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Abstract

Background: Numerous video head impulse test (vHIT) devices are available commercially; however,

gain is not calculated uniformly. An evaluation of these devices/algorithms in healthy controls and pa-
tients with vestibular loss is necessary for comparing and synthesizing work that utilizes different devices

and gain calculations.

Purpose: Using three commercially available vHIT devices/algorithms, the purpose of the present study

was to compare: (1) horizontal canal vHIT gain among devices/algorithms in normal control subjects;
(2) the effects of age on vHIT gain for each device/algorithm in normal control subjects; and (3) the clinical

performance of horizontal canal vHIT gain between devices/algorithms for differentiating normal versus
abnormal vestibular function.

Research Design: Prospective.

Study Sample:Sixty-one normal control adult subjects (range 20–78) and eleven adults with unilateral or

bilateral vestibular loss (range 32–79).

Data Collection and Analysis: vHIT was administered using three different devices/algorithms, ran-

domized in order, for each subject on the same day: (1) Impulse (Otometrics, Schaumberg, IL; monocular
eye recording, right eye only; using area under the curve gain), (2) EyeSeeCam (Interacoustics, Den-

mark; monocular eye recording, left eye only; using instantaneous gain), and (3) VisualEyes (MicroMedical,
Chatham, IL, binocular eye recording; using position gain).

Results: There was a significant mean difference in vHIT gain among devices/algorithms for both the
normal control and vestibular loss groups. vHIT gain was significantly larger in the ipsilateral direction of

the eye used to measure gain; however, in spite of the significant mean differences in vHIT gain among
devices/algorithms and the significant directional bias, classification of ‘‘normal’’ versus ‘‘abnormal’’ gain

is consistent across all compared devices/algorithms, with the exception of instantaneous gain at
40 msec. There was not an effect of age on vHIT gain up to 78 years regardless of the device/algorithm.

Conclusions: These findings support that vHIT gain is significantly different between devices/algorithms,
suggesting that care should be taken when making direct comparisons of absolute gain values between

devices/algorithms.
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Abbreviations: ANOVA5 analysis of variance; AUC5 area under the curve; ROC5 receiver operating

characteristic; SD 5 standard deviation; vHIT 5 video head impulse testing; VOR 5 vestibulo-ocular
reflex

INTRODUCTION

T
he video head impulse test (vHIT) allows exam-

iners to objectively assess the vestibulo-ocular

reflex (VOR) during head impulses in the plane

of each semicircular canal (horizontal, anterior, andpos-

terior). The purpose of the VOR is to maintain steady

vision during head movement by initiating a reflexive

eye movement that is equal and opposite to that of head

movement. During vHIT, a head-worn gyro-meter mea-
sures angular head velocity and an infrared camera

measures angular eye velocity during each head im-

pulse. In the event of abnormal VOR function, vHIT

identifies both overt and covert corrective reset sac-

cades (i.e., corrective reset saccades that occur after

and during the head impulse, respectively), indicating

abnormal VOR function and the inability to maintain

steady vision during head movement (MacDougall
et al, 2009). Advantages of vHIT over other clinical ves-

tibular measures of canal function (e.g., calorics, rotary

chair) are that it provides information regarding indi-

vidual canal function, is quick to administer, and does

not induce dizziness; however, its relationship to other

tests of canal function suggests that vHIT is not a re-

placement to, but adjunctive to other tests of vestibular

function (MacDougall et al, 2009; McCaslin et al, 2014;
2015; Bell et al, 2015; McGarvie et al, 2015a).

The most common outcome parameter reported with

vHIT is VOR gain. VOR gain is calculated as the ratio of
eye velocity to head velocity. Whereas numerous vHIT

devices are available commercially, the gain is not cal-

culated uniformly. To our knowledge, no study to date

has compared the vHIT gain collected from different

commercially available vHIT systems, which is neces-

sary when comparing studies that have used different

devices. Therefore, in the current study, three different

vHIT devices were compared, with each calculating the
vHIT gain using a different method: (a) instantaneous

gain, (b) area-under-the-curve (AUC) gain, and (c) posi-

tion gain. For instantaneous gain, the gain is calculated

by dividing eye velocity by head velocity at a discrete

point in time after the initiation of the head impulse

(Figure 1A). For AUC gain, the gain is calculated by av-

eraging instantaneous gain (eye velocity divided by

head velocity at every point; cumulative gain) across
the duration of the head impulse (zero crossing point;

