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Abstract

Background: Vestibular function (specifically, horizontal semicircular canal function) can be assessed
across a broad frequency range using several different techniques. The head impulse test is a qualitative
test of horizontal semicircular canal function that can be completed at bedside. Recently, a new instru-
ment (video head impulse test [VHIT]) has been developed to provide an objective assessment to the
clinical test. Questions persist regarding how this test may be used in the overall vestibular test battery.

Purpose: The purpose of this case report is to describe vestibular test results (vHIT, rotational testing,
vestibular evoked myogenic potentials, and balance and gait performance) in an individual with a 100%
unilateral caloric weakness who was asymptomatic for dizziness, vertigo or imbalance.

Data Collection and/or Analysis: Comprehensive assessment was completed to evaluate vestibular func-
tion. Caloric irrigations, rotary chair testing, vHIT, and vestibular evoked myogenic potentials were completed.

Results: A 100% left-sided unilateral caloric weakness was observed in an asymptomatic individual.
VHIT produced normal gain with covert saccades.

Conclusions: This case demonstrates the clinical usefulness of vHIT as a diagnostic tool and indicator of
vestibular compensation and functional status.

Key Words: vestibular hypofunction, semicircular canal, video head impulse test, case reports,
vestibular testing

Abbreviations: AC = air conduction; BC = bone conduction; cVEMP = cervical vestibular evoked
myogenic potential; DGl = Dynamic Gait Index; HIT = head impulse test; hSCC = horizontal
semicircular canal; oVEMP = ocular vestibular evoked myogenic potential; SHA = sinusoidal
harmonic acceleration; UW = unilateral weakness; vHIT = video head impulse test; VOR =
vestibular ocular reflex

BACKGROUND of patients with vertigo, dizziness, and imbalance.

These tests include tests of otolith function such as cer-

everal techniques and instruments have been vical and ocular vestibular evoked myogenic poten-
developed to supplement the standard video- tials (0VEMPs) and more advanced techniques to assess
nystagmography test battery in the assessment horizontal canal function such as rotary chair. Cervical
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vestibular-evoked myogenic potentials (c(VEMPs) assess
the saccule and/or inferior branch of the vestibular nerve
and oVEMPs assess the utricle and/or superior branch of
the vestibular nerve. Even with these technical advances
that now allow for assessment of the otolith organs, the
standard clinical test battery primarily relies on assess-
ment of the horizontal semicircular canal (hSCC) and
vestibular ocular reflex (VOR). Further, the standard
clinical evaluation of the horizontal VOR has until
recently been confined to frequencies below 1 Hz even
though the VOR functions as a high-pass filter with fre-
quencies between 1 and 6 Hz being optimally encoded
(Minor et al, 1999). The caloric test is considered the
“gold standard” test of hSCC function, especially for
the identification of unilateral vestibular losses. How-
ever, caloric testing generates a very low-frequency stim-
ulation of the hSCCs and is estimated to be equivalent to
head movements with a frequency of approximately
0.003 Hz (Hamid et al, 1987). Rotary chair protocols,
including the sinusoidal harmonic acceleration (SHA)
test and the velocity step test, assess vestibular function
across a broader frequency/velocity range (0.01 to 0.64 Hz;
peak angular velocities ranging from 30 to 80%sec for SHA
and peak angular velocities of 60 to 240°/sec for velocity
step). The frequencies of natural head rotations, how-
ever, largely exceed the frequencies typically used for
the rotary chair test. For example, the fundamental fre-
quencies of rotational head perturbations during locomo-
tion are in the range of 0.5-5.0 Hz with significant
harmonics up to 20 Hz (Grossman et al, 1988; King et al,
1992).

