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Abstract

Background: Video Head Impulse Test (v-HIT) and saccades test of Videonystagmography (VNG) are used clinically
to differentially diagnose patients into peripheral and central vestibular pathologies. However, age and clinic specific
norms are required for both the tests.

Aims: To investigate if there is any changes in parameters of v-HIT and saccades test with advancing age.

Design: A prospective cross sectional research design study was carried out from April 2023 to June 2023 at the
department of School of Audiology & Speech Language Pathology.

Method & Materials: Individuals between the age range of 20- 80 years were included in the study. Participants
with no history of vertigo, neurodegenerative disorders, negative Fukuda stepping and Romberg test were included.
All of them underwent through v-HIT followed by saccades test of VNG.

Results: Total 60 individuals participated in the study. Mean and SD values for gain, number of saccades and
amplitude of saccades were determined as the parameters of v-HIT. On studying effect of age on vHIT, gain
parameter was found to be changing with advancing age. Further, Mean and SD were also determined for velocity,
precision and latency parameter of saccade test which was performed in horizontal and vertical planes at 0.3 Hz,
0.45 Hz and 0.6 Hz frequency of target stimulus. latency parameters were observed to be increasing with increase
in age of participants.

Conclusion: Age specific norms are necessary especially for gain parameter of VHIT test and latency parameter of

saccade test.
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1. Introduction

In human beings, the vestibulo-ocular reflex (VOR)
results in compensatory eye movements in the opposite
direction of head movement in order to stabilizes the
images of an object on the fovea of eyes. This occurs
when an object in the visual field is stable while head is
being moved in a particular direction. [1]. On the other
hand, saccades or saccade reflex are rapid eye
movements in order to follow the moving objects or
images while head being stable.
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The brainstem contains various types of neurons
involved in saccade generation, including long lead
burst neurons (LLBNs), medium lead burst neurons
(MLBNSs), excitatory burst neurons (EBNs), inhibitory
burst neurons (IBNs), and omnipause neurons (OPNs).
These neurons are located in the midbrain, pons, and
medulla, and they provide the saccadic drive to the
agonist and the antagonist of eye [2].

The video head impulse test (v-HIT) is a
relatively newer clinical tool to measure the angular
vestibulo-ocular reflex (VOR). [3]. The v-HIT uses high-
speed cameras to record eye movements and motion
sensors to measure head movements. Previously
investigators evaluated VOR using video head impulse
test (v-HIT) in normal subjects and characterized the
catch-up saccades (CSs) with ICS Impulse 3-D v-HIT
system. [4,5] The mean v-HIT gain was reported to be
1.02 % 0.07 for all SCC, and the mean gain asymmetry
was found to be 2.39 * 1.96%, with no significant
differences among age groups. CSs were observed in
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49% of the ears. The incidence of CSs was not
associated with age.

Saccades test of VNG (video-nystagmography) is
a clinical test that assesses occulo-motor reflex
mediated through higher brainstem structures and
cerebellum. In one of the earlier study, effect of age on
saccade reflex/oculomotor reflex was assessed using
an infrared video-oculography (VOG) device
(EyeSeeCam) in normal individuals aging from 6-76
years [6,7]. Mean peak velocity of saccades was
reported to be 213°/s, 352°/s and 455°/s for the
targets moving at 5°, 15°and 30° angles horizontally.
Similarly, for vertical target position mean peak
velocity of saccades was found to be 208°/s,303°/s and
391°/s. respectively. Above studies showed that gain
values and corrective saccades varied across different
measuring instruments of video head impulse test.
Likewise parameters of oculo-motor reflex varied from
one study to another due to variation in the recording
equipment and parameters of the tests. Therefore, the
goal of the current study was to analyse parameters
related to saccade testing using The Cyclops Medtech
instrument which is being used extensively across
various clinics and hospital in India. Study also aimed
at investigating vestibule-ocular reflex using a
commonly used device called "EyeSee Cam." in a
different age range of population