Figure 1B, shown by dotted lines). Reset saccades inter-

fere with gain calculations using AUC by artificially in-

flating the gain; therefore, the gain is calculated on

desaccaded waveforms (reset saccade removed; Figure

1B, removal of the reset saccade shown by black shad-

ing). For position gain, the gain is calculated by dividing

the total eye rotation (in degrees) by total head rotation
(in degrees) from the time the head impulse is initiated

Figure 1. Reduced eye velocity, which would produce reduced gain, with a covert reset saccade is depicted in the top panel with cor-
responding head velocity shown in the bottom panel during a head impulse for three types of gain algorithms: (A) Instantaneous gain
(Interacoustics EyeSeeCam), calculated by dividing eye velocity by head velocity at a discrete point in time; (B) AUC gain (Otometrics,
Impulse), calculated by averaging instantaneous gain across the entire duration of the head impulse, not including any covert saccade
(dotted line); and (C) position gain (Micromedical VisualEyes), calculated by dividing the total eye rotation (in degrees) by total head
rotation (in degrees) from the time the head impulse is initiated to the start of a corrective reset saccade (hashed line).
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to the zero crossing, when normal, or to the start of a

corrective reset saccade, when abnormal (Figure 1C,

shown by dashed lines). This is effectively the same

as measuring AUC, but with a different stopping point.
It is unknown if these different devices, using different

methods of gain calculation, yield similar gain values

for individuals with normal and abnormal vestibular

function.

Whereas other tests of vestibular function have de-

monstrated vulnerability to aging, minimal effect of

age has been documented with respect to vHIT gain

(Davalos-Bichara and Agrawal, 2014; Matiño-Soler
et al, 2015; McGarvie et al, 2015b; Mossman et al,

2015). Age has been shown to have little effect on vHIT

gain until the eighth or ninth decade of life (Davalos-

Bichara and Agrawal, 2014; Matiño-Soler et al, 2015;

McGarvie et al, 2015b; Mossman et al, 2015), but this

work has not been replicated and evaluated with all de-

vices. Therefore, a second aim of the current study was

to evaluate the effect of age on vHIT gain for each vHIT
device and gain algorithm.

We hypothesize no significant differences in lateral

canal angular gain values among three commercial

vHIT devices, each using a different VOR gain algo-

rithm; however, subtle differences may occur, which

could affect the clinical performance or the comparison

of data obtainedwith different devices. Therefore, using

three commercially available vHIT devices, the purpose
of the present study was threefold, to compare (a) hor-

izontal canal vHIT gain among devices in normal con-

trol participants; (b) the effects of age on vHIT gain for

each device in normal control participants; and (c)

the clinical performance of horizontal canal vHIT gain

among devices for differentiating normal versus abnor-

mal vestibular function.

MATERIALS AND METHODS

Study Population

Control Sample

Sixty-one normal control adult participants (mean

age 5 49, range 5 20–78, 25 males, 10 participants

per decade) participated in the study. By case history,

all control participants denied significant hearing loss

or history of dizziness, imbalance, or other neurologic

complaints.

Patient Sample

Eleven adults with unilateral or bilateral vestibular
loss (mean age5 52.3, range5 32–79, 2males) also par-

ticipated. Unilateral vestibular loss was diagnosed by

caloric weakness (.30%). Bilateral vestibular loss

was diagnosed by reduced sinusoidal harmonic acceler-

ation rotary chair gains across the frequency spectrum

up to 0.32 Hz. Of the 11 adults with vestibular loss,

three had bilateral loss (six ears affected) and eight

had unilateral loss (four left and four right ears af-
fected, mean caloric weakness 5 70%, range 5 43–

91) for a total of 14 ears affected with vestibular loss.