The bedside head impulse test (HIT) can also be used
to assess semicircular canal function. The HIT can assess
all three semicircular canal planes (Halmagyi and Curthoys,
1988; Aw et al, 1996); however, the hSCC is most often
assessed clinically. In this test, the examiner rapidly
turns the patient’s head in the horizontal plane while
the patient is instructed to fixate on a stationary target.
The head turn is a high-frequency/high-velocity stimulus
(peak head velocities around 300°/sec and peak head
accelerations around 3,000%sec?; Halmagyi and Curthoys,
1988). An individual with an intact vestibular system
is able to maintain steady gaze on the target when the
head is rotated. In contrast, patients with vestibular
loss are unable to maintain gaze on the target during
ipsilesional head rotation. Instead, the eyes move with
the head and are taken off target so that at the end of
the head rotation the patient makes a voluntary correc-
tive saccade back to the target. The corrective, or ‘catch-
up’ saccade is visible to the clinician and, therefore, is
called an overt saccade. The observation of an overt sac-
cade is an indirect sign of hSCC hypofunction on the side
to which the head was rotated. If a corrective saccade
occurs during the head rotation (covert saccades), then
it will not be observed by the clinician and thereby
increase the likelihood of a false-negative bedside HIT
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result. (Weber et al, 2009; Blodow et al, 2013). In the ini-
tial work by Halmagyi and Curthoys (1988), the sensitiv-
ity and specificity of the bedside HIT was reported as
100% in patients with total unilateral vestibular loss
(e.g., unilateral vestibular neurectomy); however, others
have demonstrated poorer sensitivity and specificity in
patients with partial vestibular loss as measured by calo-
ric stimulation (Foster et al, 1994; Harvey et al, 1997,
Schmid-Priscoveanu et al, 2001; Perez and Rama-Lopez,
2003; Schubert et al, 2004). The poorer sensitivity and
specificity for partial vestibular losses and the inability
to detect covert saccades have limited the usefulness of
the bedside HIT.

More recently, the video head impulse test (vHIT) has
been developed and is based on the same principles as
the HIT (Halmagyi and Curthoys, 1988) but allows for
the recording and quantification of the eye and head
movement. To perform the vHIT, patients are seated
and instructed to maintain their gaze on an earth-fixed
visual target. The clinician stands behind the patient
and manually rotates the head abruptly and unpredict-
ably to the left or right through a small angle (10-20°) in
the horizontal plane to stimulate the left and right
hSCCs. To test either of the coplanar vertical canal
pairs, right anterior/left posterior or the left anterior/
right posterior, the head is positioned ~30-45° relative
to the trunk (aligns the vertical canal pair with the
trunk’s sagittal plane) prior to rotating the head either
downward (stimulates the anterior canal) or upward
(stimulates the posterior canal). A high-speed digital
infrared video camera uses pupil detection methods
to record two-dimensional eye movement during and
immediately after the head rotation. The camera is
embedded in head-worn goggles. Head movement
is recorded by an inertial measurement unit (triaxial
linear accelerometer and gyroscopes) mounted on the
head-worn goggles. In contrast to the caloric and rotary
chair tests which assess hSCC function using low-
frequency stimulation, vHIT is capable of evaluating
the function of the vertical semicircular canals using
high frequency stimulation (Ulmer et al, 2011; MacDougall
et al, 2013a, 2013b; Murnane et al, 2014). The vHIT
provides the ability to record eye and head movements
for measurement of VOR gain and the recording of
overt and covert saccades. This case report presents
an individual with an unusual pattern of test findings
across the vestibular frequency/velocity spectrum and
highlights the usefulness of the vHIT in the clinical ves-
tibular test battery.

CASE REPORT

25-yr-old female graduate student was identified
during a class assignment as having a 100% left
unilateral weakness (UW) during caloric testing. The
student volunteered to enroll in a Veterans Affairs/East

519



Journal of the American Academy of Audiology/Volume 26, Number 5, 2015

Tennessee State University Institutional Review Board
approved study, and the caloric findings were confirmed
by a licensed audiologist (right warm = 37°sec, right
cool = 45%sec, left warm = 0%sec, and left cool = 0°/sec).
The left-sided caloric weakness was unexpected as the
student was asymptomatic for vertigo, dizziness, and/or
imbalance and denied any previous history of these
symptoms. Pure-tone air conduction (AC) and bone con-
duction (BC) audiometry, tympanometry, and acoustic
reflex thresholds were all consistent with normal, symmet-
rical hearing bilaterally. Auditory brainstem responses
were normal bilaterally.

