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Abstract This study investigated the effects of head
position on gain values during video head impulse tests
(VHITs). Different head positions were used for vHIT of
the horizontal semicircular canals of 20 healthy controls
and 18 patients with unilateral vestibular loss (UVL), with
head velocities ranging from 150°/s to 200°/s. Differences
in vestibulo-ocular reflex gain in the control and patient
groups according to head position (0° and 30° downward
pitch) were analyzed. In the unaffected control group, the
30° pitched-down position resulted in a mean gain increase
of up to 1.0 in both ears (right ear: 0.85 £ 0.26 for head-up
and 1.05 £+ 0.12 for head-down, p = 0.004; left ear:
0.75 £ 0.18 for head-up and 0.98 & 0.16 for head-down,
p < 0.001). In patients with UVL, the mean gains on the
diseased side were 0.92 =+ 0.16 in the head-up position and
0.82 & 0.2 in the head-down position, at similar head
velocities (p = 0.046). The pitched-down position also
increased the asymmetry between ears in patients with
UVL, at the same head velocity. A 30° head-down position
can increase VHIT sensitivity, which resulted in increased
mean gain in unaffected people and decreased mean gain in
most of the patients with UVL in this study. This method
may more effectively stimulate the horizontal semicircular
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canal. This vHIT modification may be helpful for more
precisely evaluating vestibular function, thus reducing
false-negative findings.
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Introduction

Halmagyi and Curthoys first described the head impulse
test in 1988 [1]. The test evaluates semicircular canal
function by interpreting the vestibulo-ocular reflex induced
by stimulation of each canal according to different head
rotational axes. The main pathologic finding of the head
impulse test is the catch-up saccade, a compensatory
mechanism of visual fixation in response to fast head
movement in patients with reduced vestibulo-ocular reflex
(VOR) [2, 3]. However, examiners may miss catch-up
saccades during head movement (covert saccade), thus
underscoring the need for more objective techniques to
increase the sensitivity of the head impulse test. A scleral
magnetic search coil was used to increase test sensitivity
and obtain objective results, but the method was invasive
and expensive to use in clinical settings. Recently, video-
nystagmography (video head impulse test, VHIT) has
become commercially available in clinical settings and has
been shown to have similar findings to those of scleral
magnetic search coil [4]. The vHIT is useful in patients
with acute spontaneous vertigo, where the test helps to
identify patients with reduced VOR gain [4]. Compared
with the bedside head thrust test, the vHIT can detect both
covert and overt saccades in a test. Furthermore, the vHIT
can calculate the quantitative gain of eye velocity relative
to head velocity. Development of a new device made the
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test more familiar and popular for evaluation of vestibular
disorder in clinical settings.

Two parameters are generally used in the interpretation
of VHIT results: vestibulo-ocular reflex (VOR) gain and
catch-up saccade. However, there have been debates
regarding interpretation of the parameters and test methods
that could influence the test results. VOR gain can be
influenced by test conditions such as target proximity,
subject mental status, active or passive performance, sub-
ject age, stimulation velocity, goggle slippage, eye posi-
tion, and head flexion/extension angle. Among these
testing factors, we focused on head position. It is generally
known that the head should be pitched down approximately
30° for effective stimulation of the horizontal semicircular
canal (HSCC) due to the 30° upward tilt of the HSCC from
the horizontal plane. Therefore, pitched-down position in
the head impulse test might optimize the acceleration sig-
nal transduced exclusively through the HSCC. However, a
previous study reported that the pitched-down head posi-
tion did not affect HSCC stimulation because the strength
of the stimulus decreased as a cosine function of head pitch
[5]. However, recommendations regarding head position
during testing (earth-horizontal naso-occipital axis or 30°
head flexion) differ according to device manufacturer; it is
possible that the borderline test results can be affected by
head position, critically affecting normal or abnormal
results [6-8]. Therefore, this study investigated the effect
of head flexion on VOR gain during VHIT to identify the
sources of discrepancies and the optimal VHIT methods.
The results of this study may contribute to development of
optimal methods for better vHIT results.