Informed consent was obtained from all participants

for testing approved by the Institutional Review Boards

at Boys Town National Research Hospital and the Uni-

versity of Nebraska-Lincoln.

vHIT

The vHIT was administered using three different

devices/algorithms, randomized in order for each

participant on the same day: (a) Impulse (Otometrics,

Schaumberg, IL; monocular eye recording, right

eye only, using AUC gain; software version: 1.2), (b)

EyeSeeCam (Interacoustics, Denmark; monocular eye

recording, left eye only, using instantaneous gain; soft-
ware version: 1.1.1), and (c) VisualEyes (Micromedical,

Chatham, IL; binocular eye recording, using position

gain; software version: 8.11A). All head impulses were

completed by three examiners (K.L.J., J.A.H., and J.P.).

For any given participant, the same examiner com-

pleted the vHIT for each device. Each device was

calibrated according to manufacture recommendations.

For each vHIT, the participants were seated 1 m from a
visual target mounted at eye level on the wall. The

examiner stood behind the participant, placed hands

on the participant’s chin, and delivered randomized

(timing and direction) head impulses (100–250�/sec
peak head velocity) in the plane of the horizontal semi-

circular canal. Each manufacturer used different crite-

ria for the number of impulses required. Interacoustics

EyeSeeCam had no criteria, so testing was stopped
when approximately 20 head impulses were acquired

for each side, Otometrics Impulse required 20 accept-

able head impulses for each side, and Micromedical

VisualEyes required 10 acceptable head impulses for

each side. The outcome parameter was gain, which

was calculated differently for each device: (a) Instanta-

neous gain (Figure 1A; Interacoustics, EyeSeeCam); (b)

AUC (Figure 1B; Otometrics, Impulse); and (c) Position
gain (Figure 1C; Micromedical, VisualEyes). Of note,

vHIT gains using the position gain were automatically

rounded by the software.

Statistical Analyses

Either a paired samples t-test or a within-groups

analysis of variance (ANOVA) was completed to eval-
uate the effects of impulse side (rightward versus

leftward) on vHIT gain for each device/algorithm. Cor-

relations were calculated to investigate the relation-

ship between vHIT gain and age. A within-groups
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ANOVA was completed to evaluate mean differences

in vHIT gains between the three devices/algorithms.

All post hoc analyses used Tukey’s procedure. To

determine clinical accuracy of the different devices/
algorithms for detecting vestibular loss (control ver-

sus patient sample with significant caloric weakness),

Receiver operating characteristic (ROC) curves and

AUC were calculated, where an area of 1 represents

a perfect separation of controls from patients and

an area of 0.5 represents a test with poor diagnostic

accuracy.

RESULTS

The effects of vHIT device/algorithm and age on

the horizontal canal vHIT gain in normal control

participants

� Instantaneous gain: For instantaneous gain (mea-
sured using the left eye, Interacoustics EyeSeeCam),

the gain was calculated for rightward and leftward

head impulses as the median value at three laten-

cies: 40, 60, and 80 msec after the initiation of the

head impulse, shown in Table 1. A within-groups

ANOVAwas completed with impulse side (rightward

versus leftward) and latency (40, 60, and 80 msec) as

the within-subjects factors. There was a main effect
of impulse side (F[1, 60] 5 19.34, p , 0.001), with sig-

nificantly higher mean gain for leftward (0.99) com-

pared with rightward (0.94) head impulses. When

interpreting the simple effects, as shown by an aster-

isk (*) in Table 1, the mean gain was significantly

higher in the eye ipsilateral to the direction of head

impulse for 40 and 60 msec. There was also a main

effect of latency (F[2, 120] 5 22.86, p , 0.001), with
the gain significantly increasing as the latency in-

creased from 40 msec (0.91) to 60 msec (0.97) and

to 80 msec (1.01). There was a significant interaction

between impulse side and latency (F[2, 120] 5 3.442,

p 5 0.04), with differences in gains being more

pronounced between the latencies for rightward

compared with leftward head impulses. Age was

weakly correlated with the mean vHIT gain at
40 msec (r 5 0.27, p 5 0.037), but not correlated

at 60 (r 5 0.18, p 5 0.16) or 80 msec (r 5 0.14,

p 5 0.3).

