal of 78 patients under 16 years of age with normal hearing function
and who had applied to our hospital’s Otorhinolaryngology clinic for
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control were included in the study. The patients were divided into four
groups as 4-6 years, 7-9 years, 10-12 years and over 12 years old (15).

Patients with a hearing or balance complaint or history, chronic disease,
with long-term drug use and those with a head injury were not included
in the study.

Tests

VHIT measurements were performed using the OTOsuite Vestibular
software (Software Version: 3.00 Build 1007, Otometrics) and high-
speed (250 Hz) infrared camera (EyeSee Cam™ system Interacoustics A/S,
Denmark ™) mounted on special glasses (Type-1085 ICS impulse).

In the evaluation of the lateral semicircular canals, the head position
was bent forward by 30 degrees, and head pushing movements were
applied to the right and left at angles of 15 degrees, with the back of
the jaw being fully grasped. In the vertical semicircular canals, the head
thrust movement was applied by rotating the head position 45 degrees
to the right or left in order to stimulate the vertical channels while the
children were asked to be looking at the target points on both sides.
At these stages, the test was completed by applying five head pushing
movements for each channel, and vestibulo-ocular reflex gain values of
six semicircular channels were determined.

Statistical Analysis

All statistical analyses in the study were done using SPSS 25.0 software
(IBM SPSS, Chicago, IL, USA). Descriptive data are presented as numbers
and percentages. In terms of categorical variables, comparisons
between groups were made using Pearson’s chi-square test and Fisher’s
Exact test. Whether the continuous variables are suitable for normal
distribution was confirmed using the Kolmogorov-Smirnov test. The
differences between the groups in terms of continuous variables were
performed using the Student’s t-test and the comparison of mean values
between multiple groups was done by variance analysis. The results
were evaluated within the 95% confidence interval and p<0.05 values
were considered significant. Bonferroni correction was made where
appropriate.

Results

Of the children participating in the study, 44 (56.4%) were boys and
34 (43.6%) were girls. Twelve (15.4) of the children were 4-6 years, 15
(19.2%) were 7-9 years, 16 (20.5%) were 10-12 years and 35 (44.9%) were
over 12 years old. Gender distributions were similar between the groups
(p=0.384) (Table 1).

Table 1. Sex distribution by age groups

Age groups (years) Male Female Total
4-6 5 7 12
7-9 10 5 15
10-12 11 5 16
>12 18 17 35
Total 44 34 78
p=0.384



There were no significant differences in the results of the vHITs among
the ages of 4-6, 7-9 and 10-12 in terms of mean left lateral, right lateral,
left anterior, right posterior, left posterior and right anterior values
(p>0.05 for each). However, in the analysis performed by combining the
4-12 age groups, a significant difference was found between the 4-12
age group and the above 12 age group in terms of left posterior mean
values (p=0.012) (Table 2). In Table 3, the mean =+ standard deviation
values for the 4-12 age range reported from different studies and the
present study are shown.

Discussion

VHIT is a method that provides objective data regarding the vestibulo-
ocular reflex. vHIT is the only method that can evaluate the anterior and
posterior semicircular canals individually in both ears. It was also stated
that the vHIT method was the most valuable method in the evaluation of
the horizontal canal vestibulo-ocular reflex (1,8,17). It has been reported
that the vHIT method is useful in differentiating central or peripheral
causes of acute vertigo syndrome, it can evaluate at physiological and
high frequencies, and it is being used more commonly in emergency
departments (1). In addition, it has been stated that this method can
be superior to other methods in terms of being a non-invasive method,
providing high accuracy data, not being affected by middle and outer
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ear problems, evaluating the ears and semicircular canals separately,
being easy and fast to apply and being applicable in children (1,5,8).

There are limited reports on the use of the vHIT in adults. In recent
years, studies on the usability of the VHIT in children have been started
(15-18,19). Ross and Helminski (19) reported that the re-applicability of
the vHIT method in the child population is good. Those researchers also
stated that the vHIT method provided reliable data in children, although
their sensitivity and specificity regarding vestibular disorder were not
high enough (19). Tozar et al. (16) found no significant difference in terms
of mean vestibulo-ocular reflex gain values measured using the VHIT
method in terms of the control group in children with otitis media and
dizziness. Those researchers stated that symptoms of otitis media and
dizziness did not result in the detection of vestibular disorders using the
VHIT method (16). Nassif et al. (20) also found no significant difference
in terms of the mean vestibulo-ocular reflex gain values measured using
the VHIT method between the children with cochlear implants and the
controls, but they stated that the number of patients was low. Zhou et
al. (21) found that the vHIT test performed with a head tilt angle below
100° may not show the loss of function in the semicircular canal in most
patients, and VHIT tests not exceeding the 150° angle may cause false
negative results. However, these researchers stated that the 150° head
angle could not be applied in children. Hiilse et al. (22) reported that the

Table 2. Comparison between age groups in terms of mean + standard deviation values of the vestibulo-ocular reflex gain obtained using
the video head impuls test

Lateral Anterior Posterior

Age groups n . . .

