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Abstract

Background: Video head impulse test (vHIT) is widely accepted as a test for the assessment of func-
tional integrity of semicircular canals (SCCs). It allows for the evaluation of the functioning of all six SCCs

independent of each other. It works on the principle of the vestibulo-ocular reflex (VOR). In individuals
with vestibular pathologies, the VOR is impaired, and hence, the use of vHITmay provide vital information

about the functional status of SCCs and the VOR pathway originating from them.

Purpose: In the recent past, studies reported excellent test–retest reliability of vHIT in healthy individ-

uals. However, these studies used analysis of variance or the nonparametric counterpart Wilcoxon
signed-rank test, which are insufficient statistical methods for conclusions about test–retest reliability.

Further, because vHIT assesses VOR function in individuals with vestibular pathologies, it is important
to assess test–retest reliability in the pathological group as well. Therefore, the present study aimed to

evaluate test–retest reliability of vHIT in healthy individuals and individuals with vestibular pathology.

Research Design: Repeated measures.

Study Sample: Twenty healthy individuals with no history of vestibular pathology and 20 individuals with
known vestibular pathology were included.

Data Collection and Analysis: Each participant underwent vHIT testing for all three SCCs of both sides
on four different occasions. VOR gain and the presence of pathological saccades were noted and an-

alyzed for each recording.

Results: Intraclass correlation coefficient (ICC) revealed excellent test–retest reliability for VOR gain in

both groups (ICC $ 0.76). Kappa coefficient analysis for the presence of refixation saccades demon-
strated moderate to excellent agreement between test sessions (K $ 0.63) for the lateral canal. For

the anterior and posterior SCC, there was large variability between sessions for refixation saccades.

Conclusions: This study provides evidence about test–retest reliability of VOR gain and refixation sac-

cades assessed using vHIT in healthy individuals and individuals with vestibulopathies. These findings
suggest that both measures are highly reliable and replicable across test sessions, except refixation sac-

cades in vertical canals which varied between sessions in some individuals.
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INTRODUCTION

T
hevisual image is maintained on the fovea of the

retina during angular head movement due to

the vestibulo-ocular reflex (VOR) initiated in

the semicircular canals (SCCs). When the head rotates

with a certain speed and direction, the VOR causes the

eyes to rotate with the same speed but in the opposite
direction. Thus, the combination of head and eye rota-

tion ultimately produces a near zero displacement of the

object’s image on the retina. In cases of a deficient VOR,

steady gaze during head motion is not maintained.

Hence, the VOR functions to maintain stable visual im-

ages during active head rotation. However, defects

caused by vestibular pathology in these reflex path-

ways would result in various physiological signs and
symptoms.

The VOR pathways originating in the lateral SCC

can be assessed by caloric irrigation, rotary chair test-
ing, and scleral search coils (Halmagyi and Curthoys,

1988). However, there was paucity of tests for the objec-

tive assessment of SCC function in humans without ob-

vious discomfort to the participants (MacDougall et al,

2013) until Halmagyi and Curthoys (1988) developed a

bedside screening tool to assess the lateral SCC func-

tion. This was later expanded for evaluating the poste-

rior and anterior SCCs (Aw et al, 1996). Now the same
head impulse test has been developed into a video-based

test called the video head impulse test (vHIT). vHIT

allows for assessment over a broader range of VOR

frequencies in a comfortable way rather than either ca-

loric stimulation, rotary chair, or scleral search coils.

vHIT is a relatively new clinical tool for assessing the

functionality of each of the six SCCs independently. In

this test, the eye movements generated by the VOR in

response to brief, unpredictable, passive head rotations
are recorded and computed along with the head move-

ment to give ameasure of the VOR gain. To do so, it uses

a high-speed digital video camera to record the eye

movement during head rotations and a sensor to mea-

sure the head velocity (Manzari et al, 2011; Murnane

et al, 2014). The brief head impulses delivered along

horizontal and vertical planes are used for the assess-

ment of the lateral SCC and vertical SCC (anterior and
posterior), respectively. The vertical canals are oriented