� AUC gain: For AUC gain (measured using the right

eye, Otometrics Impulse), the gain for rightward and

leftward head impulses are shown in Table 1. Data
fromoneparticipantweredroppedasgainsweregreater

than three standard deviations (SDs) from the mean

(1.39 and 1.2 for right and left vHIT, respectively), sug-

gesting a possible calibration error (Mantokoudis et al,

2015). A paired samples t-test was completed compar-

ing rightward and leftward head impulses. Signifi-

cantly higher mean gain was noted for rightward

(0.99) versus leftward (0.92) head impulses (t 5 8.19,
p, 0.001), as denoted by an asterisk in Table 1. There

was no significant correlation between age and mean

vHIT gain (r 5 20.17, p 5 0.19).

� Position gain: For position gain (using both eyes si-

multaneously, Micromedical VisualEyes), gains for

rightward and leftward head impulses are shown in

Table 1. A within-groups ANOVA was completed

with impulse side and eye (right versus left) as

the within-subjects factors. For ten participants,
data were only available for either the right or left

eye; therefore, these data were not included in the

repeated measures analysis. There was no main ef-

fect of impulse side (F[1, 51] 5 1.24, p 5 0.27) or eye

(F[1, 51] 5 0.01, p 5 0.92); however, there was a sig-

nificant interaction between impulse side and eye

(F[1, 51] 5 52.63, p , 0.001). When interpreting

the simple effects, as shown by an asterisk (*) in Ta-
ble 1, the mean gain was significantly higher in the

eye ipsilateral to the direction of head impulse. Age

was not significantly correlated with vHIT gain for

eye (right: r5 0.09, p5 0.49; left: r5 0.09, p5 0.49).

Therewas no relationship between vHIT gain and age

in the normal control participants for any of the three

devices/algorithms, with the exception of instantaneous

gain at 40 msec. However, vHIT gain was significantly

larger in the ipsilateral direction of the eye used to mea-

sure gain. Because vHIT was measured with different

eyes for different devices, gains in response to rightward

and leftward head impulses were averaged for each de-
vice to eliminate this directional bias; the normal control

Table 1. Mean vHIT Gain Values

AUC
Instantaneous Gain Position Gain

Mean vHIT Gain Right Eye Left Eye 40 msec Left Eye 60 msec Left Eye 80 msec Right Eye Left Eye

Normal control rightward 0.99* [0.09] 0.89 [0.18] 0.94 [0.14] 1.0 [0.11] 1.08* [0.13] 1.01 [0.14]

Normal control leftward 0.92 [0.07] 0.94* [0.18] 1.0* [0.1] 1.01 [0.09] 1.02 [0.13] 1.09* [0.14]

Normal control average 0.95 [0.09] 0.91 [0.18] 0.97 [0.13] 1.01 [0.10] 1.05 [0.12] 1.04 [0.13]

Vestibular affected ear 0.32 [0.1] 0.31 [0.18] 0.25 [0.14] 0.32 [0.18] 0.49 [0.13] 0.46 [0.13]

Notes:Mean [SD] vHIT gain values for rightward, leftward, and overall (right and left combined) head impulses using AUC gain, instantaneous

gain, and position gain.

*Denotes significantly higher gain value compared with contralateral impulse.
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average values are shown in the third row of Table 1.

When comparing vHIT gains across devices/algorithms,

gain values with the least variability (i.e., smallest SD)

were used. Therefore, a within-groups ANOVA using
the mean [SD] gain for AUC (0.95 [0.09]), mean gain

at 80 msec for instantaneous gain (1.01 [0.1]), andmean

gain for the right eye for position gain (1.05 [0.12]) was

calculated to evaluate for differences between devices/

algorithms. There was a significant main effect for

device/algorithm (F[2, 110] 5 20.25, p , 0.001); post

hoc analysis revealed that AUC gain was significantly

lower than instantaneous gain at 80 msec (p , 0.001)
and position gain (p , 0.001), and that instantaneous

gain at 80 msec was significantly lower than position

gain (p 5 0.02), Figure 2 and Table 1.

