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PA-01
Effect of an ototoxic agent on cupular morphology
– a comparison with semicircular canal pathology
Koji Otsuka, Ujimoto Konomi, Mamoru Suzuki, Taro
Inagaki, Go Hasegawa, Shigetaka Shimizu, Takafumi
Kondo
Tokyo Medical University, Tokyo, Japan

Objectives: To observe the morphological changes of
the cupula after injecting gentamicin (GM) in the frog
inner ear and to compare the changes of the cupula with
those of the ampullary sensory cells.
Methods: We injected 300 µg (7.5 µl) of GM into the
inner ear of 30 bullfrogs using a microsyringe under
ether anesthesia. The same amount of saline was inject-
ed into the other ear as control. The posterior cupula
were observed at 3, 7, and 14 days after GM injection
by stereoscopic microscope after being stained with In-
dia ink. We classified cupula changes into Grades 1 ∼
4 according to the degree of cupula shrinkage. Grade 1
is normal or slight change of the cupula such as the dip
of the apex. Grade 2 is under 50%, and Grade 3 is 51∼
80% of cupula shrinkage. Grade 4 is more than 80%
of shrinkage or absence of the cupula. After removing
the cupula, the sensory epithelia of the posterior canal
were immediately fixed with 2.5% glutaraldehyde so-
lution and were assessed using a scanning electron mi-
croscope (SEM). We classified the sensory cell changes
into Grades 1 ∼ 4 according to the extent of sensory
cell damage. Grade 1 is damaged sensory cell area
smaller than 20% of the total area. Grade 2 is damage
of 21 ∼ 50%, Grade 3, 51 ∼ 80% and Grade 4, more
than 80%. he correlation between the changes in the
cupula and sensory cells was evaluated.
Results: 1. Changes at 3 days after GM injection
Normal or slightly changed cupula (grade 1) were seen
in 7 out of 10 cases. Grade 4 change, disappearance
of the cupula was found in 3 cases. In these cases,

the sensory cell change was also severe. Sensory cell
changes were Grade 2 or more in 7 cases.
2. Changes at 7 days after GM injection
The cupula showed mild changes of grade 2 or less
in 5 of 10 cases. The sensory cells also showed mild
changes of grade 2 or less. In the other 5 cases, the
degree of cupula change was not associated with the
sensory cell change. In this group, the sensory cell
change was no more severe than that in the 3-day group.
3. Changes at 14 days after GM injection
The cupula showed Grade 2 or more severe changes in
7 of 10 cases. There were only 2 cases in which the
cupula and sensory cell changes were both Grade 2 or
milder. In 3 cases, both the cupula and sensory cells had
damages Grade 3 or more. The other 4 cases showed
no correlation between the cupula and the sensory cell
change.
4. The control group
The cupula and sensory cells were normal in all 6 cases.
Conclusions: The cupula shows various degrees of
changes after GM injection into the inner ear, with
or without damage of the sensory cells. This cupula
change may be a part of the etiology of peripheral
vertigo, and is also potentially one of the mechanisms
of reduced caloric response.

PA-02
Using an artificial vestibular system and robot sim-
ulations to mimic human postural responses to sup-
port surface translational accelerations
Thomas Mergner, Luminous Fennell
University of Freiburg, Freiburg, Germany

Objectives: Human reactive balancing of biped stance
is multisensory, even if visual cues are excluded. It
involves proprioceptive and vestibular signals and joint
torque/ force cues. Its multisensory nature makes the
control redundant and hampers system identification.
Therefore, hypothetical control schemes are required
(e.g. derived from psychophysics). In a correspond-
ing model from this laboratory, four external distur-
bances are considered relevant for stance, are estimat-
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ed through online sensory interactions, and are com-
pensated for by using a ‘disturbance injection’ con-
trol method (disturbance estimation and compensation,
DEC, model). In previous studies, we found that the
model correctly described compensation of three of
these disturbances (support surface rotation, contact
force through body-pull stimuli,and effect of field force
gravity in ‘body sway referenced platform’ situations).
Not yet included was the fourth disturbance, which
is support surface translational acceleration (SSTA). It
may occur frequently in human life (e.g. during bus
rides) and several laboratories have studied its postural
responses. Our model simulations predicted that iden-
tification of the SSTA compensation likely is difficult
since, if omitted, its function is taken over by the other
compensations. We therefore sought for novel ways
that may help its identification.
Methods: Healthy human subjects were standing on a
motion platform with eyes closed. They were present-
ed with forth-back SSTA stimuli using smoothed ramp,
sinusoid, and pseudo-random waveforms. Responses
were evaluated in terms of center of mass, COM, ex-
cursions (calculated from optoelectronic kinematic da-
ta) and of center of pressure, COP, shifts (force trans-
ducing platform). In addition to the humans, a biped
robot (‘PostuRob’) was tested, which carried human-
inspired sensors including an artificial vestibular sys-
tem (Mergner et al. 2009; J. Physiol. Paris, 130: 178).
PostuRob used the DEC model for stance control. Two
model versions were used. In an ‘old’ version, STTA
compensation was omitted (as before), whereas it was
included in a ‘new’ version. STTA estimation involved
a vestibular signal of translational acceleration from
the artificial vestibular sensor. Human and robot da-
ta were compared with each other and with computer
simulations to explore into possible expansions of the
identification approach.
Results: PostuRob’s responses resembled the humans’
responses (including those previously reported in liter-
ature). The responses obtained with PosturRob’s new
model resembled those with the old model, apart from
marginal differences, as expected. An exception, i.e.
present only in the human data, was a balancing im-
provement over time during the sinusoidal stimulation
(COM and COM excursions became smaller). We at-
tributed it to a human STTA prediction, this although
only a weak ‘wrong prediction’ effect was observed up-
on abrupt stimulation end. When we added a STTA pre-
diction mechanism to PostuRob’s DEC model (based
on a Smith Predictor method), it successfully mimicked
the corresponding human findings.

Conclusions: Complementation of the DEC model
with SSTA estimation and compensation is possible
and is compatible with the human data. The perfor-
mance benefit for purely reactive balancing is marginal,
though, because of the system’s inherent redundancy.
The redundancy hinders the identification of the SS-
TA estimation and compensation by simple straight-
forward ‘experimental proofs’. We therefore plead to
judge the value of the DEC model and other complex
adaptive models on the basis of their overall describ-
ing and predictive power. We show here that the DEC
model is very versatile in that it lends itself easily to the
prediction of the external disturbances, and this with
human-like outcome. Since the SSTA estimation in-
volves vestibular input, we hope to learn more about
the human control principles by including in future
vestibular-loss subjects who, in the absence of visu-
al orientation cues, are able to partially substitute the
vestibular cues by force cues.