at approximately 45� away from the midsagittal plane

of the head. The anterior SCC of one side is oriented ap-

proximately parallel to the posterior SCC of the other

side and, therefore, forms functional pairing (MacDougal

et al, 2013). Owing to this, the head is turned 45� to the

right for testing the left anterior and right posterior

(LARP) SCCs and 45� to the left side for assessing the
right anterior and left posterior (RALP)SCCs (MacDougal

et al, 2013). Therefore, vHIT allows for the assessment

of all six SCCs. This was validated against the scleral

search coil test, the gold standard test for VORmeasure-

ment, and found to yield the same results (MacDougall

et al, 2009; 2013; Agrawal et al, 2014).

vHIT provides amechanism to quantify the VOR gain

and record the presence of refixation saccades. The
presence of refixation saccades has long been identified

as an indicator of deficient VOR and, thus, vestibular

impairment (Halmagyi and Curthoys, 1988; Aw et al,

1996;MacDougall et al, 2009;Manzari et al, 2011;Murnane

et al, 2014). Refixation saccades are of two types—

overt and covert saccades.When the eyemovement fails

to maintain the target during brief head movements/

impulse, the eyes miss the target only to quickly refix-
ate after completion of the head movement. Such

saccades are called overt saccades. These can be

visualized by an experienced clinician. In certain indi-

viduals, such saccadic corrections are generated while

the head impulse is still in process and these are called

covert saccades (Judge et al, 2017). The presence of ei-

ther of these two types of refixation saccades is con-

sidered a positive indicator for vestibulopathy
(MacDougall et al, 2009; Manzari et al, 2011; Murnane

et al, 2014). However, to establish a diagnosis based

on vHIT, it is imperative to establish that results on

the test do not change when repeating the test on the

same individual (test–retest reliability). Studies on

healthy participants with no vestibular pathologies

have shown excellent test–retest reliability by showing

no significant difference in VOR gain between test ses-
sions using repeated measures analysis of variance (re-

peatedmeasures ANOVA) orWilcoxon signed-rank test

for within-participant comparisons (Murnane et al,

2014; Bansal and Sinha, 2016; Ross and Helminski,

2016). Nonetheless, these measures compare the cen-

tral tendencies of measurements obtained between

two sessions on the same participant and, therefore,

may not accurately provide a measure of test–retest re-
liability of vHIT, especially when used in isolation (i.e.,

without using other methods such as intraclass correla-

tion coefficient [ICC] or Cronbach’s alpha) (Bruton et al,

2000). Unfortunately both the aforementioned studies

(Murnane et al, 2014; Bansal and Sinha, 2016) used

comparison of means or mean ranks in isolation, which

are reported to be inappropriate measures of test–

retest reliability when used in isolation (Zaki et al,
2013). An alternate method of assessing test–retest re-

liability is ICC (Brown, 1997; Zaki et al, 2013). Themod-

ern version of the ICC calculates the coefficient values

using variance estimates through partitioning of the to-

tal variance between andwithin subject variance (Bruton

et al, 2000;Weir, 2005; Zaki et al, 2013) whichmakes this

a more suitable measure of test–retest reliability, more

so when compared against methods using comparisons
of measures of central tendencies. This was clearly

demonstrated by the example shown in Table 2 of

the study by Zaki et al (2013). In that example, the au-

thors clearly illustrated that despite poor test–retest
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reliability of the data, procedures using comparison of

means showed no significant difference between ses-

sions, causing a misleading perception of high degree

of test–retest reliability. For a more detailed explana-
tion, readers may refer to Zaki et al (2013). Even

though Korsager et al (2016) did use ICC as a measure

of the test–retest reliability, they examined it only for

the lateral SCC. The vertical canals were not assessed

in their study. Furthermore, the extent to which the

results can be reliably replicated in individuals with

vestibular pathologies is yet to be investigated. Hence,

the aim of the present study was to establish the test–
retest reliability of VOR gain and presence of refixa-

tion saccades obtained through vHIT in healthy in-

dividuals and individuals with known vestibular

pathologies.