The Effect of vHIT Device/Algorithm for

Differentiating Normal versus Abnormal

Vestibular Function

Abnormal vHIT gain was defined as being lower

than two SDs from the normal control average (Table

1). Example vHIT waveforms of a participant with left
vestibular loss are shown in Figure 3 for each device/

algorithm. The vHIT gain from the normal control

group and the gain from the ‘‘affected’’ ear of the ves-

tibular group were plotted in Figure 4; as shown, of the

14 ears affected with vestibular loss, ears were classi-

fied similarly on all devices/algorithms as having nor-

mal vHIT gain versus abnormal vHIT gain, with the

exception of instantaneous gain at 40 msec, where

one participant with abnormal gain for all other de-

vices/algorithms demonstrated overlap with the nor-
mal control group. It should be noted that data from

3/14 ears for instantaneous gain were lost because of

software failure; therefore, data from 11/14 ears are re-

ported for instantaneous gain. These results suggest that

in spite of the statistically significantmean differences in

vHIT gains between devices/algorithms and the signifi-

cant directional bias (significantly larger vHIT gain in

the ipsilateral direction of the eye used tomeasure gain),
classification of ‘‘normal’’ versus ‘‘abnormal’’ gain is con-

sistent across devices/algorithms with the exception of

instantaneous gain at 40 msec.

A within-groups ANOVA was calculated to evaluate

differences in mean gains between devices/algorithms

in the ears with abnormal vHIT gain: mean [SD] gain

for AUC (0.32 [0.1]), mean gain at 80 msec for instan-

taneous gain (0.32 [0.18]), and mean gain for the right
eye for position gain (0.49 [0.13]). There was a signifi-

cant main effect for device/algorithm (F[2, 16] 5 4.39,

p 5 0.03); post hoc analysis revealed that position gain

was significantly larger than both AUC and instanta-

neous gain at 80msec. Therewas no significant difference

betweenAUCand instantaneous gain at 80msec, Table 1.

ROC curves and AUC were calculated between the

vestibular (abnormal caloric weakness) and normal
control groups for each of the devices/algorithms, Table

2. Whereas these AUC values suggest good agreement

among devices/algorithms, the data also highlight a dis-

crepancy between caloric and vHIT results, given the

AUC values ,1.0.

DISCUSSION

A variety of vHIT devices are available commer-

cially; however, gain is not calculated uniformly

among devices. Thus, the purpose of this study was

to examine vHIT gain across a wide age range and

investigate the clinical performance of three differ-

ent vHIT devices, each using a different VOR gain al-

gorithm, for identifying peripheral vestibular system

dysfunction.
Regardless of device/algorithm, there were no signif-

icant relationships between vHIT gain and age in the

normal control participants ,78 yr of age. This finding

is consistent with others. Age-related decrements in

vHIT VOR gain have been noted in normal control pop-

ulations in the eighth or ninth decade of life (Davalos-

Bichara and Agrawal, 2014; Matiño-Soler et al, 2015;

McGarvie et al, 2015b; Mossman et al, 2015); however,
we did not perform vHIT on participants .78 yr of age.

The lack of age-related changes on VOR gain is in con-

trast to the anatomic and physiologic data that show

the onset of age effects before the sixth and seventh

Figure 2. Mean (rightward and leftward impulses) vHIT gain in
the normal control participants for each algorithm: PG 5 position
gain; IG 5 instantaneous gain; and AG 5 AUC gain. Mean vHIT
gain shown by horizontal bar.
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decades via histological studies documenting physiolog-

ical reductions in receptor function (Rosenhall, 1973;

Engström et al, 1974) and the vulnerability of other

tests of vestibular function to age (Janky and Shepard,

2009; Agrawal et al, 2012; Taylor et al, 2012). However,

McGarvie et al (2015b) suggest that the cerebellum is

instrumental in VOR repair and could be responsible

for overcoming the effects of age in vHIT.
vHIT gains were significantly larger in the ipsilateral

direction of the eye used to measure gain. Whereas

some investigators report symmetrical mean gain be-

tween right and left sides in normal control populations

(Weber et al, 2008a), a similar directional bias has been

reported (Weber et al, 2008b; Matiño-Soler et al, 2015;