PA-03
Membrane excitability of Purkinje neuron in vesti-
bulocerebellum
Chang-Hee Kim1, Jun Kim2, Sang Jeong Kim2

1Seoul National University College of Medicine,Seoul,
Korea (Rep)
2Seoul National University, Seoul, Korea (Rep)

Cerebellum underlies the control of posture and bal-
ance, fine coordination of motor movement, and work-
ing memory. Cerebellar Purkinje cells (PCs) are key to
a variety of motor- and learning-related behavior by in-
tegrating multimodal afferent inputs and taking up the
sole output of the cerebellar cortex. PCs are known to
generate high-frequency action potentials. The pattern
and rate of firing are under the control of both synaptic
input and intrinsic ion channels that allow the neurons
to fire spontaneously in the absence of synaptic input.
Intrinsic membrane excitability determines the input-
output relationship of neurons and therefore governs
the functions of neural circuits.
Cerebellar vermis consists of ten lobules (lobule I-
X), and each lobule has different function. However,
lobule-specific difference of electrophysiological prop-
erties of PC is incompletely understood. To address
this problem we performed a systematic study of PC
spiking patterns from different lobes (lobules III, IV,
V vs. X). Using patch clamp technique, passive and
active properties of PC were evaluated in slices pre-
pared from rats (P22-24). Two types of firing patterns
were identified in response to depolarizing current in-
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jections in PCs of lobules III, IV, and V; Tonic-firing
showing Na+ spikes at regular intervals throughout the
current pulse (71.4%), and Complex-bursting showing
both Na+ spikes and Ca2+-Na+ spikes (28.6%). In
contrast PCs in vestibulocerebellum (lobule X) exhib-
ited four types of firing patterns; Tonic-firing (37.9%),
Complex-bursting (6.9%),delayed-firing showing a de-
layed onset of firing in response to current injections
(27.6%), and initial bursting showing short firing of
a few action potentials (27.6%). This difference in
firing patterns probably contributes to lobule-specific
processing of input-output relationship.

PA-04
Bone-conducted vibration combined with real-time
triaxial accelerometry in eliciting ocular and cervi-
cal vestibular evoked myogenic potentials
Shou-Jen Wang1, Fu-Shan Jaw2, Yi-Ho Young3

1Institute of Biomedical Engineering, Taipei, Taiwan
2Institute of Biomedical Engineering, National Taiwan
University, Taipei, Taiwan
3Department of Otolaryngology, National Taiwan Uni-
versity Hospital, Taipei, Taiwan

Objective: This study utilized bone-conducted vibra-
tion (BCV) stimulation combined with real-time tri-
axial accelerometry to elicit ocular vestibular-evoked
myogenic potentials (oVEMPs) and cervical VEMPs
(cVEMPs). Our final goal was to optimize the acceler-
ation magnitude of BCV stimuli in eliciting VEMPs
Methods: Fourteen healthy volunteers underwent
oVEMP and cVEMP tests via BCV stimuli combined
with real-time analysis of triaxial acceleration.
Results: All (100%) subjects showed clear oVEMPs
and cVEMPs via BCV stimuli from a vibrator at the
voltage of 8.0 V. Under BCV stimulation at the Fz or
inion, the acceleration magnitude in y-axis revealed
the largest one, as compared with that in x-axis or
z-axis. Significantly positive correlations were noted
between the acceleration magnitude of each axis and
oVEMP/cVEMP amplitude. The optimal cutoff val-
ues of acceleration magnitude in x-, y- and z-axis were
0.05 g, 0.12 g, and 0.04 g for eliciting oVEMPs, and
0.03 g, 0.06 g and 0.03 g for evoking cVEMPs, respec-
tively. To achieve these values, the driving voltage of
the vibrator may be simply adjusted at 8.0V and 4.5V
for oVEMP and cVEMP tests, respectively.
Conclusion: For eliciting oVEMPs and cVEMPs via
BCV stimuli, the acceleration magnitude should exceed
0.12 g and 0.06 g in y-axis, which could be achieved
by adjusting the driving voltages of the vibrator at 8.0V
and 4.5 V, respectively.

PA-05
Galvanic vestibular-evoked myogenic potentials in
humans and guinea pigs
Po-Wen Cheng1, Yi-Ho Young2

1Department of Otolaryngology, Far Eastern Memorial
Hospital, Taipei, Taiwan
2Department of Otolaryngology, National Taiwan Uni-
versity Hospital, Taipei, Taiwan

Objectives: This study applied galvanic vestibular
stimulation (GVS) with various intensities and dura-
tions to elicit vestibular-evoked myogenic potentials
(VEMPs) in humans. In addition, GVS-VEMPs were
also carried out in guinea pigs to study the relation
between GVS-VEMPs and the vestibular afferents.
Methods: Fourteen male volunteers underwent VEMP
test using GVS mode with various intensities (1, 2, 3
and 5 mA) and durations (0.1, 0.2, 0.5 and 1.0 ms).
The characteristic parameters (latencies and amplitude)
were compared. In guinea pigs, 0.05 mL of gentamicin
(40 mg/mL) was dropped on the round window mem-
brane of the left ear. Four weeks after surgery, each ani-
mal underwent VEMP test using GVS mode (5 mA/1.0
ms), then animals were sacrificed for morphological
study.
Results: In humans, galvanic stimulation at 3 mA/1.0
ms, 5 mA/0.5 ms or 5 mA/1.0 ms had high prevalence
(89–100%) of GVS-VEMPs. However, the p13–n23
amplitude in group of 5 mA/1.0 ms was significant-
ly larger than those in groups of 3 mA/1.0 ms and
5 mA/0.5 ms. In guinea pigs, all animals (100%) dis-
played absent click-VEMPs and GVS-VEMPs. Sub-
stantial loss of hair cells in saccular macula is consistent
with absent click-VEMPs; while absent GVS-VEMPs
were correlated with significantly lower percentage of
voltage-gated sodium channel Nav1.8-like immunore-
active (Nav1.8-LI) neurons (38.9 ± 0.7), when com-
pared with the control ones (53.6 ± 3.2).
Conclusions: In humans, using 5 mA in intensity and
1.0 ms in duration may be the optimal GVS mode for
eliciting VEMPs. In guinea pigs, absent GVS-VEMPs
are attributable to the damage of the vestibular afferents.