METHOD

Participants for the Study

The study was approved by the institutional review

board as part of an intramural funded project. The

study included 20 healthy individuals in the age range

of 18–30 years (mean 5 22.2 years), which included 14

female and 6 male participants. These participants had

no history or complaint of vestibular, otological, or neu-

rological problems. The study also included 20 consec-
utive participants in the age range of 21–80 years (mean5

45 years) with vertigo as the primary complaint. Of

these, nine participants were later diagnosed with def-

inite Meniere’s disease (MD) (five bilateral, two right,

and two left ears), nine with benign paroxysmal posi-

tional vertigo (BPPV) in the posterior canal (two bilat-

eral, two right, and five left ears), one had labyrinthitis,

and one had vertebrobasilar insufficiency. None of them
had received any treatment for these problems, except

the participant with labyrinthitis, before or during the

course of the study. The participant with labyrinthitis

was treated with antibiotics and other necessary med-

ications during the hospital stay; however, he continued

to experience residual vertigo during the chronic phase.

These participants were diagnosed by a team of expe-

rienced professionals consisting of an audiologist, an
otorhinolaryngologist, and a neurologist. The diagnosis

of MD was made using the criteria put forth by the

American Academy of Otolaryngology-Head and Neck

Surgery (AAO-HNS, 1995), whereas the diagnosis of

BPPV was made following the criteria established by

Bhattacharyya et al (2008). Diagnosis of labyrinthitis

was accomplished through the presence of unilateral

sudden hearing loss and history of sudden onset of per-
sistent vertigo, followed by vomiting for three days until

hospitalized and treated for infection. He also reported

history of upper respiratory tract infection in days im-

mediately preceding the vertigo attack. The neurological

and radiological investigations showed negative results

for space-occupying lesions, stroke, or ischemia. The di-

agnosis of vertebrobasilar insufficiency was made after

an agreement between the otorhinolaryngologist and
neurologist on reviewing the radiological and other lab-

oratory test profiles.

INSTRUMENTATION AND CALIBRATION

All participants underwent vHIT by using the ICS

Impulse equipment that has video goggles with

a monocular camera capable of recording at a speed
of 250 frames/second. The goggles were secured tightly

using an elastic band around the head, ensuring ade-

quate visibility of the pupils. Each participant was

seated at distance of 1 m from the wall, and a fixed tar-

get point (a large dot) was placed on the wall at the eye

level at a distance. The device was calibrated for 10� eye
movement using laser pointers that projected visual

targets alternately at an angle of 10� on either side of
the center target point on the wall.

Procedure

The clinician’s both hands were placed on the head of

the participant for lateral canal testing, whereas one

hand was placed on the head and the other hand was

supporting the chin of the participant for RALP and
LARP. Then, small rapid, passive, unpredictable head

rotations were made along the plane of the SCC being

tested while maintaining head displacements between

10� and 20� and peak head velocity between 100� and
250� per second for the lateral canal and 50�–250� for
vertical canals. The participant’s task was to maintain

gaze on the center target point on the wall. Each par-

ticipant underwent vHIT testing on four separate occa-
sions to establish test–retest reliability. The first vHIT

testing was carried out when the patient came to the

outpatient department with the complaint of vertigo.

The second vHIT test was performed when audiological

evaluations were carried out. The third evaluation was

performed on the day the participant came to make an

appointment for the video nystagmography (VNG) test

battery in the vertigo clinic, and the fourth evaluation
was performed on the day of VNG test, but before un-

dergoing VNG testing. On average, four to six dayswere

taken to complete all four sessions, and there was a gap

of minimum a day and maximum two days difference

between sessions. Therefore, participants in the clinical

group were not deprived of treatment for the sake of the

study, and none of them were on medications between

the first and fourth vHIT evaluation. Participants in
the control group (healthy individuals) were tested with

similar time gaps between sessions. There was a gap

of a day between sessions for the control group, and

in four days, all four sessions were completed. All
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participants in the healthy and pathological groups

were tested by the same clinician in all four sessions.