2. Methodology

Study included normal healthy participants to
develop the age specific norms of VOR using Video
Head Impulse Tests (v-HIT) and oculo-motor reflex
using Saccades test of Videonystagmography (VNG).
The study was approved by the Institutional Ethics
Committee dated 17/08/2022. All participants were
informed about the study through a participant
information sheet and written consent was taken from

each participant. The collected data was kept
confidential.
Participants

The present study included 60 healthy
participants who had no history of dizziness at least for
last one year with normal findings on Romberg and
Fukuda vestibular screening test. Age range of all the
participants varied from 20 to 80 years. They were
grouped into Group I, Group I, and Group III with each
group having 20 participants. Group I included normal
healthy adults with 20 - 40 years of age, Group II
included normal healthy individuals with 40 - 60 years
of age range and Group III included normal healthy
participants between the age ranges of 60 - 80 years.
Individuals with diagnosed cases of neurodegenerative
disorders, clients with uncontrolled systemic
disorders, individuals with ocular disorders such as eye
surgery, congenital nystagmus and chronic psychiatric
disorders were excluded from the study.

Procedure
Consent was obtained from all the individuals prior to
their participation in the current study. Otoscopy was
done followed by case history and hearing screening at

25 dBHL at 500, 1 KHz, 2 KHz and 4 KHz on pure tone
audiometry. Participants with normal results on both
Otoscopy and pure tone audiometry were considered
for the study with the exception of Group III
participants, who were included despite having a mild
high frequency sensori-neural hearing loss. Post
hearing screening, Video-Head Impulse Test (v-HIT)
was done using EyeSeeCam v-HIT v2 (Interacoustics)
instrument. For v-HIT, participants were made to seat
in a chair and goggles were placed. Calibration was
done by asking individuals to focus on rightward,
leftward, upward and downward on the target while
head being stable. After calibration, Video head impulse
test was performed by turning the person’s head
abruptly and unpredictably in the plane of a Semi-
circular canals (SCC) about 15° and instantaneous
compensatory eye movement was recorded using a
camera and recording software. During each head
impulse, client was instructed to focus on an earth fixed
target, and compensatory eye movement was observed.
In this way ten short brisk jerks (velocity above 100°)
were given on each side. Individuals were instructed to
keep looking at the target during the given jerks. Gain
values of each compensatory eye movement i.e. VOR at
60 ms was noted. In some cases, few individual’s eyes
may move with head during head impulse and then
come back to earth fixed target making corrective
saccade. Following criteria was used to mark the
presence of such corrective saccade: saccade before
350 ms with amplitude greater than 50% of peak head
velocity and duration between 30-50 ms. [8]

Post v-HIT, Saccade test of Video
Nystagmography (VNG) was done using Cyclops
Medtech Balance Eye version 3.2.4.8. For this,
calibration was carried out after placing goggles on
participant’s eyes. Saccades test was done at 0.3 Hz,
0.45 Hz and 0.6 Hz in horizontal and vertical plane by
instructing the participant to follow the target without
anticipating and moving their head. Minimum 10 cycles
were recorded for each frequency and plane. Analysis
of Saccade test was done by measuring ‘Velocity’ and
‘Precision’ parameters of the test.

3. Results

All statistical analysis was carried out in the JASP
Version 0.17.2.1. Normality testing was done using
Shapiro- Wilk test of normality which revealed that the
gain parameter of VHIT tests followed a normal
distribution, except for values of the Left Lateral canal
in Group I1I. However, the number of saccades, and gain
asymmetry parameter did not follow a normal
distribution. Whereas all the parameters of saccade
test followed a normal distribution across all groups.

Parameters of v-HIT

In order to investigate VHIT findings across
different age range, descriptive statistics was applied
for the parameters of v-HIT. Figure 4.1 shows mean and
SD values of gain parameter of 6 SCCs across the
participants of three age groups.
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Figure 4.1: Mean and SD value of gain parameter on vHIT test

Note: gRL: Gain of Right Lateral, gLL: Gain of Left Lateral, gRA: Gain of Right Posterior, gLA: Gain
of Left Anterior, gRA: Gain of Right Anterior, gLP: Gain of Left posterior.