PA-06
Gaba b receptors contribute to the restoration of
balance during vestibular compensation in mice
Dianne Broussard1, Raquel Heskin-Sweezie2, Heather
Titley2, Joan Baizer3
1University Health Network, Toronto, Canada
2Department of Physiology, University of Toronto,
Toronto, Canada



272 Poster Sessions

3University at Buffalo, Buffalo, USA

Following unilateral vestibular damage (UVD), vesti-
bular compensation restores both static and dynamic
vestibular reflexes. The cerebellar cortex provides pow-
erful GABAergic inhibitory input to the vestibular nu-
clei which is necessary for compensation. Metabotrop-
ic GABA type B (GABAB) receptors in the vestibular
nuclei are thought to be involved. Both GABA lev-
els in the vestibular nuclei and sensitivity of vestibu-
lar neurons to GABA are altered during compensa-
tion. GABAB receptors are also abundantly expressed
in the vestibulocerebellum. GABAB antagonists, ad-
ministered following compensation, can cause signs
of imbalance to reappear. However, the contribution
of GABAB receptors to compensation has not been
demonstrated directly.
Static compensation is more rapid than dynamic com-
pensation, and is thought to rely on different mecha-
nisms. The exact role of GABAB receptors may differ
between static and dynamic compensation. In addition,
there may be a critical period for compensation. In-
terference with compensation during the critical period
has been proposed to reduce its long-term effectiveness.
We tested static and dynamic postural reflexes and
gait in young mice, while they compensated for UVD
caused by injection of air into the vestibular labyrinth.
The air injection caused impairment of the static and
dynamic vestibular reflexes that are involved in normal
posture and locomotion. The effects of an agonist (ba-
clofen), an antagonist (CGP56433A) and a positive al-
losteric modulator (CGP7930) of the GABAB receptor
were administered to groups of mice during compensa-
tion. Multiple doses of the test substance were injected
s.c. both before and shortly after UVD.
Static postural reflexes recovered very rapidly, and ba-
clofen slightly accelerated recovery. CGP56433A sig-
nificantly impaired static compensation. Dynamic re-
flexes were evaluated by balance-beam performance
and by gait; both showed significant decrements fol-
lowing UVD and performance improved over the next
2 days. Both CGP56433A and baclofen temporarily
impaired the ability to walk on a balance beam after
UVD. Two days later, there were no longer any signif-
icant effects of drug treatments on balance-beam per-
formance.
Baclofen slightly accelerated the recovery of stride
length on a flat surface, but CGP7930 worsened the gait
impairment following UVD.
Using immunohistochemistry, we confirmed that
GABAB receptors are abundantly expressed on the

vestibulospinal neurons of Deiters and in the descend-
ing vestibular nucleus in mice.
Our results suggest that GABAB receptors contribute to
the compensation of static vestibular reflexes. GABAB
receptors also appear to be involved in the recovery
of gait following UVD. However, the observation that
balance beam performance returned to normal in all
groups suggested that impairment of static compensa-
tion does not necessarily result in an impairment of
dynamic compensation in the long term.

PA-07
Vestibulo-ocular reflex thresholds match perceptual
thresholds above 1 Hz
Dan Merfeld, Csilla Haburcakova, Richard Lewis
Harvard Medical School, Boston, USA

How the brain processes signals in the presence of noise
impacts much of behavioral neuroscience. Recent stud-
ies have shown that variations in smooth pursuit are
predominantlydue to sensory, not motor, contributions.
Analyses of smooth pursuit noise/variability (e.g. [4])
and comparisons of perceptual and motor thresholds
(e.g. [6]) support this conclusion. We set out to gener-
alize these findings to another sensorimotor system –
the vestibulo-ocular reflex (VOR). Specifically, we set
out to determine if horizontal VOR thresholds evoked
by yaw rotation match perceptual thresholds across a
broad frequency range.
Only one paper [5] has previously quantified VOR
thresholds – reporting VOR thresholds of 0.5◦/s/s
that were significantly less than perceptual thresholds
(1.2◦/s/s) evoked by the same angular velocity ramp
stimuli. Other studies using single cycle sinusoidal ac-
celerations have shown that yaw angular velocity per-
ceptual thresholds are roughly constant between about
0.5 and 5.0 Hz [3] but increase substantially as frequen-
cy decreases below 0.5 Hz [1,3]. These dynamic effects
can be modeled with a high-pass filter having a cut-off
frequency of 0.3 Hz that is substantially above the cut-
off frequency of the semicircular canals (∼ 0.0 5Hz,
e.g. [2]). This finding does not match VOR “velocity
storage” findings that show that the VOR can be mim-
icked by a high-pass filter having a cut-off frequen-
cy (∼ 0.01 Hz) substantially below the canal cut-off
frequency.
In this study, we measured the VOR using search coils
in rhesus monkeys. Single cycles of sinusoidal angular
acceleration were applied over a broad range of fre-
quencies (0.2, 0.3, 0.5, 1, 2, and 3 Hz) with the stimuli
amplitude near-threshold. The direction of eye move-
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ment (left or right) was determined. A psychometric
function was fit for each animal at each frequency with
a Gaussian cumulative distribution function. The fit
parameters gave a measure of the standard deviation
of the underlying noise, which is directly related to
threshold.
At 2 Hz and 3 Hz, we found VOR thresholds that av-
eraged about 0.5◦/s, which matched perceptual thresh-
olds at these frequencies, which is consistent with the
hypothesis that sensory noise determines both VOR
and perceptual thresholds. However, we also show that
VOR thresholds diverge dramatically from perceptual
thresholds at frequencies below 0.5 Hz. This demon-
strates that the bandwidth over which the VOR can be
used to directly assay sensory noise is restricted to fre-
quencies above 0.5 Hz. The dramatic difference be-
tween VOR thresholds and perceptual thresholds at fre-
quencies below 0.5 Hz suggests that different mecha-
nisms apply to perception than to the VOR.

References

[1] A. Benson, E. Hutt and S. Brown, Thresholds for the perception
of whole body angular movement about a vertical axis, Aviation,
Space, and Environmental Medicine 60 (1989), 205–213.

[2] C. Fernandez and J. Goldberg, Physiology of peripheral neu-
rons innervating semicircular canals of the squirrel monkey.
II. Response to sinusoidal stimulation and dynamics of periph-
eral vestibular system, Journal of neurophysiology 34 (1971),
661–675.

[3] L. Grabherr, K. Nicoucar, F.W. Mast and D.M. Merfeld,
Vestibular thresholds for yaw rotation about an earth-vertical
axis as a function of frequency. Experimental brain research,
Experimentelle Hirnforschung 186 (2008), 677–681.

[4] L.C. Osborne, S.G. Lisberger and W. Bialek, A sensory source
for motor variation, Nature 437 (2005), 412–416.

[5] B.M. Seemungal, I.A. Gunaratne, I.O. Fleming, M.A. Gresty
and A.M. Bronstein, Perceptual and nystagmic thresholds of
vestibular function in yaw, J Vestib Res 14 (2004), 461–466.

[6] L.S. Stone, R.J. Krauzlis, Shared motion signals for human
perceptual decisions and oculomotor actions, Journal of Vision
3 (2003), 725–736.

