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Objective: To investigate whether transient, high-acceleration
interaural head heaves (translational vestibulo-ocular reflex
[tVOR]) could aid in the diagnosis of otolith diseases.
Study Design: Prospective cohort study.
Setting: Tertiary referral center.
Patients: Thirteen patients with symptoms suggestive of otolith diseases and 10 age-matched controls.
Interventions: Patients underwent a clinical otoneurologic
examination and standard laboratory audiovestibular evaluation, including audiometry, electronystagmography with bithermal caloric, Halmagyi-Curthoys head thrust test with search
coils, and vestibular-evoked myogenic potential. All subjects
underwent subjective visual vertical (SVV) and tVOR testings.
Main Outcome Measures: Sensitivity (ratio of peak eye to
peak head velocities) and velocity gain (ratio of actual to ideal
peak eye velocities).
Results: Five of 13 patients showed no abnormality in any tests.
Of the remaining 8, 3 (38%) had reduced tVOR responses,

whereas 1 (13%) had abnormal SVV. Sensitivity and velocity
gains were symmetrically reduced in 2 patients, who had symptoms for 8 and 24 months. A third patient, symptomatic for 7
weeks, had asymmetric reduction of tVOR responses and a
deviated SVV.
Conclusion: Both head heave and SVV tests detect acute,
asymmetric otolith diseases. Subjective visual vertical test
relies on imbalance of utricular tone and may not detect
bilateral symmetric diseases or partial diseases with central
compensation. Our preliminary data in a small group of
patients show that measuring the tVOR in a higher and
more physiologic range of frequencies may serve as useful
adjunct to detect acute and chronic otolith dysfunction and
seems to be superior to the SVV in detecting bilateral
symmetric or asymmetric otolith diseases. Key Words:
Head heavesVOtolithVUtricleVVertigoVVestibulo-ocular
reflex.
Otol Neurotol 28:896Y904, 2007.

The otolith-ocular reflex stabilizes retinal image by
generating compensatory eye movements in response
to linear head acceleration and head orientation with
respect to gravity. Patients with otolith dysfunction often
present with a variety of symptoms, including false sensations of linear or tilting motion (of the environment or
of self), lateropulsion, falling sensations or drop attacks,
diplopia, oscillopsia, and visual tilt perceptions (1).

Despite increased understanding of otolith physiology
in the past decades, detection of otolith lesions remains
challengingVclinicians often make the diagnosis on
the basis of clinical history and exclusion of other
possible causes.
Patients with typical and recurring otolith symptoms
but normal standard laboratory vestibular test results (i.e.,
electronystagmography [ENG] with bithermal caloric
testing, Halmagyi-Curthoys test, and vestibular-evoked
myogenic potentials [VEMPs]) and subjective visual
vertical (SVV) might have partial lesions of the otolith
system that escape detection by these conventional tests.
Recently, the head heave test has been used to assess
utricular dysfunction. Administered either manually or
using a head sled, the head heave test delivers transient,
low-amplitude, high-acceleration translational stimuli
along the interaural axis to stimulate the otolith maculae
(2). Using this test, abnormal translational VOR (tVOR)
responses were observed in patients with gentamicin
ototoxicity (2) and acute vestibular neuritis (3).
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HEAD HEAVE TEST IN OTOLITH DISEASES
We (4,5) and others (6) have previously demonstrated
that the sensitivity of detecting horizontal canal dysfunction can be increased by testing the rotational VOR in a
higher and more physiologic range of frequencies. The
aim of the present study was to assess whether testing of
the tVOR during transient, high-acceleration interaural
head translation using the head heave test might reveal
complete or partial otolith dysfunction in patients with
typical otolith symptoms.
MATERIALS AND METHODS
Study Population
Thirteen consecutive patients with symptoms suggestive of
otolith diseases (women, 6; median age, 40 yr [range, 32Y65 yr])
were recruited prospectively from the Multidisciplinary Neurotology Clinic of the Department of Otolaryngology, University Health Network, University of Toronto, between
September 2005 and March 2006. Symptoms suggestive of
otolith diseases included lateropulsion, falling or rising sensations, drop attacks, or prolonged sensations of linear body
movement after cessation of actual body movement. A thorough
history was obtained, and an otoneurologic examination was
conducted. Bedside clinical tests of vestibular function were
performed, including the high-frequency/acceleration horizontal head thrust test (6), dynamic visual acuity, assessment
for postYhead shake nystagmus (7), the oscillopsia test (8),
Dix-Hallpike’s positioning test using Frenzel’s glasses, and
hyperventilation test for 60 seconds. In addition to audiometry, patients also underwent standard laboratory vestibular
investigations, including ENG with bithermal caloric test,
high-frequency/acceleration horizontal head thrust (HalmagyiCurthoys test) with search coils, and testing for VEMPs (9).
Patients with chronic cervical pain after whiplash-type injury,
a history or clinical signs of abnormality in the cervical spine or
soft tissues of the neck, or a history of eye or neurologic diseases
were excluded. Ten age-matched subjects without any vestibular, neurologic, or eye diseases served as controls (women, 3;
median age, 38.5 yr [range, 29Y59 yr]; p = 0.41). Subjects were
instructed to abstain from alcohol, sedatives, relaxants, or medications for dizziness for 48 hours before testings. Corrective
spectacles were not worn during the tests. The study was
approved by the Research Ethics Board of the University Health
Network, University of Toronto.
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tance was measured from the lateral canthi of the eyes, a landmark that approximates the location of the center of rotation of
the globe. The target consisted of a single letter Be[ of optotype size 3/32µ (12-point font size), which remained visible
throughout the trial.