For the lateral canal, horizontal head impulses were

made while the clinician held the participant’s head
firmly, ensuring no contact with the headband of the

goggles, and turned the head briskly to the left/right

randomly while the participant maintained their gaze

on the target.

For vertical canals, the head was turned to left or

right by 45� and RALP and LARP of the other modules,

respectively, were used. RALP was used to test the

functionality of the RALP SCC, whereas LARP was
used to investigate the function for integrity of the

LARP SCC. For testing these vertical SCCs, the partic-

ipant was instructed to maintain gaze at the pointer on

the wall. The vertical head rotation impulses were de-

livered in such a way that the movement was along the

anterior canal of one side and the posterior canal of the

other side. Feedback about the SCC being stimulated

was provided by the software, and hence, the appropri-
ate angle of head rotation was obtained to ensure the

noninvolvement of other SCCs. Responses for 40 im-

pulses, 20 in each direction, were recorded for each

SCC pair (lateral, LARP, and RALP). Rest breaks of ap-

proximately five minutes were provided between tests

for lateral, RALP, and LARP planes.

Measures

Outcome measures were VOR gain and the presence

of refixation saccades. The VOR gain was measured as

the ratio of the eye velocity to the head velocity. The

VOR gain was calculated automatically by the equip-

ment, which it does by using the area under the curve

for each head impulse (with desaccading). Finally, an

average value of VOR gain for all impulses in a partic-
ular direction of head impulse is shown on the screen on

completion of the test. These were considered the final

VOR gain. Furthermore, the presence of refixation sac-

cadeswas automatically identified by the software as an

eye movement that lagged the head movement and was

color coded as red. Failure of the eyes to remain focused

on the target because of their displacement caused by

head rotation away from the target triggers saccadic
eye movement to refocus on the target. This is called

‘‘refixation saccade.’’ The presence of overt and covert

saccades during or soon after the head impulses in

the VOR graph was detected as refixation saccades.

To eliminate the artifactual responses being processed

as a true refixation saccade, the clinician monitored the

video recording of the eye movement during the im-

pulses. Any such artifactual responses were deleted from
the final responses that were considered for reporting

the outcomes. The presence of such a refixation sac-

cade on .50% of the head impulses was operationally

defined ‘‘as an indicator’’ of pathology.

Statistical Analyses

Descriptive statistical analyses were used to obtain

mean and standard deviation (SD) of VOR gain for each
SCC. Test–retest reliability was evaluated separately

in healthy individuals and individuals with vestibular

pathologies. Two-way mixed-effects model of the ICC

was used with an absolute agreement definition. This

model was used because the two-way mixed-effects

model has been reported to be most suitable for inves-

tigating test–retest reliability when a single examiner

has provided multiple scores, as it would be unreason-
able to generalize one examiner’s scores to a larger pop-

ulation of examiners (Shrout and Fleiss, 1979; Koo and

Li, 2016). This model was also used because repeated

measurements by the same examiner on the same sam-

ple cannot be considered as randomized samples (Portney

and Watkins, 2000). Finally, the absolute agreement

definition was chosen because measurements would be

pointless if there is lack of conformity between the re-
peated measurements. More detailed explanations for

the need to choose the two-way mixed-effects model for

evaluating test–retest reliability when multiple scores

are given by a single examiner are available in a pub-

lication by Koo and Li (2016). ICC values were noted

for each of the three planes vHIT (lateral, RALP, and

LARP). The presence of refixation saccades and their

test–retest reliability were analyzed using kappa coef-
ficient analyses.

RESULTS

The study participants consisted of 20 healthy indi-

viduals (40 ears). The data for both ears were com-

bined for analysis because of finding no significant

difference in VOR gain between the ears in any session

when evaluated using the Wilcoxon signed-rank test.