PA-08
A primate model for pendular nystagmus
Junko Fukushima1, Natsuko Shichinohe1, Graham
Barnes2, Teppei Akao1, Sergei Kurkin1, Manabu
Kase3, John Leigh4, Tim Belton5, Kikuro Fukushima1

1Hokkaido University, Sapporo, Japan
2University of Manchester, Manchester, United King-
dom
3Teine Keijinkai Hospital, Sapporo, Japan
4Case Western Reserve University, Cleveland, United
States of America

5Northwestern University, Chicago, United States of
America

Objective: Several forms of pendular nystagmus are
recognized, but animal models for them are lacking.
We have reported that, during early pursuit training,
juvenile monkeys exhibited transient oscillatory eye
movements that looked very similar to pendular nys-
tagmus. We hypothesized that these transient oscil-
latory eye movements, which appeared in normal ju-
venile monkeys, could become an animal model. In
the present study, we analyzed the characteristics of
the oscillatory eye movements, recorded neuronal ac-
tivity correlated with the oscillations in the cerebellar
flocculus, and tested the effects of gabapentin on the
oscillations.
Methods: Four monkeys were trained for horizontal
and vertical smooth pursuit; in two, saccades were al-
so tested. Three of them were aged 4 and one was
5.5 years old. Each monkey was seated in a primate
chair in darkness with the head firmly restrained in the
stereotaxic plane, facing a 22-inch computer display
placed 65 cm away from the eyes. A red spot of 0.5 ◦

angular size was used as the target. During the initial
training, our monkeys were trained only in horizontal
pursuit at 0.2 Hz (± 10◦). If the monkeys’ gaze was
within the error window of ± 5◦ for 0.5 s, a drop of ap-
ple juice was automatically delivered to the monkeys.
Once the gain of horizontal pursuit reached 0.7, we
started training the monkeys in vertical pursuit for ∼
2–3 weeks at 0.2 Hz (± 10◦), ∼ 30 min per day, 5 days
per week. We measured frequency, peak-to-peak eye
velocity, and amplitude of the ocular oscillations. In
one monkey, oscillation-related neuronal discharge was
recorded in the cerebellar floccular region. To analyze
neuronal discharge during oscillatory eye movements
and/or corrective saccades, all traces were aligned with
peak eye velocity obtained by differentiating eye posi-
tion traces on the computer using a 6 ms differentiation
time. In one monkey, the effect of gabapentin on the
oscillations was measured.
Results: Ocular oscillations, with features of pendular
nystagmus, appeared early during training of both hor-
izontal and vertical pursuit in all 4 monkeys. Although
these oscillations were observed both in the direction
of pursuit and orthogonally, the velocity and amplitude
of oscillation were larger in the direction of pursuit, im-
plicating pursuit mechanisms in their generation. The
mean frequencies of vertical oscillatory eye movements
were significantly higher than those of horizontal os-
cillatory eye movements during both horizontal pursuit
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and vertical pursuit. Corrective saccades were often su-
perimposed on the oscillations during pursuit and fixa-
tion, but exhibited clearly different velocity-amplitude
relationships from those of oscillation. Recordings in
the floccular region revealed that groups of neurons dis-
charged during both the pendular oscillations and cor-
rective saccades. Many neurons exhibited burst-tonic
discharge during visually guided saccades, similar to
discharge of brainstem burst-tonic neurons, suggesting
contributions of the neural integrator to the oscillation.
Gabapentin suppressed oscillations in the monkey test-
ed.
Conclusions: The transient ocular oscillations occur-
ring in monkeys during pursuit training could provide
an animal model for pendular nystagmus. Both smooth
pursuit and neural integrator may contribute to these
ocular oscillations.

PA-09
Dose deficit in hippocampal function affect equilib-
rium function?
Hidefumi Yamamoto1, Hideo Yamane1, Michiharu
Morini2
1Osaka City University, Osaka, Japan
2Tokyo Metropolitan Neurological Hospital, Tokyo,
Japan

Perception of spatial orientation and self-motion can
benefit from integration of multiple sensory cues in-
cluding vestibular signals. There are two types of
neurons related spatial orientation in the hippocampus.
Place cells were found in hippocampal areas CA1 and
CA3, correlates of head orientation collectively map
spatial locations, Head-direction cells are strongly se-
lective for the direction of the head in its environment.
Recently grid cells were found in entorhinal cortex
(EC). They also exhibit conjunctive representations of
position and orientation. Stackman showed that tem-
porary inactivation of the vestibular system led to dis-
ruption of location-specific firing in hippocampal place
cells and direction-specific discharge of postsubicular
HD cells, without altering motor function. Vestibu-
lar signals have important effects in expression of hip-
pocampal spatial representations.
Dose deficit in hippocampal function affect vestibular
function? To determine whether it does, we examined
the equilibrium function in patients with hippocampal
sclerosis and temporal lobe epilepsy.
Subjects and methods: Data were obtained from 16
patients with hippocampal sclerosis and temporal lobe
epilepsy. Eleven patients were also investigated af-

ter the amygdalohippocampectomy. They were exam-
ined by equilibrium tests (caloric test, posturograhy,
step test, and modified step test). We also investigated
sound lateralization test. Sound lateralization test is
one of the examination of auditory space maps. Space-
specific neurons in the auditory space map gain spa-
tial selectivity as a result of tuning to combinations of
the interaural time difference (ITD) and interaural level
difference (ILD).
Results: We detected dysfunction of equilibrium in
some patients with deficit of hippocampal function.
ITD was longer than in healthy subjects.

PA-10
Cortical response concerned with circular vection
detected by functional near infrared spectroscopy
(fNIRS)
Hiromasa Takakura, Hideo Shoujaku, Hisao Nishijo,
Yukio Watanebe
Graduate school of Medicine and Pharmaceutical Sci-
ences, University of Toyama, Toyama, Japan

To investigate brain activity during horizontal self-
motion perception (circular vection :CV), hemodynam-
ic responses by near infrared spectroscopy (NIRS) were
recorded simultaneously while the subjects received
optokinetic (OK) stimulation.
Six healthy subjects were enrolled (mean age 27.4 yrs
old; 6 males; all right-handed). The subjects were seat-
ed on a chair in a shielded room. A head cap for NIRS
(FLASH-PLUS; Shimadzu Co. Ltd., Japan) was set to
the subject. There were 62 NIRS probes in the head
cap, so that hemodynamic data was recorded from 103
fNIRS channels. Visual pattern of the OK stimula-
tion projected on a hemispheric screen in front of the
subject, resulting that visual pattern was applied to the
whole visual field of the subjects. In the OK stimula-
tion, visual pattern was rotated clockwise at the con-
stant angular velocity of 180 degree/sec for 60 sec. All
subjects felt CV in response to the OK stimulation. As
for the control, subjects looked at the stationary same
visual pattern for 60 sec. Differences of the changes
in Oxy-Hb concentration between OK stimulation and
control were evaluated in each probes.
Statistical analyses revealed that the widespread brain
regions correlated with self motion perception, which
comprised the right inferior frontal gyrus, bilateral su-
perior temporal gyrus, bilateral angular gyri and supra-
marginal gyri, right medial temporal gyrus, right pre-
cuneus and bilateral superior frontal lobe. These da-
ta revealed a cortical network involving visual motion
sensation corresponding to previous functional imaging
studies.
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PA-11
Evidence of re-weighting to plantar sensation at
0.06% and 0.10% blood alcohol intoxication in hu-
man postural control and adaptation
Per-Anders Fransson, Fredrik Modig, Mitesh Patel,
Måns Magnusson
Lund University, Lund, Sverige