The Stimuli
To administer quasi-reproducible head movement stimuli
along the interaural axis, we constructed a head sled similar
to the device described by Ramat et al. (2) (Fig. 1). It consists
of 2 rigidly connected, padded polycarbonate plates that can be
fastened to either side of the head of the subject. Each plate is
connected to a linear bearing mounted on a rigid frame and is
aligned with the interaural axis. It is equipped with handles and
padded stopping bars to either side to restrict the maximum
lateral head translation to T3 cm and to prevent an abrupt stop
at the end of the movement. Insulation is inserted between
parts of the aluminum frame to prevent distortion of the magnetic field.
The head heave stimuli consisted of manually delivered
head impulses along the interaural axis to produce a steplike
change of head position. Peak accelerations ranged from 0.1g
to 1.6g. The stimuli were unpredictable in direction and timing
to prevent the subjects from making anticipatory eye movements. Before each trial, the head was recentered within a
window of less than 5 mm. On average, each subject underwent a total of 30 trials (i.e., 15 heaves in each direction).
The mean duration of head movement was 145.3 milliseconds
(range, 106Y191 ms), and the median amplitude within 100
milliseconds after head movement onset was 17.2 mm (range,
11.5Y26.3 mm).

Recording of Eye and Head Movements
Angular eye and head positions were measured with the
magnetic scleral search coil technique. A cubic phase angle
rotating electromagnetic field with a side length of 1.8 m
(CNC Engineering, Seattle, WA, USA) was used. The subject
wore a single-lead scleral coil annulus in each eye (Skalar,
Delft, The Netherlands) after instillation of anesthetic eye
drops. Head position in the horizontal plane (yaw) was measured using a search coil embedded in the bite bar. The subjects
sat in a chair, with the center of their interpupillary line located
at 25 cm in front of the center of the magnetic field, while biting
on a bite bar. This anterior displacement of the head position
was required so that the head sled device could be mounted on a

Testing of the Subjective Visual Vertical
Subjects sat in a natural upright position in the dark during
binocular viewing of a dimly illuminated straight line. The line
was mounted on a linear rotating potentiometer and was
located 1 m away from the subject’s nasion. Starting from a
random nonvertical position, the examiner slowly rotated the
line toward the earth vertical and stopped when the subject
perceived the line as vertical, as indicated verbally to the
examiner. The signal from the potentiometer was amplified,
digitized at 1 kHz, and stored for later analysis. The results of 6
trials were averaged.