Subjects and methods
Subjects

Twenty healthy subjects (age 24-38 years, mean £ SD
28.4 + 5.3 years, men/women 8/12) and 18 patients (age
27-64 years, mean = SD 44.4 £ 13.4 years, men/women
10/8) with unilateral vestibular loss (UVL) were enrolled in
this study (Table 1). The unaffected subjects did not have
any history of vestibular disorder, vertigo or dizziness,
posture or gait abnormalities, hearing impairment, and
visual problems. They did not show any abnormalities on
complete neuro-otologic examination and had normal
caloric test results. Patients with UVL showed more than
25 % asymmetry in bithermal caloric tests. Their mean
canal paresis value was 53.88 £ 16.69. Their final diag-
noses were acute vestibular neuritis (10 cases), Meniere’s
disease (six cases), and vestibular schwannoma (two cases)
(Table 1).
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All subjects provided their written informed consent to
participate in this study. The study was approved by the
Institutional Review Board of the principle author’s insti-
tute, where the patients were enrolled.

vHIT test with two different head-pitch angles

VHIT and bithermal caloric tests were performed on the
same day. The tests were performed in the patient group
1-4 weeks after the onset of acute vertigo symptoms. VOR
evaluation for HSCC was performed with an ICS Impulse
system (Otometrics, Denmark) with its data acquisition
software (OTOsuite Vestibular 1.00 Build 263). A high-
speed camera (250 Hz), which captured the image of the
right eye, and a gyroscope, which recorded the velocity of
the head movements, were mounted on the goggles. The
default software settings were used for the recordings. The
subjects were asked to sit on a chair positioned 100 cm
from a wall upon which a target for visual fixation was
marked. Video goggles were placed properly on the face of
the subjects to minimize slippage that might cause inac-
curate data. The head thrust for HSCC stimulation was
performed in two different head positions in each patient:
(1) head-up: naso-occipital plane parallel to the earth-
horizontal plane, and (2) head-down: a starting position of
30° pitched down (HSCC parallel to the earth-horizontal
plane). We used a digital protractor to measure the 30°
head angle. Rapid and passive movements of the head
(head thrusts) were performed in the horizontal (yaw) plane
towards a randomly chosen direction to reduce predictive
saccades while the subject fixated on a dot located 100 cm
away at eye height on the wall directly in front of
the patient. The head velocities were between 150°/s and
200°/s. For data analysis, more than 20 impulses were
delivered in each direction. The VOR mean gain used as
the parameter of evaluation in this study was automatically
calculated. The difference of mean VOR gain value
between the two different test head positions was analyzed

(Fig. 1).

Statistical analysis

The results were analyzed using Fisher’s exact or Chi-
square tests where appropriate (categorical variables), and
paired or unpaired ¢ tests (continuous variables) between
two groups. Differences in the degree of gain before and
after head flexion in individual subjects were evaluated by
paired ¢ test. Differences were considered significant if
p < 0.05. All statistical analyses were performed using
PASW for Windows, version 18.0 (SPSS, Inc., 2009;
Chicago, IL, USA).
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Table 1 Demographics of patients with unilateral vestibular loss (n = 18)