A table containing the Z-values and p-values as the out-

come of the Wilcoxon signed-rank test for within group
between ears comparisons of VOR gain is given as Sup-

plemental Table S1 (available with the online version of

this article). The study also consisted of 20 individuals

with unilateral/bilateral vestibular pathologies (n 5 28

ears). There were 12 individuals with unilateral vesti-

bulopathies, and hence, therewere 12 unaffected ears of

individuals with vestibular pathologies. These individ-

uals of both the groups underwent vHIT using lateral,
LARP, and RALP plane modules. Figure 1 shows head

and eye velocity recordings across four sessions from

one representative healthy individual, whereas Figure

2 shows a similar pattern of recordings from one individ-

ual with bilateral MD. It can be observed from Figure 1

that there were no refixation saccades in any SCC plane

and the traces for the head (represented in blue for left

and orange for right side impulses) and eye (represented
in green, irrespective of the eye movement direction)
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movement nearly completely overlapped, indicating

normal VOR gains. Figure 2 clearly shows the pres-

ence of covert refixation saccades (red color traces)

on both side lateral SCC in all sessions, but only on

the right posterior SCC in session 1.

VOR gains were calculated and subjected to descrip-

tive statistical analyses for obtainingmean and SD. The

number of ears with the presence of refixation saccades
was also counted for each test session. Refixation sac-

cades were analyzed with respect to the plane of vHIT

excitation and laterality lesion. Table 1 shows mean

and SD of VOR gain obtained for all six SCCs in all four

test sessions. The table also shows the number of ears

with the presence of significant refixation saccades in

all four sessions in each canal’s plane.

In healthy individuals (nonpathological group), the
ICC values were found to be 0.775 [F(39, 120) 5 4.443,

p , 0.001], 0.863 [F(39, 120) 5 7.288, p , 0.001], and

0.768 [F(39, 120) 5 4.308, p, 0.001] for lateral, anterior,

and posterior SCCs, respectively. In individuals with

vestibular pathologies, data were separately ana-

lyzed as affected ears and unaffected (asymptomatic)

ears. The ICC values in 28 affected ears were 0.959

[F(27, 84) 5 24.349, p , 0.001], 0.929 [F(27, 84) 5 14.163,
p , 0.001], and 0.939 [F(27, 84) 5 16.465, p , 0.001] for

lateral, anterior, andposteriorSCCs, respectively.Similarly,

the ICC values in the unaffected ears for lateral, anterior,

and posterior SCCs were 0.816 [F(11, 36) 5 5.448,

p , 0.001], 0.899 [F(11, 36) 5 9.906, p , 0.001], and

0.736 [F(11, 36) 5 3.786, p , 0.01], respectively.

Although overall results revealed excellent test–

retest reliability over four sessions in clinical and con-

trol groups, the individual participant data were closely

observed for agreement across the four sessions and

some discrepancies could be observed among sessions.
In the control group, there was no discrepancy in VOR

gain interpretations for any of the SCCs. In the un-

affected ears of individuals in clinical groups, the in.-

dividual participant data again showed no discrepancy

among sessions for lateral SCCs; however, there was

discrepancy in VOR gain for the anterior SCC in two

ears (one participant had normal VOR gain in three ses-

sions, whereas reduced in one session, and another par-
ticipant had reduced VOR gain in three sessions, but

normal in one session). Also, there was discrepancy

in VOR gain for the posterior SCC among sessions in

two ears, one each of two participants (one participant

had normal VOR gain in two sessions and reduced in

two sessions, whereas another participant had reduced

VOR gain in three sessions but normal in one session).

The affected ears showed discrepancy in VOR gain in-
terpretation in two ears for the lateral SCC, two ears for

the anterior SCC, and four ears for the posterior SCC.

The session-wise findings of VOR gain in individuals

Figure 1. Representative vHIT recordings of four different sessions for lateral, LARP, and RALP SCC in a healthy individual. Note that
blue and orange colors represent traces from left- and right-sided head impulses, respectively, whereas green color traces represent eye
movement irrespective of the direction of movement. (This figure appears in color in the online version of this article.)
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with discrepant results among sessions are shown in

Table 2. Figure 3 shows the vHIT traces of an individual

with a diagnosis of MD in the right ear, who showed dis-

crepancy in VOR gains between sessions (first partici-

pant in Table 2).