The Head Heave Test
Viewing Condition
Each subject fixated a target located at a distance of 15 cm
while translating along the interaural axis. The viewing dis-

FIG. 1. Diagram showing the head sled apparatus used in the
head heave test (see text for details).
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permanently installed rotating chair socket. The magnetic field
at this head position remained linear, as measured by a search
coil mounted on a gimbal. The error in angular position measurements introduced by translational coil displacement of the
eye and head coils in the magnetic field was, at most, 0.2%, as
established by in vitro experiments. The eye and head rotation
signals were amplified, digitized at 1 kHz with 12-bit resolution, and stored for later analysis. Data were analyzed using
specialized software written in Matlab (MathWorks, Natick,
MA, USA). Eye position signals were differentiated and filtered with a fourth-degree Savitzky-Golay filter (frequency,
0Y50 Hz) to obtain velocity traces.
Translational head position along the interaural axis was
measured using a linear potentiometer with an incremental
sensitivity of 13  10j4 mm (Omega, Laval, Quebec, Canada).
The potentiometer was attached to the sled frame and to 1 of
the head plates. Head movement was coupled to chair movement. Yaw head rotation was prevented by fastening the head
plates tightly and by filling the area between the postauricular occiput and the head plates with 2 grain-filled bags. The
bags were molded to the subject’s individual head anatomy
and deflated to restrict any head movement relative to the
side plates to which they were firmly attached. Head acceleration was recorded using a capacitive beam accelerometer
(Crossbow Technology, San Jose, CA, USA) attached to the
bite bar.

Transducer delays relative to the accelerometer signal
were measured using zero-latency in vitro experiments. We
first determined the latency of the potentiometer by attaching the accelerometer to the same head plate as the potentiometer. Second, we performed an experiment similar to the
procedure described by Crane et al. (11), in which both the
accelerometer and a search coil were attached to the end of
a pivoting shaft that was mounted on the chair temporarily
at eye and head positions. The shaft, whose proximal end
pivoted about an anchor approximating the center of the
head, formed an armature that rotated the search coil around
the proximal end. This rod mechanically approximated the
line of sight. Care was taken to ensure that there was no
slack at the pivot point so that rotatory movement imposed
on the shaft would rotate the search coil and the accelerometer on the armature with zero actual time delay. Multiple
trials in both directions were conducted. When the zero-latency
armature data were analyzed using the 3-SDs technique (11),
apparent latencies were found to be 23 milliseconds for the
potentiometer and 2 milliseconds for the coil signals with
respect to the accelerometer traces. These values were used to
correct the measured latency values by subtraction. Noise level
was 0.031 mm for the potentiometer, 0.02 degrees for coil, and
5.5 mg for accelerometer signals.

Data Analysis

TABLE 1.

Subjective Visual Vertical

Age
Patient (yr)

The SVV was considered to be abnormal if the deviation
from vertical was more than 2 degrees (10).

Head Heaves
Heaves that contained artifacts such as saccades or blinks
before the occurrence of peak head and eye velocity were
identified and excluded from further analysis. Saccades were
identified by their main sequence, whereas blinks were identified by their characteristic trajectory and time course. Only
heave trials with a yaw head rotation less than 0.64 degrees
and peak head accelerations of 0.5g or greater were analyzed.
These cutoff values were chosen to prevent the yaw rotational
VOR from being a potential confounder and to optimize the
diagnostic sensitivity by maximizing the signal-to-noise ratio.
Overall, 35% of heaves were included in the final analysis.
To characterize the performance of the interaural tVOR, 2
parameters were computed: sensitivity and velocity gain. The
sensitivity, expressed in degrees per centimeter, was calculated
by dividing the peak eye velocity (in degrees per second) of the
cyclopean eye by the peak head velocity (in centimeters per
second) within the first 100 milliseconds after the onset of
head movement (i.e., before the occurrence of visual feedback). Peak head velocity was computed by integrating head
acceleration, which was measured by the accelerometer. The
velocity gain was calculated by dividing the actual peak cyclopean eye velocity (in degrees per second) by the peak velocity
of the ideal cyclopean eye (in degrees per second) within the
first 100 milliseconds after onset of head movement. The ideal
eye position was computed on the basis of the trigonometric
requirements given by target distance, interpupillary distance,
and the head position signal of the linear potentiometer. Head
movement onset was determined from the accelerometer traces
and was defined as the first instance when acceleration consistently exceeded baseline by 3 standard deviations (SDs).