McGarvie et al, 2015b; Yip et al, 2016). The difference in

VOR gains between right and leftward impulses has
been attributed to the ‘‘demand’’ placed on each eye dur-

ing head rotation; for instance, when gain is measured

over the right eye, rightward head rotations result in

larger right eye versus left eye rotations to maintain

steady gaze (i.e., larger demand) and vice versa for left-

ward rotations (McGarvie et al, 2015b). This directional

bias has also been attributed to differences in the neural

pathway between the ipsilateral and contralateral rec-

tus muscles (Weber et al, 2008b). Results of the current
study are consistent with these suggestions, and this

pattern of findings remained consistent regardless of

the eye used to measure the vHIT gain. In spite of this

directional bias, there were no differences in the ROC

AUC values between devices/algorithms for identify-

ing individuals with vHIT gain abnormalities. These

findings suggest that each device/algorithm performs

equally well at discriminating between normal versus
abnormal vHIT gain and that the interocular difference

Figure 3. Example vHITwaveforms in one participantwith left vestibular loss for each device/algorithm: (A) Instantaneous gain (gain5

0.54), (B) AUC gain (gain5 0.45), and (C) position gain (gain5 0.4). For each segment, time is along the x-axis, and eye and head velocity
are along the y-axis. Arrows notate corrective reset saccades.

Figure 4. vHIT gain in the normal control and vestibular loss groups across devices. Of note, vHIT gains using position gain are au-
tomatically rounded by the software. PG5 position gain; IG5 instantaneous gain; AUC5 area under the curve gain; R5 right; and L5

left; 40, 60, and 80 correspond to the msec at which the instantaneous gain was measured.
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due to camera placement does not affect clinical perfor-

mance, with the exception of instantaneous gain at

40 msec.

In the current study, instantaneous gain was calcu-
lated at 40, 60, and 80 msec after the initiation of the

head impulse, according to manufacturer specification.

Findings suggest that there is an effect of latency on the

clinical accuracy of vHIT gain and that 60 and 80 msec

are the preferred latencies for the detection of abnormal

vHIT gain.

Mean vHIT gains were also significantly different

amongdevices/algorithms. Innormal control participants,
the AUC gain was significantly lower than the instanta-

neous gain and position gain, and the instantaneous gain

was significantly lower than the position gain. In partic-

ipants with vestibular loss, position gain was signifi-

cantly higher than both instantaneous gain and AUC

gain. These findings suggest that whereas each device/

algorithm performs equally well at discriminating normal

versus abnormal VOR function, care should be taken
when making direct comparisons of gain obtained using

different devices.

Lastly, we examined the clinical performance of vHIT

for identifying peripheral vestibular system dysfunc-

tion. All devices/algorithms performed equally well at

identifying participants with a significant caloric weak-

ness; however, there was a disassociation between the

caloric test and vHIT given the AUC values ,1.0. Sev-
eral theories have been posed for the disassociation

between the vHIT gain and caloric asymmetry. One fac-

tor is the difference in stimulus frequency of the vHIT

and caloric test. The caloric stimulus is a low-frequency

assessment of vestibular function, whereas the vHIT is

a high-frequency assessment (McCaslin et al, 2014;

Blödow et al, 2015). A second factor is the extent of

physiologic involvement in specific patient populations.
Several theories have been postulated with respect to

Ménière’s disease. One theory is that the membraneous

labyrinth becomes distended throughout the course of

Ménière’s disease, increasing volume of the labyrinth

(McGarvie et al, 2015a). This disrupts the convective

flow of endolymph during caloric stimulation, thus re-

sulting in a caloricweakness yet normal vHIT (McGarvie

et al, 2015a). A second theory is that Ménière’s disease
may selectively impair type I versus type II hair cells

(Tsuji et al, 2000). Further understanding of this discrep-

ancy is beyond the scope of thismanuscript; however, our

findings suggest that this discrepancy is tied to physio-

logic factors and not related to device/algorithm. Inter-

estingly, in our 11 vestibular patients, four demonstrated

normal vHIT gain; of those, twowere diagnosedwith def-
inite Ménière’s disease, one with probable Ménière’s

disease, and one with unspecified vestibular dysfunc-

tion (Lopez-Escamez et al, 2016).