Left Right Left Right Left Right
4-6 12 0.93+0.08 1.01+£0.12 0.7910.13 0.88+0.1 0.83+0.1 0.73£0.09
7-9 15 0.91£0.06 0.95+0.08 0.851£0.15 0.79+0.14 0.79+0.12 0.7810.11
10-12 16 0.92+0.07 0.95%0.06 0.77£0.17 0.87£0.15 0.81£0.14 0.7£0.14
p* 0.654 0.214 0.387 0.182 0.772 0.235
4-12 43 0.92+0.07 0.97£0.09 0.8+0.15 0.84+0.14 0.81+0.12 0.74£0.12
>12 35 0.92+0.1 0.99+0.1 0.831£0.12 0.82+0.17 0.74+0.12 0.75%0.12
p** 0.819 0.199 0.409 0.48 0.012 0.706

One-Way ANOVA method has been used. *This is an analysis between 4-6, 7-9 and 10-12 age groups. ** This is an analysis made between 4-12 and 12 years old groups

Table 3. Comparison between age groups in terms of mean * standard deviation values of the vestibulo-ocular reflex gain obtained using
the video head impuls test

Lateral Anterior Posterior
Age groups n
Left Right Left Right Left Right
0.92+0.07 0.97£0.09 0.8£0.15 0.84%0.14 0.81£0.12 0.74%£0.12
Present study 43
(0.82-1.16) (0.84-1.33) (0.37-1.08) (0.58-1.1) (0.42-1.02) (0.54-1.1)
0.96%0.09 1.04£0.09 0.80 £ 0.11 0.90 £0.19 091 £0.14 0.83%0.09
Bachmann et al. (15) 30
(0.79-1.14) (0.87-1.23) (0.58-1.02) (0.53-1.27) (0.65-1.18) (0.65-1.01)
Tozar et al. (16)* 30 0.97 (0.73-1.35) 1.06+0.22 0.95 + 0.22 0.86 (0.71-1.26) 0.95+0.23 0.95 (0.87-1.35)
. 0.98+0.10 1.04£0.11
Kidd et al.**
(0.82-1.14) (0.85-1.21)

*Some data could not be reached, it covers the ages of 4-15. **Unpublished data; Kidd C, Byrd S, Riska K, Murnane O, Akin F. (2014) Intra-and inter-examiner reliability of the video head
impulse test. http://icsimpulse.com/blog/wp-content/uploads/Inter-Intra-Reliability-VA-Mountain-Home.pdf
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VHIT method was a sensitive and an effective test in children. Hamilton
et al. (18) stated that the vHIT method was very effective and useful
in determining the semicircular canal functions in children. These
researchers also added that this method had many advantages over the
gold standard rotary chair and caloric test methods. It was emphasised
that there is need to conduct studies on determining the normal values
of VHIT in children (17,18). These data show that although there are
some limitations in the implementation of the vHIT method in children,
it can be used to quantify semicircular canal functions in this population.

Tozar et al. (16) determined the normal values of the vestibulo-
ocular reflex gain for children using the vHIT method in their studies.
Bachmann et al. (15) also applied the vHIT method in children to
determine the normal values of the vestibulo-ocular reflex gain. The
researchers divided the participants into 4-6, 7-9 and 10-12 age groups,
and could not find any difference between the groups in terms of the
VHIT values. In our study, the vHIT method was used and vestibulo-
ocular reflex gain normal values were determined for healthy children
aged 4-12 years (Table 3). It is seen that the mean normal values of all
these studies are very close to each other. Similarly, it is observed that
the obtained minimum and maximum values are close to each other
between the studies. These findings show that the normal values of the
vestibulo-ocular reflex gain obtained for healthy children in our study
are reliable to be used by clinicians.

It has been shown that there may be differences in vestibulo-ocular
reflex gain values between children and adults (15). Bachmann et al.
(15) found that some vHIT values were significantly higher in the child
group in comparison to the adult groups included in the study. In our
study, it was observed that there was a significant difference between
the children groups and the group over the age of 12 in terms of the
left posterior vestibulo-ocular reflex value. These differences between
children and other groups indicate the need to establish a normal
vestibulo-ocular reflex gain value table for healthy children apart from
adults.

There were some limitations in our study. Considering the difficulty of
applying the VHIT test, children under the age of 4 were not included in
the study, in line with the recommendations of some previous studies
(15,17). In parallel, in our study, vHIT normal values for the paediatric
population between the ages of 4-12 were determined. Further
investigations on younger age groups needs to be conducted.

Conclusion

When the findings of our study and combined reports were evaluated,
it was observed that normal vestibulo-ocular reflex gain values should
be determined in the paediatric population using the vHIT method. We
consider that the findings of our study may be a guide for the evaluation
of the vestibular function in children by paediatricians. Extensive studies
are needed to ensure that the normal value ranges reach a higher level
of reliability.
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