Patient no. Sex Age Diagnosis CP value HIT gain (head-up) HIT gain (head-down)
1 M 64 Acute vestibular neuritis, left 66.9 0.991 0.57
2 M 27 Acute vestibular neuritis, left 55.69 0.77 0.54
3 M 31 Acute vestibular neuritis, left 46.63 1.17 0.84
4 M 71 Acute vestibular neuritis, right 46.94 1.05 0.85
5 F 37 Meniere’s disease, left 41.91 0.74 0.66
6 F 59 Acute vestibular neuritis, right 38.04 1.04 1.11
7 M 40 Vestibular schwannoma, right 40.1 0.75 0.83
8 F 42 Meniere’s disease, left 30.25 0.99 1.03
9 F 50 Meniere’s disease, left 88 1.18 1.27
10 M 31 Acute vestibular neuritis, left 77.2 1.17 0.83
11 F 38 Vestibular schwannoma, left 67.64 0.74 0.68
12 M 27 Acute vestibular neuritis, left 58.3 0.77 0.6
13 F 38 Meniere’s disease, left 60.6 0.74 0.63
14 M 40 Acute vestibular neuritis, right 40.11 0.75 0.81
15 F 58 Meniere’s disease, right 40.44 1.04 1.02
16 M 64 Acute vestibular neuritis, left 73.34 0.991 0.67
17 F 43 Meniere’s disease, left 32.22 0.99 1
18 M 39 Acute vestibular neuritis, right 65.61 0.75 0.79
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Fig. 1 Representative VHIT results in patients with unilateral
vestibular loss. a The head-down position reveals larger gain
asymmetry in a 43-year-old man with acute vestibular neuritis in
his right ear. b The head-down position in a 52-year-old woman with
Meniere’s disease in her left ear shows lower gain on the lesion side.

Results

Difference of VOR gain between the two test
positions in unaffected participants

The mean peak head movement velocities in the right ears
were 169.75 + 12.82°/s and 170.75 £ 13.11°/s for the

Peak Velocity (deg/sec)

Blue spot, gain on left ear with head-up position; Red spot, gain on
right ear with head-up position; Violet spot, gain on left ear with head-
down position; Orange spot, gain on right ear with head-down
position

head-up and head-down positions, respectively. There was
no significant difference in mean peak head movement
velocity between the two positions (p > 0.05, Table 2).
The mean gain values of the head-down position were
significantly greater and closer to 1.0 than those of the
head-up position in both sides (Table 1; Fig. 2a, b); the
mean VOR gain values on the right and left sides for the
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head-down and head-up positions were 1.05 & 0.12 and g 2lo % 4+ o
0.98 + 0.16 and 0.85 = 0.26 and 0.75 &£ 0.18, respec- 123 =g 2 84
tively (p = 0.004 and p < 0.001 for right and left sides, s il I
respectively). The gain values of both sides in the head-up g
position were more widely distributed than those of the = _ _a
head-down position; they also showed larger standard E & ) % ;
deviations (Fig. 2a, b). The results of VHIT showed no E VOL (‘I] :pL %
catch-up saccades in head-down and head-up positions. :;) E 5 S S
. . . y 2| |[22d3
Differences in VOR gain between two test positions 2 2l H 4 H
in patients with UVL p il S S "
The mean VOR gains on the affected sides were Z}g L‘j
0.82 £ 0.2 and 0.92 + 0.16 in the head-down and head-up ‘éﬂ s §
positions, respectively, with similar stimulating head E | g = g g z