Comprehensive tests of vestibular function were
performed. Random saccades, smooth pursuit, and
optokinetic tracking were within normal limits. No
spontaneous, gaze-evoked or positional nystagmus was
observed. To further assess horizontal canal VOR func-
tion, both rotary chair testing (Micromedical System
2000 Rotary Chair, Micromedical Spectrum, 8.8, Micro-
medical Technologies, Inc., Chatham, IL) and the vHIT
(ICS Impulse, OtoSuite V, GN Otometrics) were con-
ducted. During SHA testing, low gain was observed from
0.01-0.32 Hz; gain approximated normal at 0.64 Hz (Fig-
ure 1). VOR gain and time constants were also assessed
using a 100%sec velocity step protocol with a 200%/sec?
acceleration profile. For velocity steps, a shortened post-
rotary time constant (2 sec) was recorded for counter
clockwise (leftward) responses, whereas the postrotary
time constant (10 sec) was within normal limits for clock-
wise (rightward) stimulation. In contrast to the SHA
results, the vHIT revealed normal VOR gain for both
rightward (1.04) and leftward (0.90) horizontal head
impulses. Covert saccades, however, were recorded dur-
ing leftward (ipsilesional) head impulses (Figure 2). No
overt saccades were recorded. vHIT results were sugges-
tive of a unilateral peripheral vestibular loss and corro-
borated the left sided caloric weakness and the abnormally
shortened time constants for postrotary counter-clockwise
(leftward) velocity step responses.

Vestibular evoked myogenic potentials were performed
to assess otolith function. Specifically, AC cVEMPs were
used to assess saccule/inferior vestibular nerve func-
tion and BC oVEMPs were used to assess utricle/superior
vestibular nerve function. AC cVEMPs were obtained
using recording methods previously described (Akin and
Murnane, 2001) and were present on the left and right side
(Figure 3); the asymmetry ratio (13%) was within normal
limits. BC oVEMPs (minishaker at Fz) were present
beneath each eye (Figure 4) and were symmetrical
(asymmetry ratio of 2%) using recording methods
described previously (Iwasaki et al, 2007).

Functional gait and balance were assessed using the sen-
sory organization test and the Dynamic Gait Index (DGI).
The sensory organization test produced a normal composite
score of 89 and the student scored 23 out of 24 on the DGI
suggesting mild impairment (Whitney et al, 2000). The
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Figure 1. Rotary chair results for an asymptomatic unilateral
vestibular loss (100% left-sided caloric weakness). The whitened
area represents the normal limits for gain, symmetry, and phase,
whereas the gray area represents values falling outside normal range.
Gain was significantly reduced in the low- to mid-frequencies. At 0.02,
0.04, and 0.08 Hz, gain was reduced to the point where phase and
symmetry cannot be reliably calculated. A phase lead was noted at
0.01 Hz consistent with a UW.

decrease in the DGI was related to a slight decrease in gait
velocity during walking with horizontal head turns.

DISCUSSION

his case report presents a novel pattern of vHIT
findings in an asymptomatic individual with uni-
lateral vestibular loss. Clinical vestibular tests identi-
fied and lateralized a vestibular deficit on the left
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Figure 2. vHIT results for an asymptomatic unilateral vestibular loss. The left panel shows head velocity and corresponding eye velocity
waveforms for multiple head impulses in the horizontal plane. Head (blue) and eye (green) velocity waveforms obtained for left horizontal
head impulses are on the left and head (red) and eye (green) velocity waveforms obtained for right horizontal head impulses are on the
right. VOR gain was within normal limits for left and right horizontal head impulses, however, covert saccades (black arrow) were
recorded only for left (ipsilesional) horizontal head impulses. (This figure appears in color in the online version of this article.)