The refixation saccades were mainly evidenced dur-
ing the examination of lateral SCC and rarely witnessed

during the evaluation of the other SCCs. Kappa coeffi-

cient was carried out to examine test–retest reliability

of the presence of significant refixation saccades (pres-

ence in .50% of head thrusts for a canal). Results

revealed no significant difference for the presence of

refixation saccades between the test sessions with a

minimum K-value of 0.63 when assessing the lateral
SCC. However, on evaluations of anterior and posterior

SCCs for the presence significant saccades, a significant

Figure 2. Representative vHIT recordings of four different sessions for lateral, LARP, and RALP SCC in an individual with bilateral
MD. Note that blue and orange colors represent traces from left- and right-sided head impulses, respectively, whereas green color traces
represent eye movement irrespective of the direction of movement and red color is used to indicate refixation saccades, which is also
represented by circles around the traces. (This figure appears in color in the online version of this article.)

Table 1. Mean and SD of VORGain and Number of Ears with the Presence of Refixation Saccades for Lateral, Posterior,
and Anterior SCCs Across the Four Test Sessions

Parameter Session

Healthy Individuals

(n 5 40 Ears)

Affected Ears of Individuals with

Vestibulopathy (n 5 28 Ears)

Unaffected Ears of Individuals with

Vestibulopathy (n 5 12 Ears)

Lateral Posterior Anterior Lateral Posterior Anterior Lateral Posterior Anterior

VOR gain 1 0.99 (0.12) 0.82 (0.07) 0.86 (0.13) 0.90 (0.20) 0.76 (0.16) 0.81 (0.18) 1.00 (0.12) 0.90 (0.09) 0.87 (0.10)

2 0.99 (0.14) 0.83 (0.12) 0.84 (0.12) 0.92 (0.23) 0.72 (0.17) 0.76 (0.22) 1.03 (0.13) 0.88 (0.07) 0.94 (0.16)

3 1.03 (0.15) 0.82 (0.10) 0.85 (0.13) 0.92 (0.21) 0.72 (0.14) 0.71 (0.18) 0.99 (0.12) 0.87 (0.08) 0.99 (0.13)

4 0.99 (0.13) 0.83 (0.10) 0.85 (0.12) 0.92 (0.20) 0.72 (0.16) 0.73 (0.21) 1.05 (0.12) 0.89 (0.10) 0.90 (0.10)

Refixation

saccades

1 0 0 0 13 2 1 9 0 0

2 0 0 0 16 2 0 9 3 0

3 0 0 0 15 2 2 9 3 0

4 0 0 0 13 1 1 9 2 0

Head

velocity

1 133.30 (22.24) 125.10 (20.43) 123.20 (18.21) 133.23 (12.46) 124.10 (13.85) 123.17 (13.68) 133.23 (14.49) 123.55 (16.35) 123.44 (18.26)

2 136.17 (22.19) 123.16 (21.72) 125.43 (18.72) 133.12 (16.32) 122.39 (17.24) 122.26 (14.46) 134.46 (16.86) 122.79 (17.44) 122.21 (16.31)

3 134.21 (19.69) 128.92 (19.01) 127.13 (19.22) 136.34 (15.93) 123.85 (15.34) 124.78 (13.12) 135.79 (15.27) 124.37 (16.21) 127.57 (18.29)

4 134.22 (20.17) 123.32 (20.11) 127.10 (17.99) 130.32 (17.12) 125.78 (14.23) 125.67 (14.13) 138.45 (17.27) 129.59 (12.92) 124.19 (18.92)

Note: n 5 number of ears.
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difference was found between sessions with large vari-

ability between session pairs. Hence, the presence of

refixation saccades in the lateral SCCwas amore consis-

tent finding than in the anterior and the posterior SCCs

in the pathological group.