velocities (p = 0.046, Table 2; Fig. 2c). In contrast, there S s 4 g - E g
was no significant difference in the mean VOR gain on the E = = 2 2 X g
healthy side between the two positions (0.91 £ 0.13 head- £ o) & I_:f 3 5 :
up and 0.96 £ 0.16 head-down, p > 0.05, Table 2; % g 2 s =s %
Fig. 2d). In the graph of paired changes of gains on the —g 2 & ﬁ i ﬁ f £ z
affected sides (Fig. 3), every spot showed lower gains in £ f‘;; % E ) % 2|2 §
the head-down position, except for three with gains of .%D SN B - g g
1.04, 0.99, and 1.18 in the head-up position. § B g
Low gain in the head-up position was observed in eight i ola % ok g g
of 18 patients with UVL (44 %); however, the test sensi- ~_§ E § § % § g s
tivity increased to 78 % (14/18) in the head-down position. S _ Vs =
The head-down position resulted in a false-negative rate f ;“ 'qg
drop to 15 % from 45 % in patients with UVL. Z, 5a & E &
= 2282 |s 3
Correlation between VHIT VOR gain and caloric & %I é o % '? 2
test canal paresis in patients with UVL g < % § % ::—; %
| . | 3 |S535 |2%
The canal paresis value on the bithermal caloric test tended = El+ H H +H E 8
to be inversely proportional to VOR gain on VHIT in 5 Ileseg 2 .'qg)
patients in the head-down position (R* = 0.444, E’ 5:3 ‘§ TR TI|E =
p = 0.003, Fig. 4a). In contrast, correlation between the :g i é
gain and the canal paresis value was not significant in the 8 S o~ |2 =
head-up position (R* = 0.013, p = 0.648, Fig. 4b). £ [ 2 48 8|8 3
g £ 232 2|5 ¢
Discussion k2 ;’;“ ) % g s K é
g p=1 g Y =Z o B
I I ) i |
This study evaluated the effect of head-down position on § 3|5 000 0 3 -
the sensitivity of VHIT gain values. Our data suggest the S § % g oS § g
following: (1) the head-down position in VHIT increased i GRial HoZ
the gain close to 1.0 among people with normal § § g
vestibular function; (2) the gain on the lesion side in e ’é g § ;
patients with UVL was more decreased in the head- %5, z =z ] %‘3
down position than in the head-up position, despite no = 8 8 |23
change in gain on the healthy side. Therefore, the results 5:3 = E @; _Q:) % ;‘; _i -
of this study suggest that the head-down position is oz 38 EE 8 % pd
optimal for more reliable gain values by more effec- =< T ETE|g LY
tively stimulating the HSCC. 28 25 2s|8 Qs
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Fig. 2 Differences in mean gains between head-up and head-down
positions in normal participants (a, b) and patients with unilateral
vestibular loss (¢, d). The mean gains on the right (a) and left (b) ears
with the head-down position are closer to 1.0, compared to those in
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the head-up position (p = 0.004 and p < 0.001, respectively). The
mean gains on the diseased side are decreased in the head-down
position with similar head velocities (p = 0.046), but there are no
gain differences on the healthy sides
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Fig. 3 Individual gain traces in healthy participants (a) and patients with unilateral vestibular loss (b) with two different VHIT head positions