Patient characteristics and presenting symptoms
Sex

Duration
(mo)

1

65 Male

1.5

2

35 Female

24

3

43 Female

32

4

57 Male

60

5

36 Female

24

6

48 Male

29

7

40 Male

10

8

40 Male

84

9

40 Male

7

10

37 Female

48

11

57 Female

6

12

42 Female

8

13

32 Male

6

Symptoms
Episodica movementYassociated
rocking and falling sensations
Episodes of feeling of drunkenness
that worsen with head movement
after a trip on an airplane
Episodic lateropulsion to the left
after a closed head injury
Episodic anteropulsion and
lateropulsion, and prolonged
vertical linear movement sensation
Episodica feeling of imbalance,
oscillopsia, and tilting of the floor
Episodica anteropulsion and
retropulsion after a closed head
injury
Daily sudden sensations of falling
forward after a boat cruise
Imbalance, rocking sensations, and
feeling of continuing movement
after stopping
Episodic anteropulsion and rocking,
falling and rising sensations in
supine position after a closed
head injury
Lateropulsion, anteropulsion, and
retropulsion lasting seconds
after a respiratory viral illness
Drop attacks, upward motion
feelings, and imbalance when
walking on tilted surfaces
Backward-falling sensations,
imbalance, and oscillopsia
Lateropulsion, falling and rising
sensations

a

Patients were symptomatic (ongoing episode) at the time the head
heave tests were performed.
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Negative
Positive left
Positive right

Positive bilaterally

Positive left

Negative
Negative

Negative
Negative

Negative

Atypical (bilateral
overshoot)
Negative

1

2
3
4

5

6

7
8

9
10

11

12
Not performed

Reduced

Not performed

Normal
Not performed

Not performed
Not performed

Reduced

Reduced

Not performed
Reduced
Not performed

Reduced

Dynamic visual
acuity

MRI, magnetic resonance imaging.

Positive bilaterally

Patient

13

Horizontal head
thrust (Halmagyi)
test

Absent

Absent

Absent

Absent
Absent

Absent
Absent

Absent

Absent

Absent
Absent
Absent

Absent

Head shake
nystagmus

Not performed

Positive

Not performed

Negative
Not performed

Not performed
Not performed

Positive

Positive

Not performed
Positive
Not performed

Not performed

Negative

Negative

Negative

Negative
Negative

Negative
Negative

Negative

Negative

Negative
Negative
Negative

Negative

Dix-Hallpike
maneuver

Not performed

Not performed

Not performed

Negative
Not performed

Not performed
Not performed

Not performed

Not performed

Not performed
Positive
Not performed

Not performed

Hyperventilation
test

Broad-based and
ataxic gait
Absent

Absent

Absent
Absent

Absent
Absent

Absent

Absent
Absent
Ataxic gait, Romberg
positive to the right
Absent

Broad-based gait

Cerebellar signs

Results of clinical tests, audiometry, and neuroimaging

Oscillopsia test

TABLE 2.

Audiometry

Normal

Normal
Bilateral high-frequency
reduction
Right pan-frequency
reduction (more at low
frequencies)
Normal

Right high-frequency
and left pan-frequency
reduction
Normal
Normal
Bilateral high-frequency
reduction
Left congenital deafness,
right fluctuating reduction
Left high-frequency
reduction
Normal
Normal

Brain MRI

Normal

Not performed

Normal

Normal
Nonspecific
changes
Normal
Not performed

Nonspecific
changes
Normal

Normal
Not performed
Not performed

Not performed

HEAD HEAVE TEST IN OTOLITH DISEASES
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TABLE 3.