Background: Acute alcohol intoxication is the cause
of many accidental falls needing medical aid at emer-
gency units and alcohol intoxication affects both the
sensory and motor systems. The risk of falling at var-
ious conditions can be measured by assessing the sta-
bility especially when it is perturbed. Standing pos-
tural stability relies on input from visual, vestibular
and somatosensory receptors. The somatosensory sys-
tem of the feet has both rapidly and slowly adapting
mechanoreceptors. When balance is perturbed through
disrupted information from one of the sensory systems,
appropriate postural stability can partly be restored by
putting a higher reliance on information from the re-
maining properly working sensory sources, a procedure
termed sensory re-weighting.
Aim: To assess how mechanoreceptive information
contribute to stability under quiet stance and under bal-
ance perturbations at 0.06% and 0.10% blood alcohol
concentration (BAC).
Method: 25 healthy subjects (mean age 25.1 years)
were assessed while sober and under alcohol intoxi-
cation by a force platform during quiet standing and
pseudorandom pulses of calf muscle vibration for 200-
s with eyes closed or open. The plantar cutaneous sen-
sation was assessed as tactile sensitivity (slowly adapt-
ing) and vibration perception (rapidly adapting). The
correlation between individual body sway and plantar
cutaneous sensation was calculated to assess the contri-
bution of plantar sensation to the stability during each
test condition.
Results: Body sway was significantly increased by
alcohol intoxication and the increase was substantially
larger at 0.10% BAC than at 0.06% BAC. There was
an increased association between the subject’s plantar
sensation and the subject’s body sway when intoxicated
by alcohol, particularly at 0.10% BAC and in the fast
corrective movements of balance when perturbed.
Conclusion: The study shows that when intoxicated
by alcohol, the recorded stability becomes significantly
stronger related to the individual’s plantar sensation
in the feet. This finding evidences that the central
nervous system use sensory re-weighting to enhance
the stability during alcohol intoxication. Moreover, the

findings also show that under alcohol intoxication,CNS
give information from the mechanoreceptive sensation
from the feet higher priority than usual under normal
sober conditions.

Table 1
Effects of alcohol intoxication, vision, stimulation period and local
vibration sensation on total, low frequency (< 0.1 Hz) and high fre-
quency (> 0.1 Hz) torque variance values during posturography us-
ing the GLM univariate ANOVA method, “NS” signifies no signif-
icant difference. The notation “< 0.001” means that the p-value is
smaller than 0.001. The interaction combinations not presented in
the table contained no statistical significant findings.

PA-12
Morphological changes in stria vascularis in exper-
imental animal modes administered arginine vaso-
pressin
Hideaki Naganuma, Katsumasa Kawahara, Ryohei
Sato, Koji Tokumasu, Atsusi Ochiai, Hiroyuki Makino,
Makito Okamoto
Ktasato Univ. School of Medicine, Kanagawa, Japan

Objectives: A number of clinical and experimental
animal studies suggest that arginine-vasopressin (AVP)
is closely related to the development of endolymphatic
hydrops which was a histopathological finding in the
inner ear in Meniere’s disease (MD) by acting as a re-
lated factor. Takeda et al. and Kumagami et al. induced
experimental endolymphatic hydrops by the chronic
administration of AVP for 1 week and also at a single
large dose of AVP in the guinea pig, respectively.
In previous experimental models, Mori et al. report-
ed that a perilymphatic perfusion of AVP produced an
increase in the electrical resistance of the scala media
concomitant with the endocochlear potential (EP) de-
crease and suggested that the main action site of AVP in
the cochlear was the stria vascularis. The mechanism
of it might be related to the dysfunction in the stria
vascularis.
In the present study, to elucidate the mechanism regard-
ing decrease in EP induced by administering AVP, the
morphological change was investigated. We conducted
a qualitative analysis in the morphological change in
the stria vascularis by administering AVP.
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Methods: Ten wistar rats weighing 100–200 g were
used in following experiments. In the control group
(n = 10, 5 animals) the same volume amount of nor-
mal saline solution as the volume amount of AVP (0.02
units /g) in the AVP group (see below) was admin-
istered by intraperitoneally injection. In AVP group
(n = 10, 5 animals), AVP (0.02 units/g, pitressin;
Arg-vasopressin, Daiichi-Sankyo, Japan) was given in-
traperitoneally, respectively. One hour after each injec-
tion of physical saline in the control group and AVP in
the AVP group, all animals were sacrificed under deep
anesthesia by an intraperitoneal injection of pentobar-
bital sodium and temporal bones were removed.
Ultrathin sections of stria vascularis for transmission
election microscopy (TEM) were made in the conven-
tional methods. The stria vascularis faced to the tym-
panic cavity at the second turn in mid-modiolar section
of the cochlea was selected to observed because the
condition of specimens of the stria vascularis was the
most stable.
In the AVP group, the area where the organella was
not in the intermediate cell (so called “vacuole”) was
observed. The whole of stria vascularis was observed
and photographed particularly at the magnification of
2000X under TEM. The films were scanned in 400 dpi
and saved in a personal computer. The images were
merged with a soft ware and then the whole of the stria
vascularis was saved in an image. The total area of the
each vacuole whose long diameter was larger than 1 µm
in the whole of the stria vascularis was measured with
using measuring software of image-J. The total area
of the each vacuole was compared among the control
group, the AVP group. The ratios between the whole
area of the stria vascularis and the total area of all the
vacuoles were also calculated and compared between
the control group and the AVP group.
Results: The total area of the vacuoles in the inter-
mediate cells were 30.7Å@ ± 16.1 and 91.0 ± 49.2
µm2 in the control and the AVP group, respectively.
The areas in AVP groups were significantly increased
in comparison with one in the control group (p < 0.01).
The ratios between the total area of the vacuoles in
the intermediate cells and the whole area of the stria
vascularis in the AVP group (0.031 ± 0.014) was also
significantly increased in comparison with one in the
control group (0.011 ± 0.006) (p < 0.01).
Conclusions: The vacuoles in the intermediate cell
were caused by the administering AVP. These morpho-
logical changes would impair the oxygen diffusion in
the stria vascularis.