Shubert et al. [9] reported an increased head impulse test
sensitivity of 71 % with a 30° head-down pitch, compared
with the previously reported sensitivity values of 34-39 %
[10, 11]. If the head impulse test is done with the neck in a
neutral position (no cervical flexion), the head acceleration

may be distributed to the vertical semicircular canals as
well as the HSCCs [12]. As a result, peripheral vestibular
afferents and central vestibular neurons of the intact HSCC
are exposed to less acceleration and are, therefore, less
likely to reach the inhibitory cutoff. Curthoys et al. also
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Fig. 4 Correlation between VOR gain in vHIT with head-down (a) and head-up position (b) and canal paresis values in a bithermal caloric test
of patients with unilateral vestibular loss. The graph shows the inverse correlation only in the head-down position (a)

reported that the proportions and directions of acceleration
affecting vertical canals can be read off and the maximal
stimulation occurs in the HSCCs in a 21° pitched-down
position [5]. In our study, there were 18 false-positive cases
(healthy people incorrectly identified as having VOR gain
under 0.8) in normal participants. The false-positive rate
decreased to 15 % with head-down positioning. The vari-
able gain values, high false-positive rate in normal partic-
ipants, and high false-negative values in patients with UVL
might be caused by insufficient head stimulation velocity
(150°/s-200°/s) in our study. One study on the relationship
between head stimulation velocity and gain, which reported
that increasing head velocity could increase the gain
higher, supports this idea [13]. Black’s study showed that
the ipsilesional deficit and angular VOR asymmetry grad-
ually increased with increasing head velocity [14]. The
VOR asymmetry of patients with UVL significantly
increases with higher acceleration [15]. However, stimu-
lation with head velocities higher than 200°/s—250°/s may
cause inaccurate gain values due to goggle slippage and
wobble. This phenomenon is more frequent in Asian sub-
jects. Because Asian noses are typically lower and flatter
than Caucasian noses, goggles are more vulnerable slipping
during high-velocity stimulation. The optimal head stimu-
lation velocity that offered minimal goggle slippage was
150°/s=200°/s [6], which is also the lower limit of the
stimulation range recommended by the manufacturer. In
our study, the head velocity, ranging from 150°/s to 200°/s,
was performed by a trained specialist, and cases outside
this range were excluded. Despite the similar head velocity
between the both groups in normal participants, the mean
gains were increased around 1.0 in head-down position
(0.85 4 0.26 changed to 1.05 £ 0.12 on the right ear and
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0.75 £ 0.18 to 0.98 £ 0.16 on the left ear). In the patients
with UVL, the mean gain in only the diseased side was
significantly decreased in head-down position (0.92 £ 0.16
to 0.82 + 0.2, p = 0.046). The manufacturer’s recom-
mended protocol suggests that head pitched-down position
does not greatly increase the strength of the stimulus to the
horizontal canals, since the strength of the stimulus
decreases as a cosine function of head pitch. However, our
results showed that the downward pitch could increase
sensitivity with a head stimulation velocity of 150°/s—200°/
s, which may be an alternative examination protocol. To
optimize VHIT sensitivity with a velocity range of <200s,
we recommend a 30° downward head pitch for HSCC
stimulation.

The caloric test is considered the most useful method for
identifying individuals with suspected peripheral UVL [16,
17]. However, the caloric stimulus is not physiological; its
responses are mainly produced by thermally induced con-
vection flow in the endolymph of the lateral semicircular
canals [18]. Perez and Rama-Lopez [19] reported a clinical
HIT specificity and sensitivity of 91 and 45 %, respec-
tively, compared to caloric testing. Shubert et al. [9]
compared caloric testing results to those of clinical head
impulse testing in 176 patients presenting with vestibular
disorder. The sensitivity of the clinical head impulse test
for identifying vestibular hypofunction was 71 % for uni-
lateral vestibular hypofunction and 84 % for bilateral
hypofunction, with a specificity of 82 %. In this study, we
collected data from 18 patients with acute vestibular
symptoms and unilateral canal paresis greater than a 25 %
cutoff in caloric tests (mean canal paresis value:
53.88 + 16.69 %). Only the head-down position was sig-
nificantly correlated with VOR gain in vHIT and canal
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paresis in caloric testing (R? = 0.444, p = 0.003, Fig. 4b).
However, the linear correlation between the two tests dis-
appeared in the head-up position (R* = 0.013, p = 0.648,
Fig. 4a). This finding suggests that the gains in head-down
condition more exactly reflected the canal paresis than
those in head-up condition.

We also observed that the gains for leftward head
impulses were lower than those for rightward head
impulses in normal participants. Our finding is consistent
with previous research that reported higher VOR gain in
the adducting eye than in the abducting eye (in our case,
the right eye for both rightward and leftward head impul-
ses) when both eye movements were recorded during head
impulse stimulation [20]. This is likely due to the shorter
pathway to the abducting right eye after leftward head
impulse (disynaptic) than to the adducting right eye after
rightward head impulse because of an additional abducens
internuclear neuron [21-25].

The results of this study show that head position during
VHIT with a velocity of <200°/s can influence gain values.
Placing the head in a pitched-down position can increase
the VHIT sensitivity at this stimulation velocity. This
method may be useful for evaluating vestibular function in
patients with wide faces and low/flat noses, in which
goggle slippage frequently occurs during high-velocity
stimulation. To generalize the usefulness of this test
method, prospective studies in larger populations with
various facial structures should be performed with different
stimulation velocities.

Conclusion

The head pitched downward at 30° during vHIT can pro-
vide more sensitive VOR gain values with a stimulation
velocity of 150°/s—200°/s, possibly by providing an optimal
acceleration signal induced exclusively through the
HSCCs.
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