Patient
1
2
3
4
5
6
7
8
9
10
11
12
13

Results of standard laboratory vestibular tests

Electronystagmography with
bithermal caloric test

Horizontal head thrust test
(Halmagyi-Curthoys) using search coils

Vestibular-evoked
myogenic potentials

Subjective visual
vertical

Air caloric response 5 degrees/s
right and 6 degrees/s left
34% Right reduction
Normal
25% Left reduction
Severe bilateral reduction
29% Left reduction
Normal
Normal
Normal
Normal
55% Right reduction
39% Right, moderate bilateral
reduction
Normal

Bilateral pan-frequency loss

Absent bilaterally

2.8 degrees left

Normal
Normal
Normal
Bilateral pan-frequency loss
Left high-frequency loss
Normal
Normal
Normal
Normal
Normal
Bilateral pan-frequency loss

Normal
Absent right
Normal
Absent left
Normal
Normal
Normal
Normal
Normal
Normal
Normal

0.6
0.9
0.5
0.6
0.2
0.6
0.8
0.3
0.7
0.1
1.8

Normal

Normal

1.3 degrees left

degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees
degrees

left
right
right
right
left
right
left
right
right
left
left

FIG. 2. Graph showing stimulus profile and response to a single head heave toward the left from a healthy control (dg indicates deci-g,
where g is gravity acceleration [9.81 m/s2]).
Otology & Neurotology, Vol. 28, No. 7, 2007
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Statistical analyses were performed using analysis of variance for parametric data and Mann-Whitney U tests for
nonparametric data. The sensitivity and velocity gain data
of each individual patient were compared with those of the
healthy group mean using the Z tests. Significance level
was set at p G 0.05.

RESULTS
Patients presented with a number of symptoms suggestive of otolith diseases (Table 1). Most (10/13)

901

reported a sensation of linear pulsion. Table 2 summarizes the results of clinical tests, audiometry, and
neuroimaging. Five (38%) of 13 patients had normal
standard laboratory vestibular function test results
(Table 3), which included ENG with bithermal caloric,
horizontal head thrust with search coils, and VEMP. In
the remaining 8 patients, 4 had deficits of semicircular
canal function only (i.e., reduced caloric response or
positive head thrust in Patients 2, 4, 6, and 11), whereas
3 showed saccular dysfunction (i.e., absent VEMP in
Patients 1, 3, and 5).

FIG. 3. Graphs showing representative velocity profiles of ideal and actual eye movements during head heave to the right and to the left
during the first 200 milliseconds after head movement onset in a healthy subject (A) and in patients 1, 5, and 12 (B to D). The vertical
dashed line denotes the first 100 milliseconds within which the sensitivity and velocity gains were calculated. Actual eye movements in
patients that occurred after 100 milliseconds were responses after visual feedback. Arrowheads indicate the peak values of actual and
ideal eye velocity in the first 100 milliseconds, which were used to calculate velocity gain.
Otology & Neurotology, Vol. 28, No. 7, 2007
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The stimulus profile and response to a single leftward
head heave from a healthy control are shown in Figure 2.
Normal response to head heave consists of an open-loop
initial phase, in which the tVOR response is undercompensatory with a velocity gain of about 36% (12,13),
followed by a second phase, in which gaze position
error generates a corrective saccade via visual feedback.
Stimulus profiles did not differ significantly between
patient and control groups. The median peak acceleration
of the head was 0.615g for patients and 0.640g for controls (not statistically significant). The median amplitude
of head movements within 100 milliseconds of their onset
was 17.1 mm for patients and 17.4 mm for healthy controls (not statistically significant). The mean maximum
head yaw rotation was 0.387 degree (SD, T0.083 degree)
for patients and 0.351 degree (SD, T0.106 degree) for
controls (not statistically significant).
Representative velocity profiles of actual and ideal
eye movement responses during single head heaves to
the right and to the left from a healthy subject and 3
patients are shown in Figure 3. In the healthy subject,
responses were symmetric in both directions (Fig. 3A).
The mean sensitivity in the healthy control group was
1.388 degrees/cm (SD, T0.401 degree/cm) for rightward
heaves and 1.310 degrees/cm (SD, T0.344 degree/cm)
for leftward heaves. The corresponding velocity gain
values were 36.7 T 10.6% for rightward heave and
34.9 T 9.0% for leftward heave. These reference mean
and SD values are concordant with those reported by
others (12,13). One explanation for the low and variable
tVOR responses in healthy subjects is that most naturally occurring head movements consist of both rotations and translations, with rotations being dominant.
The pure, high-acceleration tVOR stimuli used in this
experiment, however, is arbitrary, such that the brain has
neither a need nor an opportunity to optimize its performance (12).
Three patients (Patients 1, 5, and 12) had significantly
lower tVOR responses (i.e., mean sensitivities and velo-

TABLE 4.