PA-13
Expression of aryl hydrocarbon receptor in the in-
ner ear of rodents
Kazuhiko Kubo1, Mitsuru Ohashi2, Shizuo Komune2

1Chidoribashi General Hospital, Fukuoka, Japan
2Department of Otorhinolaryngology, Kyushu Univer-
sity, Fukuoka, Japan

Background: Many medical drugs such as aminogly-
cosides and cisplatin are known to impair the inner
ear. Some environmental pollutants also induce the
impairment of inner ear. Especially, polychlorinated
biphenyls (PCB) are well known as a representative
artificial chemical substance to cause the lesion in the
inner ear. Perinatal exposure to PCB produces the per-
manent hearing loss at a low-tone frequency as a result
of reduced serum level of thyroid hormones during the
critical period for the development of the inner ear. In
the hypothyroid rats exposed to propiothiouracil, the
formation of tectorial membrane was incomplete. In
contrast, the outer hair cells near the apical turn were
damaged in the PCB-exposed rats. Therefore, the de-
crease of thyroid hormone level does not explain the
mechanism of hearing loss in the PCB-exposed rats.
The dioxin-like compounds including PCB bind aryl
hydrocarbon receptor (AhR) directly. However, the
distribution of AhR is unclear in the inner ear.
Objectives: The aim of this study is to elucidate the
distribution of AhR in the inner ear of rodents.
Methods: Wistar rats and A/J mice were used in this
experiment. The immunohistochemical staining was
carried using Histofine Simple Stain MAX-PO sys-
tem (Nichirei Biosciences Inc., Japan) according to the
manufacturer’s instructions. The rodents were trascar-
dially perfused by 4% paraformaldehyde. The brains
were removed from the skull and immersed in 20% su-
crose. Frozen sections were cut at 7 µm. After quench-
ing the endogenous peroxidase activity by 3% H2O2

in methanol for 30 min, each sections were incubated
in 10mM phosphate buffered saline with 1% bovine
serum albumin and anti-AhR rabbit polyclonal antibod-
ies (diluted at 1:150, sc-5579; Santa Cruz Biotechnol-
ogy, USA) overnight at 4◦C. The sections were sub-
sequently treated with Simple Stain MAX-PO solution
for an hour at room temperature. Aminoethylcarbazol
(AEC) was used as a peroxidase substrate. There was
no staining in the negative control slides prepared with-
out primary antibodies.
Results: The distribution of AhR in rats were similar to
that of mice. In the cochlea, outer hair cells, spiral lig-
ament and spiral ganglion cells were immunopositive
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in rats and mice. Tectorial membrane also expressed
AhR in both types of rodents. The ampula of the semi-
circular canal expressed AhR, although the utricle did
not express that receptor.
Conclusions: These results suggest that ligands of
AhR may affect both auditory and vestibular function.
The cochlear AhR expressed in the outer hair cells and
the fibrocytes in the spiral ligament both of which play
an important role in the potassium cycle to maintain the
homeostasis in the inner ear. Therefore, the activation
of AhR may change the concentration of potassium in
the endolymph.

PA-14
Influence of galvanic and air-caloric vestibular stim-
ulation on self-attribution of body parts and tactile
perception
Christophe Lopez1, Bigna Lenggenhager2, Olaf Blan-
ke2, Fred W. Mast1
1University of Bern, Bern, Switzerland
2Ecole Polytechnique Federale de Lausanne, Lau-
sanne, Switzerland

A contribution of vestibular signals to bodily self-
consciousness is suggested by neurological observa-
tions. Stimulation of the peripheral vestibular sys-
tem may modify self-attribution of body parts in brain-
damaged patients suffering from somatoparaphrenia
and may improve tactile perception in patients with
hemianesthesia. Yet, the underlying mechanisms re-
main to be precisely determined. It is not clear, for ex-
ample, whether vestibular stimulation restores aware-
ness for one body part or changes tactile sensitivity
for this body part. The present study aimed at investi-
gating the influence of galvanic and caloric vestibular
stimulation on conscious bodily experiences.
In a first experiment (n = 16 healthy participants),
we investigated whether galvanic vestibular stimula-
tion (GVS) interfered with the mechanisms underlying
self-attribution of the hand using the so-called ‘rub-
ber hand illusion’ (Lopez et al., 2010 Consciousness
and Cognition). The (unseen) left hand and a left rub-
ber hand in front of them were stroked synchronously
or asynchronously for the duration of 1 minute. As
classically reported, synchronous stroking of the par-
ticipant’s hand and the rubber hand induced an illuso-
ry self-attribution of the rubber hand. We compared
whether this illusory self-attribution was influenced by
binaural GVS (anode left/cathode right, ‘exciting’ the
right ear vs. anode right/cathode left, ‘exciting’ the left
ear) applied during 1 minute stroking and compared the

results with a baseline without GVS and sham stimula-
tion (electrical stimulation on the neck). Immediately
after the stroking, self-attribution of the rubber hand
was assessed by means of questionnaires. The results
showed that left anodal/right cathodal GVS significant-
ly increased illusory ownership of the rubber hand and
illusory location of touch (as if the touch participants
felt was caused by the paintbrush touching the rubber
hand). We propose that these changes might be due
to a spatial or temporal modification of visual-tactile
integration, leading to an enhancement of visual cap-
ture. Such changes were found selectively for left an-
odal/right cathodal GVS and we speculate that this find-
ing is due to an interference with activity in the right
posterior insula and right temporo-parietal junction, re-
gions integrating vestibular, visual and tactile signals,
and their integrity is required for normal sense of body
part ownership.
In a follow-up experiment, we investigated whether air
caloric vestibular stimulation (CVS) influenced con-
scious tactile perception of hands. We measured tac-
tile two-point discrimination thresholds for the right
and left hand using pairs of plastic rods separated by
7 distances (from 2–14 mm). A 0 mm distance was
produced with a single rod. Each distance was tested
10 times in a randomized order. Participants reported
verbally whether they experienced one touch or two
touches. They performed this task while they received
either cold CVS (air temperature 20◦), or sham CVS
(air temperature 37◦), in their left ear. The two-point
discrimination task was performed in darkness. Our
preliminary data indicate that left cold CVS tended to
increase the threshold for detecting two points, thus dis-
turbing tactile perception. We propose that this could
be due to interfering effects of left cold CVS (relative
activation of the right ear) with processing in multisen-
sory cortical vestibular areas (mostly in the right cere-
bral hemisphere). Important candidates are the poste-
rior insula, temporo-parietal junction, primary and sec-
ondary somatosensory cortex and intraparietal sulcus,
where vestibular-tactile integration has been described
in animal and human studies.
Altogether, the results from these two studies suggest
that vestibular signals are involved in conscious expe-
rience of ownership for hands and discrimination of
touch, thus demonstrating the mechanisms revealed in
brain-damaged patients in healthy participants. The
present results also indicate the possibility to manip-
ulate important bodily experiences for human self-
consciousness by using vestibular stimulation (GVS
and CVS) in healthy participants.
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PA-15
The relationship between the superior canal dehis-
cence syndrome and human evolution: Does human
evolution cause vertigo?
Atsunobu Tsunoda, Naoto Takahashi, Ken Kitamura
Tokyo Medical and Dental University, Tokyyo, Japan