Group I Group II Group III

Median | IQR Median | IQR Median | IQR
galLL 5.74 6.62 3.35 10.32 8.6 7.73
gaLARP | 5.3 4.32 3.97 6.24 10.17 2.78
gaRALP | 7.365 12.46 5.83 6.96 10.11 8.42

Table 1.1. Descriptive statistics for gain asymmetry
Note: galLL: Gain asymmetry in Lateral plane, gaLARP: Gain asymmetry in LARP plane,
gaRALP: Gain asymmetry in RALP plane
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Figure 1.3. Mean and SD values of Precision (Horizontal plane) parameter on saccade test of VNG
Note: p: Precision, H: Horizontal, R: Right eye, L: Left eye, 0.3, 0.45. and 0.6 velocity of target stimulus using during
saccade test
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Note: I: Latency, H: Horizontal, V: Vertical, R: Right eye, L: Left eye, 0.3, 0.45. and 0.6 velocity of target stimulus using

during saccade test

It can be observed that in Figure 4.1. that gain
values are varying from 1.01. to 1.38 across all canals
as well as across all age groups. It can be seen that gain
for both anterior canals are comparatively higher than
others. Gain for both posterior canals can be seen
reduced for group III
To investigate the age effect on gain parameter, ANOVA
test was done and revealed that there is no significant
difference between mean gain values across age groups
for Right Lateral canal F (2,45) =0.086, p=0.918; Left
Lateral canal F (2,45) =1.468, p=0.241; Right Anterior
canal F (2,45) =1.803; p=0.176 and Left Anterior canal
F (2,45) =1.819, p=0.174. However, there was
significant difference between mean gain values across
age group for Right Posterior canal F (2,45) =7.00,
p=0.002; Left Posterior canal F (2,45) =3.425, p=0.041.
Tukey test was done for post hoc analysis and it
revealed difference between mean was observed
between Group I and III (p tukey=0.015), Group II and
I (p tukey=0.002) for right posterior canals and
between Group II and III (p tukey=0.032) for left
posterior canal. This indicated that only posterior canal
has age related changes on gain parameter of v-HIT.

As part of first objective to investigate gain asymmetry
parameter of v-HIT test across different age groups,
median and Interquartile range was computed using
descriptive statistics. Table 4.1. shows the values for
gain asymmetry values for all three planes.

It can be seen in the Table 4.1. that gain asymmetry
values are increasing from younger age group to older
age group, nevertheless Kruskal Wallis test showed no
significant age effect in gain asymmetry.

Number of corrective Saccades was analysed as a third
parameter of v-HIT using descriptive statistics as
shown in Table 4.2.

It can be observed in Table 4.2. that corrective saccades
were observed only in lateral plane except one or two
individuals. Number of maximum corrective saccades
that were observed were not more than 3 in number.
Those participants who had catch up saccades only 1st
saccades were observed except 2 participants of Group
I and Group Il who had 2nd catch up saccades.

In Figure 4.2. early response artifact in lateral canals
can be observed. This artifact resulted in higher gain at
40 ms and lower gain values at 60 ms. 4.2. Parameters
of Saccades test of VNG

Velocity and precision parameters of saccade test was
analysed at target frequency of 0.3. 0.45 and 0.6 HZ.
Figure 4.3. and Figure 4.4. shows the error bar graph of
mean and SD values for velocity parameter of saccades
test for all age groups in horizontal and vertical plane
respectively.

Itis observed that velocity of eyes was increasing as the
velocity of the target (ms) was increased. But it was
observed only for horizontal plane, for vertical plane
change in velocity was not much observed. The mean
values of velocity parameter of eye movement were
lower for the target moving in vertical plane than the
horizontal plane across all age groups.

Figure 4.5. and Figure 4.6. depicts the mean and SD of
precision parameter of saccades test for horizontal and
vertical planes respectively.

The error graph of precision shows that the error is
higher (%) in the horizontal plane than in the vertical
plane for all age groups. Decrease in precision was
observed for Group III. Lower precision was found for
group III for lower velocity of target in both the planes.
The standard deviation was high for the velocity
parameter and low for the precision parameter,
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indicating that precision is a more reliable parameter
for diagnosis.

ANOVA statistical test was applied in order to
investigate if there was any change in precision
parameters of saccade test with advancing age. Results
revealed that there was no change in the velocity
parameter of saccade test for both horizontal and
vertical plane with increase in age.

4. Discussion

Present study revealed average gain values to be 1.1 for
posterior and lateral canal across all the three groups
of participants whereas it was 1.3 for anterior canal
when assessed using v-HIT test. These gain values were
comparable with former study who reported average
gain values varying from 1.0 to 1.1 for all the three
semi-circular canals on v-HIT test [9]. There was
minimal differences in the average values of gain
parameters for anterior canal between current study
and previously reported literature which could be
because of clinician and subject related factors such as
amount of clinician’s practise and head circumference
of an individual. Other factors that may contribute for
the differences in the gain values could be related to the
Inertia of the goggles and weight of the goggles. This
indicates that each clinic should have its own norms for
v-HIT specific to their equipment.