DISCUSSION
A variety of laboratory tests have been used to determine otolith function. They include oculogravic illusion
with centrifugal stimulation (15), evaluation of the subjective visual vertical or horizontal (10,16), eccentric rota-

Sensitivity, velocity gain, and latency of eye responses during high-acceleration/frequency head heaves (mean T SD)
Sensitivity T SD (deg/cm)
Right head heave

Healthy group (n = 10)
Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10
Patient 11
Patient 12
Patient 13
a

city gains) as compared with healthy controls (Z test,
p G 0.05) (Fig. 3 and Table 4). Translational VOR
responses were symmetrically reduced in both directions
in 2 of these 3 patients (Patients 5 and 12), who had
symptoms for 8 (Patient 12) and 24 months (Patient 5).
The third patient (Patient 1) also had a bilateral reduction,
but the responses were more severely reduced during
leftward head translation than during rightward translation. This third patient, who had symptoms for 7 weeks,
was the only patient with abnormal SVV, showing a significant deviation to the left.
The mean latency of eye movement response with
respect to head movement onset in healthy controls
was 45.1 milliseconds (SD, T13.8 milliseconds) for
rightward heave and 46.1 milliseconds (SD, T13.1 milliseconds) for leftward heave. This latency value is
higher than those reported (11,12) previously, probably
because our healthy subjects are older (14). Two of the
3 patients with decreased sensitivities and velocity
gains also showed significant increase in mean latency
(Z test, p G 0.05); the latency was increased bilaterally
in Patient 12 and unilaterally in Patient 1 (during left
heave) (Table 4).
Clinical examination (Tables 2 and 3) and routine
vestibular testing in these 3 patients revealed additional
associated dysfunction of the cochlea (hearing deficit in
2 patients [i.e., Patients 1 and 5]), saccules (abnormal
VEMP test result in Patient 5), and semicircular canals
(abnormal head impulse, oscillopsia, and postYhead
shake nystagmus test results, and reduced responses
to caloric and horizontal head thrust stimuli in all 3
patients).

1.388
0.303
1.430
1.738
1.195
0.332
2.013
1.000
1.672
1.979
1.412
0.995
0.498
1.342

T
T
T
T
T
T
T
T
T
T
T
T
T
T

0.401
0.040a
0.182
0.222
0.289
0.202a
0.109
0.215
0.185
0.116
0.198
0.100
0.144a
0.137

Left head heave
1.310
0.244
1.297
1.610
1.080
0.379
1.535
1.208
1.726
1.699
1.453
1.032
0.481
1.079

T
T
T
T
T
T
T
T
T
T
T
T
T
T

0.344
0.094a
0.241
0.177
0.148
0.070a
0.148
0.083
0.225
0.250
0.165
0.179
0.089a
0.098

Velocity gain T SD (%)
Right head heave
36.7
8.4
34.0
46.6
31.7
8.9
52.7
25.3
43.9
52.8
37.7
26.3
13.1
36.1

T
T
T
T
T
T
T
T
T
T
T
T
T
T

10.6
1.2a
6.5
5.8
8.2
5.5a
2.6
7.2
3.9
2.5
5.3
2.5
3.6a
3.6

Latency T SD (msec)

Left head heave
34.9
6.3
35.4
43.4
28.3
10.4
39.9
30.8
45.5
45.5
38.2
28.3
13.0
28.6

T
T
T
T
T
T
T
T
T
T
T
T
T
T

9.0
2.2a
7.8
4.1
3.7
2.3a
4.5
3.0
5.2
7.4
4.5
3.9
2.3a
3.5

Right head heave

Left head heave

T
T
T
T
T
T
T
T
T
T
T
T
T
T

46.1 T 13.1
103.8 T 64.1a
34.2 T 9.3
43.9 T 5.8
48.0 T 7.0
71.5 T 31.6
49.6 T 7.4
38.8 T 5.8
37.8 T 6.8
51.5 T 10.6
66.0 T 3.8
73.6 T 34.4
119.7 T 11.7a
66.7 T 4.8