DISCUSSION

I n the present study, test–retest reliability of VOR

gain measured with vHIT across four sessions for

all SCC pairs produced ICC $ 0.76. Versino et al

(2001) classified the test–retest reliability to be excel-

lent, moderate, and poor when the coefficient values
were .0.7, 0.4–0.7, and ,0.4, respectively. Therefore,

the VOR gain was found to have excellent test–retest

reliability for all SCC pairs in both groups of the present

study. Previous attempts at studying the test–retest

reliability of the VOR gain assessed using vHIT also

reported high test–retest reliability by observing no

significant difference in VOR gain between test sessions

(Murnane et al, 2014; Bansal and Sinha, 2016). How-
ever, their conclusions were based on the findings of re-

peated measures ANOVA (Murnane et al, 2014) or the

Wilcoxon signed-rank test (Bansal and Sinha, 2016).

Unfortunately, these are measures of the central ten-

dencies and, therefore, compare means, medians, or

ranks and not the performance of the same individual

on two or more occasions. Repeated measures ANOVA

or the Wilcoxon signed-rank test would yield ‘‘no sig-
nificant difference,’’ which could give a false repre-

sentation of test–retest reliability. Thus, the lack of

group mean, median or rank difference shown by the

Table 2. Session-Wise Details of VOR Gain Findings in Individuals with Discrepancy in Findings Among the Sessions

Diagnosis

Right Left

Lateral SCC Anterior SCC Posterior SCC Lateral SCC Anterior SCC Posterior SCC

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Right MD 0.84 0.76 0.78 0.80 0.73 0.69 0.65 0.66 0.68 0.65 0.64 0.72 0.99 1.06 1.06 0.90 0.78 0.71 0.71 0.68 0.74 0.68 0.68 0.66

Right MD 0.77 0.78 0.91 0.93 0.92 0.87 0.74 0.88 0.91 0.95 0.96 0.85 0.95 0.95 0.96 0.98 0.75 0.59 0.68 0.61 0.74 0.72 0.66 0.67

Bilateral MD 0.89 0.82 0.95 0.90 0.68 0.61 0.67 0.73 0.71 0.73 0.74 0.72 0.96 0.92 0.95 0.88 0.84 0.89 0.86 0.89 0.87 0.85 0.88 0.89

Bilateral MD 0.56 0.58 0.58 0.62 0.68 0.67 0.60 0.64 0.55 0.59 0.74 0.72 0.83 0.87 0.81 0.84 0.79 0.82 0.85 0.78 0.76 0.69 0.69 0.72

Right BPPV 0.87 0.86 0.96 0.95 0.90 0.88 0.77 0.93 0.81 0.77 0.69 0.65 0.87 0.87 0.86 0.88 0.81 0.84 0.81 0.82 0.86 0.88 0.85 0.91

Bilateral BPPV 0.85 0.85 0.83 0.88 0.68 0.64 0.62 0.62 0.82 0.78 0.69 0.67 0.99 0.91 0.91 0.93 0.88 0.89 0.88 0.88 0.87 0.89 0.83 0.86

Note: Digits 1–4 indicate session number.

Figure 3. Discrepancy in the VOR gain in vHIT recordings of an individual withMD in the right ear. (This figure appears in color in the
online version of this article.)
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abovementioned studies does not truly represent test–

retest reliability. The computation of ICC is an effective

tool formeasuring the test–retest reliability of anymea-

sure (Hatcher, 1994), and hence, using this statistical
analysis is an appropriate method. To the best of our

knowledge, the present study is the first attempt at eval-

uating the test–retest reliability of vHIT in all SCC

planes. Findings indicate that VOR gain can be repeat-

edly obtainedwith high degree of accuracy and precision.

Even though previous studies used different statis-

tics to that used in the present study, the findings of

the present study are in agreement with those reported
previously.

An interesting finding in the present study was ob-

served when analyzing the individual participant data.