side. Specifically, bithermal caloric testing revealed a
total left caloric weakness which is well established
as a clinical finding of peripheral vestibular deficit
(Baloh et al, 1977). The rotary chair test confirmed
the left peripheral vestibular loss, as the key findings
were low gain, phase lead, left asymmetry, and short-
ened time constants (Honrubia et al, 1984; Huygen
and Nicolasen, 1985; Blakeley et al, 1989). In contrast,
the vHIT revealed normal VOR gain for both leftward
and rightward head impulses; however, covert saccades
were recorded for leftward (ipsilesional) head impulses.
The normal VOR gain on vHIT was an unexpected
finding given the magnitude of the caloric weakness
(100%); vHIT has been shown to be sensitive to large
caloric weakness (>40-60%) (Bartolomeo et al, 2014;
Mahringer and Rambold, 2014; McCaslin et al, 2014).
Although recovery of normal VOR gain has been dem-
onstrated in patients with vestibular neuritis (e.g.,
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Figure 3. cVEMPs for an asymptomatic unilateral vestibular
loss. Both the left and right side elicited strong and symmetrical
responses to a 500 Hz air-conducted stimulus suggesting normal
saccular and/or inferior vestibular nerve function.

Manzari et al, 2013), our student has no history of ves-
tibular symptoms and the caloric weakness is not consis-
tent with restoration of peripheral vestibular function. It
is interesting to note that the vHIT was the only clinical
test consistent with the absence of vestibular symptoms.
In contrast, the low VOR gain and asymmetry on the
rotary chair test suggested that vestibular compensation
was incomplete and the caloric weakness is not sensitive
to vestibular adaptation. Similar to the vHIT results in
this case, Perez-Fernandez et al (2012) observed normal
VOR gain in the presence of corrective saccades in
21% of 179 patients referred for vestibular assessment.
The mean caloric weakness in those patients, however,
was only 39%.

In addition to being diagnostic indicators regarding
the outcome of the vHIT (normal versus abnormal), cor-
rective saccades recorded during vHIT may provide
insights concerning the time course of adaptation and
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Figure 4. oVEMPs for an asymptomatic unilateral vestibular
loss. Responses were symmetrical and within normal limits for
the left and right side, suggesting normal utricular and/or supe-
rior vestibular nerve function.
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compensation following unilateral vestibular loss that
might be applicable to patient management and vestibular
rehabilitation. Saccadic eye movements are high-velocity
ballistic eye movements in which vision is suppressed
during the time of the saccadic movement (Richards,
1969; Matin, 1974). Accordingly, Berthoz (1988) pro-
posed that saccades serve as a substitute for a deficient
VOR and, therefore, may be important in reducing visual
blurring (retinal slip) when vestibular input is reduced.
MacDougall and Curthoys (2012) have suggested that
the pattern of recorded saccadic eye movements during
vHIT may provide an indication of the status of vestib-
ular compensation. Mantokoudis et al (2014) performed
vHITSs preoperatively and postoperatively in five patients
after unilateral vestibular deafferentation from vestibular
schwannoma resection. On postoperative days 1 to 3, the
corrective saccades were exclusively overt with an aver-
age latency of ~193 msec; however, by day 5 the average
latency had decreased significantly to 134 msec (covert
saccades). The authors hypothesized that patients who
do not demonstrate similar decreases in saccade latencies
following unilateral vestibular deafferentation may
benefit from gaze-stabilizing vestibular rehabilitation.
Batuecas-Caletrio et al (2014) examined the latency
distribution of corrective saccades recorded during
the vHIT in 49 patients one year following vestibular
schwannoma surgery. Patients with a relatively wide
corrective saccade latency distribution had significantly
higher scores on the Dizziness Handicap Inventory than
patients with a relatively narrow latency distribution
and suggested an association between the latency charac-
teristics of corrective saccades and self-perceived handi-
cap. Recently, Ramaioli et al (2014) examined reading
ability during head impulses in subjects with pharmaco-
logically reduced VOR gain. One individual was able to
generate consistent covert saccades and had minimal
degradation in reading ability during head rotation. In
contrast, subjects who were unable to generate covert
saccades demonstrated significant reductions in dynamic
visual acuity. The results of this case also indicate that the
vHIT, in addition to detecting and lateralizing a vestibu-
lar lesion, may also provide useful information concerning
the status of central compensation.

This case demonstrates the clinical usefulness of
vHIT as an indicator of vestibular compensation and
the patient’s functional status. The vHIT may be unique
as a test of hSCC/VOR function as it provides both diag-
nostic information as well as insights into the time
course of adaptation and compensation following uni-
lateral vestibular loss. Further research is needed to
determine the role of vHIT in the management and
rehabilitation of patients with vestibular disorders.
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