Current research also showed that there was a
reduction in gain values of VOR only for posterior canal
with increase in age when assessed using v-HIT. This
indicated that inferior vestibular nerve bundles or hairs
cells of posterior SCC are more susceptible to age
related changes as compared to hairs cells of other
canals. Nevertheless, present findings contradict with
earlier investigator reported age effect only for lateral
canal of vestibular organ. [11]

For Saccades test in VNG, velocity and precision
parameter were observed to be not changing
significantly with increase in age. Nevertheless, mean
velocity was observed to be clinically increasing and
precision was found to be decreasing as the frequency
of target was increased from 0.3 Hz to 0.6 Hz. Results of
the present study are first of its kind as no previous
study has analysed parameters of saccade test using
Cyclops Med Tech, across different age groups. Hence it
can be concluded that saccade test of VNG can be used
reliably for clinical assessment and norms should be
developed for different velocities of target with clinic
specific equipment

5. Conflict of interest: Author declares that
there is no conflict of interest.
6. References
1. Fetter M. Vestibulo-Ocular reflex. In: KARGER
EBooks.; 2007:35-51.
doi:10.1159/000100348

2. Shinoda Y, Takahashi M, Sugiuchi Y. Brainstem
neural circuits for fixation and generation of

saccadic eye movements. In: Progress in Brain
Research 2019 95-104.
doi:10.1016/bs.pbr.2019.04.007

3. MacDougall HG, Weber KP, McGarvie LA, Halmagyi
GM, Curthoys IS. The video head impulse test:
Diagnostic accuracy in peripheral vestibulopathy.
Neurology 2009;73(14):1134-1141.
doi:10.1212/wnl.0b013e3181bacf85

4. Yang C], Lee ]JY, Kang BC, Lee HS, Yoo MH, Park HJ.
Quantitative analysis of gains and catch-up
saccades of video-head-impulse testing by age in
normal subjects. Clinical Otolaryngology 2016
41(5):532-538.d0i:10.1111/c0a.12558

5. Hag L, Abrahamsen ER, Hougaard DD. Normative

Vestibular-Ocular reflex gain values for the vertical
semicircular canals. Research in Vestibular Science.
2020;19(2):62-70. d0i:10.21790/rvs.2020.19.2.62

6. Hopf S, Liesenfeld M, Schmidtmann [, Ashayer S,
Pitz S. Age dependent normative data of vertical
and horizontal reflexive saccades. PLOS ONE.
2018;13(9):e0204008.
doi:10.1371/journal.pone.0204008

7. Swamy SN, Yuvaraj P, Pruthi N, Thennarasu K,
Rajasekaran AK. Comprehensive normative data
for objective vestibular tests. Cureus. June 2023.
doi:10.7759/cureus.40080

8. Leigh M. Video Head Impulse Test (VHIT): A Deep
Dive. www.interacoustics.com.
https://www.interacoustics.com/academy/balanc
e-testing-training/video-head-impulse-test/video-
head-impulse-test-deep-dive. Published May 30,
2023.

9. Jamaluddin SA, Omar NA. Normal Vestibulo Ocular
Reflex (VOR) gain Measured Using the Video Head
Impulse Test (VHIT) in Healthy Young Adults.
International Medical Journal Malaysia.
2020;18(3). d0i:10.31436/imjm.v18i3.197

10. Mantokoudis G, Tehrani ASS, Kattah JC, et al.
Quantifying the Vestibulo-Ocular Reflex with
Video-Oculography: Nature and Frequency of
Artifacts. Audiology and Neuro-otology
2014;20(1):39-50. d0i:10.1159/000362780

11. Hansson A, Salzer ]. Normative video head impulse
test data in subjects with and without vascular risk
factors. European Archives of Oto-rhino-
laryngology. 2020;278(7):2619-2624.
doi:10.1007/s00405-020-06332-w

48| Int. ]. Med. & Allied Health Sci. Vol. 03, Issue 02 (Apr-June, 2023)