Whereas there was no observable discrepancy in ‘‘nor-

mal’’ or ‘‘abnormal’’ results between sessions in any

SCC in the healthy individuals group, small discrep-

ancies were observed in unaffected and affected ears

of individuals with vestibular pathologies. A close exam-
ination showed that the discrepancies were restricted

to only individuals withMD or BPPV. Although the ex-

act pathophysiology of variations in vHIT results in

MD is yet to be clearly understood, the duration since

last attack might have played a part in producing the

discrepancy. While all participants with MD in the pre-

sent study were tested during the asymptomatic period,

the discrepancies appeared evident in only those in
whom the last attack was three to four days ago. In a

study, Mahringer and Rambold (2014) reported that

the chance of obtaining an abnormal result on vHIT

increases in case it is administered within five days of

the attack of MD and subsequently the chances of ab-

normal results on vHIT reduces with increasing dura-

tion since the last attack. Because, the four sessions in

the present study were separated by up to six days, the
findings could have been possibly discrepant between

the sessions that fell within five days of the MD attack

and those that fell beyond this interval. Although the

reasons for such changes in vHIT within or beyond the

five days interval are not quite clear, they might be

a plausible explanation. Furthermore, such findings

in the unaffected ears could be possible because of the

‘‘latent’’ or ‘‘occult’’ MD in the unaffected ears, which
has been reported using a number of tests including

cervical vestibular evoked myogenic potentials

(cVEMP) (Ribeiro et al, 2005; Lin et al, 2006; Fouly

et al, 2012), electrocohleography (Visu and Singh,

2012), and oto-acoustic emissions (Magliulo et al, 2004)

previously. The discrepancy among sessions was also

observed in two cases with BPPV, one unilateral, and

one bilateral. These discrepancies were observed in the
VOR gain of the posterior SCC, which could be related

to probably the pathology state at the time of testing.

However, more research is needed on vHIT in BPPV to

understand these findings clearly.

The presence of refixation saccades and their test–

retest reliability in vHIT was found to be moderate

to excellent for lateral SCC evaluation; however, they

was found to be poor to moderate for vertical SCC.
None of the investigators looked at the test–retest re-

liability of this parameter. Present study suggests the

presence of refixation saccades can be reliably and re-

peatedly recorded when evaluating lateral SCC but

not vertical SCC. A study by Korsager et al (2016) re-

ported better reliability for the presence of refixation

saccades than the VOR gain between the clinicians;

however, this was shown only for the lateral SCC.
Korsager et al (2016) did not examine the test–retest

reliability of LARP and RALP, the measures that as-

sess functioning of the vertical canals on either side.

Therefore, the present study may be treated as an ex-

tension to their work with more details on vertical ca-

nals in addition to the lateral canal. Furthermore,

Korsager et al (2016) reported that the clinician’s ex-

perience would affect the VOR gain, but not the pres-
ence of refixation saccades in the evaluation of

vestibular function. In the present study, all the four

sessions were tested by the same clinician, and hence,

the variability in clinician could not have been the

cause of variations in the VOR gain or the refixation

saccades in the present study. In addition, the clini-

cian received supervised training for more than six

months before the data collection for the present study
and, therefore, the clinician’s experience would also

not have caused changes between sessions. Nonethe-

less, it is also not clear as to why the vertical canals

vHIT testing was associated with lesser degree of

test–retest reliability. Minor variations in the angle

of head rotation could be a possible reason for the

same. For example, although the head should be ro-

tated to 45� to the left or right for RALP or LARP, re-
spectively, the software takes it as acceptable and

flashes green signal if the head is turned by any angle

between 35� and 45�. Therefore, changes in the head

rotation angle between these two values across sessions

could have caused the variation in results, thereby

causing poor repeatability between sessions. However,

more experimental evidences are needed to substantiate

the aformentioned possible reason for poorer test–
retest reliability of the vertical canals’ vHIT outcomes.

CONCLUSIONS

Results of the present study show excellent test–

retest reliability of VOR gain for SCC pairs. In

terms of the presence of refixation saccades, the reliability

was good only for the lateral SCC. Hence, the VOR
gain appears to be more reliable across sessions than

the presence of refixation saccades, and the presence

of refixation saccades is reliable only for the lateral

SCC. Therefore clinicians need to exercise cautionwhen

751

Test–Retest Reliability of vHIT/Singh et al

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



interpreting results of the vertical SCC based on the

presence of refixation saccades.
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