Objectives: The superior canal dehiscence syndrome
(SCDS) is a relatively new disorder which causes noise-
induced vertigo or dizziness and a cause of this bone
defect is still unclear. In this paper, we discuss the
etiology for this bone defect observed in SCDS from
the view points of ontogeny and phylogeny.
Methods: Skull base computed tomography (CT) of
adult human, fetus and primates (chimpansees, gib-
bons, macaques and baboons) were enrolled for this
study. After obtaining the voxel data (minimum
0.125 mm3), coronal image was reconstructed includ-
ing superior semicircular canal. Anatomical relation-
ships between the inner ear and skull base were esti-
mated, especially the distance from the superior semi-
circular canal (SSC) to middle cranial fossa (MCF) was
measured on the CT.
Results: In adult human, the position of the SSC varies,
however, is situated below the surface of the MCF in the
most of cases (a). On the other hand, all SSCs showed
apparent protrusion into the MCF in the fetus specimens
(b), whereas those of primates were far beneath the
MCF (c).
Conclusions: From the pylogenic aspects, the SCDS
is occurred only in the human and is the results of
evolution, especially development of cerebrum, that is
the brain. One possible explanation for the cause of
SCDS is as follows: the defect has been already seen
from the birth as an fatal defect. A certain episode like
sudden pressure to the inner ear and/ or cerebrospinal
fluid causes detachment of bone and dura mater. It
might represent the fragility to the loud noise or changes
of pressure.

Caption 1: SSC and middle cranial fossa

PA-16
Effects of 0.06% and 0.10% blood alcohol intoxica-
tion on human postural control
Fredrik Modig, Patel M, Magnusson M, Johansson R,
Fransson PA
Department of Clinical Sciences, Lund, Lund Univer-
sity, Sweden

Background: Standing postural control is the physio-
logical ability to maintain equilibrium and orientation
in a gravitational environmental. Since information,
which helps postural control, from the various senses
alters and is not always accurate or available, postu-
ral control must also be able to adapt its properties to
maintain a stable stance. Such a quality is necessary
to avoid falls. Alcohol intoxication is known to cause
postural instability which may lead to accidental falls.
However, previous studies on alcohol intoxication and
human balance have not in detail investigated the dose-
dependent changes in stability and alcohol’s influence
on the adaptation capacity.
Aim: The aim was to investigate how postural stability
and adaptation is affected by alcohol intoxication at
0.0%, 0.06% and 0.1% Blood Alcohol Concentration
(BAC).
Method: 25 healthy subjects (mean age 25.1years)
were intoxicated at three preset levels of BAC. Alco-
hol levels were measured and controlled by using a
real-time breath analyzer. Stance stability, either un-
perturbed or when proprioceptively perturbed by calf
vibration, were tested with a force platform, with either
eyes open (EO) or closed (EC).
Results: Postural stability was significantly decreased
by alcohol intoxication of 0.06% and 0.10% BAC with
both EO and EC, particularly when subjects were per-
turbed. The balance worsening was strongly related
to BAC, the effects increasing in a non-linear manner.
The alcohol effects on postural control increased also
with the duration of the sensorimotor challenge. Vision
generally reduced body sway both while sober and in-
toxicated and counteracted perturbations. This reduc-
tion was more pronounced in anteroposterior direction.
However, the destabilizing effects of alcohol could not
be fully compensated with eyes opened. Intoxication
also decreased the subjects adaptive capabilities, which
in lateral direction sometimes was completely abolish
or strikingly counteractive.
Conclusion: New insights were achieved about the
effects of alcohol on balance and postural adaptation.
Alcohol has complex effects on the human postural
control which are dose dependent, time dependent and
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direction specific. This may explain why rather low
levels (here 0.06 % and 0.1% BAC) of alcohol still are
associated with an increased risk of falls and accidents.

PA-17
Predicting change of vestibular direction detection
thresholds from acceleration profile differences
Florian Soyka, Karl Beykirch, Paolo Robuffo Gior-
dano, Heinrich H. Bülthoff
Max Planck Institute for Biological Cybernetics,
Tübingen, Germany

In the absence of vision, the perceived direction of
translational self motion is largely governed by signals
originating from the otoliths. Although it has been
shown that direction detection thresholds depend on
the frequency of the motion stimulus, the influence of
the actual time course of the motion has not been thor-
oughly investigated. The goal of our study was to mea-
sure, model and predict vestibular direction detection
thresholds for different motion profiles in the horizontal
plane.
Detection thresholds for three acceleration profiles, one
sinusoidal and two non-sinusoidal (Fig. 1A), with three
different durations were measured for six human par-
ticipants. An anthropomorphic robot arm, the Max
Planck CyberMotion Simulator, was used to provide
the motion stimuli. The experiment was designed as a
four-alternative forced-choice task, where blindfolded
participants judged the direction of motion from four
possibilities: forward, backward, left or right. Stimu-
lus intensity (peak acceleration of the motion profile)
was varied based on a Bayesian adaptive method, and
a psychometric function fit to the measurements deter-
mined the sensory threshold.

For modeling, a 2nd order linear dynamical system
with two poles and one zero, originally proposed by
Young and Meiry (1968), was used to describe the da-
ta. The parameters of this model have been previously
identified with sinusoidal motion stimuli over a broad
frequency range for similar tasks, but predictions con-
cerning perceptual thresholds for general motion pro-
files are unknown. In our study, the thresholds ob-
tained from the three sinusoidal acceleration profiles
were used to identify the static gain of the model by
fitting the system gain to the inverted thresholds. The
other parameters were derived from the literature.
Predicting the thresholds for general motion profiles
was based on the assumption that the output of the
model can be interpreted as the signal intensity coming
from the otoliths and that if this intensity overcomes
a certain value the correct direction of motion can be
perceived. In order to predict the threshold, the peak
acceleration of the input profile must be selected so that
that the corresponding maximum model output is equal
to one (Fig. 1B).
Predictions for the remaining six non-sinusoidal pro-
files showed that they were in good agreement with the
measured data, with the average error being smaller
than 20% of the average detection threshold. This is
a promising result, as just the static gain of the model
was identified from only three data points.
Accepting the linear model as a method to predict
thresholds, it is also possible to fit the model to the non-
sinusoidal profile data and identify the whole parame-
ter set. Instead of fitting the system gain to the invert-
ed sinusoidal thresholds, we computed the predictions
for all profiles given a certain set of model parameters
and iteratively varied the parameters to minimize the
error between measurements and predictions. Two of
the three identified model parameters agreed with the
values given in the literature, while the third was found
to be different. This difference suggested a phase lead
for lower frequencies, which corresponds to sensitivity
to jerk (the time derivative of acceleration).
Comparing threshold predictions between models with
different jerk sensitivities reveal distinct differences be-
tween the predictions at low frequencies. The predic-
tions for a model with higher jerk sensitivity appear
more appropriate and could be tested in future experi-
ments.
To summarize, we have shown that a linear model ap-
proach is able to predict vestibular perceptual direction
detection thresholds. This allows the model parameters
to be identified while resorting to non-sinusoidal stim-
uli, and helps to better understand vestibular linear mo-
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tion perception. Future studies will extend these mea-
surements to lower frequencies and assess this model-
ing approach for rotational movements.