45.1
42.0
33.1
37.3
33.0
50.0
35.3
38.0
46.1
66.0
63.6
72.7
120.0
74.6

13.8
14.7
6.0
7.1
2.9
20.7
3.8
3.6
10.6
4.0
16.5
42.3
5.7a
6.7

p G 0.05 (Z tests).
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tion (17,18), off-vertical axis rotation (19), and vestibular
click- or tap-evoked myogenic potentials (9,20). Although
some of these tests are tailored to assess either utricular
(e.g., SVV) or saccular (e.g., VEMP) function selectively,
most use head movement as a stimulus and elicit
responses that are modulated by the maculae in both the
utricle and the saccule because the maculae surfaces are
curved and contain sensory cells with polarization vectors
pointing to all directions in 3-dimensional space (21).
The subjective visual vertical test has been proposed
to be a sensitive test for assessing utricular function. It
detects erroneous, tilted perception of the true earth vertical, which might occur after a unilateral lesion to the
otolith organs or to their projections to the brainstem in
the early stages of disease (22). However, the abnormality of SVV often diminishes rapidly within weeks after
unilateral surgical vestibular deafferentation, such that
with time, only a small tilt remains (23,24). The diagnostic yield of measuring SVV is also limited because
it relies on asymmetry in utricular tone. Subjective
visual vertical in patients with bilateral vestibulopathy
is often indistinguishable from that in healthy subjects
(24). Our findings that SVV was abnormal in 1 patient
who had otolith symptoms for 7 weeks but that it was
normal in 2 patients who had symptoms for more than
8 months provide support that SVV may be less sensitive in detecting utricular dysfunction in patients who
have central compensation of partial otolith disease
over time or in patients with bilateral symmetric otolith
dysfunction.
A promising approach to assess utricular function is
to measure tVOR along the interaural axis during wholebody translation (25Y28). In patients with unilateral
vestibular nerve section, for example, tVOR response
toward the operated ear was reduced acutely (27), followed by resolution of response asymmetry for 10 weeks.
More recently, the head heave test has been used to stimulate the otolith maculae with lower inertia than wholebody translation by delivering transient, low-amplitude,
high-acceleration, translational stimuli either manually
(3) or using a head sled (2,12). The head heave test has
been shown to be useful in detecting unilateral vestibular
injury (2) and in prognosticating recovery in acute vestibular neuritis (3).
In this pilot study, we applied the head heave test to a
small, consecutive group of patients with otolith symptoms who had no definitive diagnosis. A high proportion
of this group of patients showed no abnormal findings
on routine laboratory vestibular testings. This may
reflect that currently available tests are inadequate to
detect subtle or partially compensated otolith diseases
or that some patients might have a nonorganic cause.
We found that the head heave test provides additional
diagnostic information about utricular function in 3 of
13 patients tested. Translational VOR responses were
reduced in both directions of head heave in all 3
patients. Symmetric reduction was found in 2 of these
3 patients who had longer duration of symptoms, with 1
of them also having a markedly prolonged latency bilat-
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erally. This symmetric reduction in responses may be
caused by the central compensation of unilateral otolith
disease, or it may represent bilateral symmetric otolith
dysfunction. A third patient, who had a much shorter
duration of symptoms, had asymmetric reduction in
tVOR responses, asymmetric increase in latency, and a
concordant pathologic tilt of the SVV. This asymmetric
reduction in responses suggests asymmetric otolith
disease with minimal central compensation, perhaps
because of the shorter duration of symptoms. Taken
together, our results indicate that the head heave test
may be a useful additional laboratory tool to aid in
detection of acute and chronic unilateral otolith diseases
and bilateral symmetric or asymmetric otolith diseases.
The true sensitivity of the head heave test in detecting
otolith disease remains to be ascertained because no test
is currently considered to be the Bgold standard[ for the
evaluation of otolith function. In addition, because of the
small sample size of this pilot study, testing a much
larger number of patients is needed for optimal power.
We are currently recruiting a larger patient cohort and
patients with specific lesions (e.g., after unilateral vestibular nerve section) to further clarify the diagnostic
yield of the head heave test in the laboratory setting.
The practical usefulness of the head heave maneuver,
by which a head heave impulse is delivered manually,
will also be investigated further in clinical settings.
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