Examiner-related factors could also account for this

disassociation. vHIT gain reductions are more likely

to occur as head acceleration increases (Weber et al,

2008a). Therefore, head velocities that exceed 150�/
sec are recommended (McGarvie et al, 2015b). One lim-
itation of the current study is that two of the three vHIT

devices did not provide mean head velocity as an out-

come parameter; these data were only available on data

export. The Impulse (Otometrics) device provides mean

head velocity data, which were 158�/sec for rightward

head impulses and 166�/sec for leftward impulses. Data

were exported from the EyeSeeCam (Interacoustics)

and noted to be 177�/sec overall. Whereas mean head
velocity data were unavailable for export from the

Visual Eyes (MicroMedical) device, their algorithmdoes

not accept head impulses less than 150�/sec suggesting
velocities to be within a similar range. For the Intera-

coustics EyeSeeCam and Otometrics Impulse, head ve-

locities that fell below 150�/sec were included in the

final mean gain calculation; however, specific cut-off

values can now be set in all of the devices because of
the updated software versions not available at the time

of data collection. It is unknown if the inclusion of head

velocities less than 150�/sec affects test interpretation.

Some additional limitations of the current study are

that our normal control population did not extend

.80 yr, which has been documented as a critical age

where vHIT abnormalities related to age begin to sur-

face (Davalos-Bichara and Agrawal, 2014;Matiño-Soler
et al, 2015; McGarvie et al, 2015b). We also had a small

number of individuals with vestibular loss who com-

pleted the vHIT on all three devices. Additionally, dif-

ferences between the three commercial vHIT devices

extend beyond their gain algorithms. Each vHIT device

differs in their resolution, sampling rate, filtering, and

calibration, among other factors; therefore, differences

between the devices cannot be attributed solely to dif-
ferences in gain algorithms. One noteworthy differ-

ence is the calculation of position gain where vHIT

gains were automatically rounded by the software. This

Table 2. ROC AUC Values

Position Gain Instantaneous Gain
AUC

Right Eye Left Eye Left Eye 40 msec Left Eye 60 msec Left Eye 80 msec

ROC AUC

values

Rightward 0.899 0.870 0.860 0.862 0.849 0.945

Leftward 0.857 0.920 0.865 0.876 0.841 0.885

Note: ROC AUC values close to 1.0 5 diagnostic accuracy in identifying peripheral vestibular loss; ROC AUC values close to 0.5 5 poor

diagnostic accuracy.
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difference is evident when analyzing the raw data in

Figures 2 and 4, which demonstrate gain values in fac-

tors of 0.05. Comparison of these three commercial de-

vices was also not compared against the gold standard
coil system. Previous findings suggest good agreement

between vHIT and coils, although this has not been rep-

licated with various devices/algorithms (MacDougall

et al, 2009).

CONCLUSIONS

Ourdata support that there is not an effect of age on

the vHIT gain #78 yr, regardless of the device/

algorithm used to calculate the gain. There was a con-

sistent directional bias, with the vHIT gain being sign-

ificantly larger in the ipsilateral direction of the eye
used to measure the gain; however, clinical perfor-

mance for identifying vestibular involvement was not

significantly affected. The vHIT gain is significantly dif-

ferent between devices, suggesting that care should be

taken whenmaking direct comparisons of absolute gain

values from these devices/algorithms.

REFERENCES

Agrawal Y, Zuniga MG, Davalos-Bichara M, Schubert MC,
Walston JD, Hughes J, Carey JP. (2012) Decline in semicircu-
lar canal and otolith function with age. Otol Neurotol 33(5):
832–839.

Bell SL, Barker F, Heselton H, MacKenzie E, Dewhurst D,
Sanderson A. (2015) A study of the relationship between the video
head impulse test and air calorics. Eur Arch Otorhinolaryngol
272:(5):1287–1294.

Blödow A, Blödow J, Bloching MB, Helbig R, Walther LE. (2015)
Horizontal VOR function shows frequency dynamics in ves-
tibular schwannoma. Eur Arch Otorhinolaryngol 272(9):
2143–2148.

Davalos-Bichara M, Agrawal Y. (2014) Normative results of
healthy older adults on standard clinical vestibular tests. Otol
Neurotol 35(2):297–300.

EngströmH, Bergström B, Rosenhall U. (1974) Vestibular sensory
epithelia. Arch Otolaryngol 100(6):411–418.

Janky KL, Shepard N. (2009) Vestibular evoked myogenic poten-
tial (VEMP) testing: normative threshold response curves and ef-
fects of age. J Am Acad Audiol 20(8):514–522.

Lopez-Escamez JA, Carey J, ChungWH, Goebel JA,MagnussonM,
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