PA-18
The vertical component of caloric nystagmus and
the orientation of the semicircular canals
Sachiko Aoki, Yasuko Arai, Kazufumi Suzuki, Ai Ma-
sukawa
Tokyo Women’s Medical University, Medical Center
East, Tokoyo, Japan

Objective: The origin of the vertical component of
caloric nystagmus remains unknown. We tried to ex-
plain the direction of the vertical component of caloric
nystagmus by angular orientation of the semicircular
canals in the head. We attempted to compare the ver-
tical component of caloric nystagmus and the angu-
lar orientation of semicircular canals measured by MR
imaging in each patients.
Subjects and Methods: We retrospectively exam-
ined the ears of patients who underwent MR exami-
nation of the labyrinths and caloric testing with ENG
recording. We selected the data of ears with normal
caloric responses that could be precisely measured by
3-dimensional MR imaging. The data of 50 ears were
qualified for the analysis. We divided the ears into

3 groups from the direction of vertical component of
caloric nystagmus: 10 ears with downbeating vertical
component (down group), 30 with none (none group)
and 10 with upbeating (up group).
Firstly, we measured the superior open angle between
the horizontal canal plane and the head sagittal plane
(HC), because we thought the tilt of the horizontal canal
plane with respect to the head sagittal plane may deter-
mine the vertical component of caloric nystagmus, as
the eye rotation is reported to occur along the plane of
the stimulated canal.
We further measured the anterior open angle between
the anterior canal plane and the head sagittal plane (AC)
and the posterior open angle between the posterior canal
plane and the head sagittal plane (PC) and calculated
the difference between PC and AC (PC-AC), because
we thought when the angle of one vertical canal to the
head sagittal plane was narrower than that of the other,
the influence of the former canal would be stronger, as
the head sagittal plane aligns with gravitational vertical
at standard caloric position and the 2 vertical canals
produce vertical component toward the opposite direc-
tions under caloric stimulus. From this idea, we com-
pared HC and PC – AC among the 3 groups.
Results: In the 3 groups of ears, HC was 87.9 deg
in down group, 90.1 deg in none group and 93.2 deg
in up group; the differences for PC-AC were 14.6 deg
(down group), 13.8 deg (none group), and 20.4 deg
(up group). Contrary to our expectation, neither angle
measurement showed significant difference among the
3 groups.
Conclusions: We could not explain the direction of
the vertical component of caloric nystagmus from the
angular orientation of the semicircular canals using our
current measurement technique. We concluded the ver-
tical component of caloric nystagmus could not be de-
termined only by the spatial orientation of semicircular
canals.

PA-19
The effect of morphological cupula change on
caloric response
Taro Inagaki, Mamoru Suzuki, Yoichi Iimur, Koji Ot-
suka, Shigetaka Shimizu, Ujimoto Konomi
Tokyo Medical University, Tokyo, Japan

Objective: We had reported that the cupula sustains
various degrees of changes under some conditions, and
the response to the endolymphatic flow was decreased
in the half-sized cupula model. In this study, we in-
vestigated the caloric response in the half-sized cupula
model.
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Methods: Bullfrogs were heavily anesthetized with
diethyl ether. After decapitation, the posterior semi-
circular canals (PSCs) were removed in Ringer solu-
tion. The PSCs were placed so that the whole canal
became in the vertical plane. Compound action po-
tentials (CAPs) of the PSC nerve evoked by a cooling
stimulus were recorded. A copper thermal probe with
a tip diameter of 1 mm was dipped in liquid nitrogen
for 10 seconds and was used to give cooling stimulus.
At first, the CAPs were recorded before removing the
cupula. Next, the cupula was removed from the crista
with gentle flush of Ringer solution. In one group,
the removed cupula was replaced on the crista and the
CAPs were recorded. In another group, the removed
cupula was sectioned in half using fine scissors and the
half cupula was replaced on the crista. Then, the CAPs
were recorded. Finally, the CAPs were recorded after
removing the entire or half cupula from the crista.
Results: The CAPs after replacing the entire cupula
were smaller than those before removing the cupula,
and they tended to be greater than those after replacing
the half cupula. The CAPs after replacing the half
cupula were close to those after removing the cupula.
There were only negligible CAPs after removing the
cupula.
Conclusions: Thermal stimulus hardly activates CAP
when the cupula is half sized. The morphological
change of the cupula, such as shrinkage, is potentially
one of the mechanisms of reduced caloric response.

PA-20
The mammalian saccule: transduction and trans-
mission
Jocelyn Songer1, Ruth Anne Eatock2

1Massachusetts Eye and Ear Infirmary, Boston, USA
2Harvard Medical School, Boston, USA

The mammalian saccule is sensitive to linear acceler-
ations and changes in the gravity vector (< 30 Hz) as
well as auditory stimuli (< 1500 Hz). We hypothesize
that specializations in the striolar zone make it more
sensitive to high-frequency stimuli. To investigate fre-
quency filtering, we record with the whole-cell patch
clamp method from hair cells and afferent terminals
in semi-intact preparations of the rat saccule (postnatal
days 1–8). We are focusing on striolar type I (SI) cells,
which have wide bundles and are innervated by simple
or complex calyceal afferent terminals. We have also
begun recording from postsynaptic afferent terminals,
chiefly calyx endings in the striolar zone. We use a
rigid probe to deflect hair bundles with sinusoidal or

step waveforms and rhodamine to label the cells we
record from.
Transduction data are, on average, comparable to re-
sults from the immature mouse utricle (Vollrath and
Eatock 2003). However, comparison of SI transduction
currents with data from extrastriolar type II (ESII) cells
indicates possible differences in transducer adaptation
and operating range. Transduction currents evoked by
step bundle deflections decayed with two time con-
stants. SI cells had significantly faster (p < 0.05) τ fast
values: 8± 2 ms (SEM; n = 11) vs. 15± 3 ms (5); and
greater extent of adaptation: 86± 3% (11) vs. 70± 5%
(7). τslow was not significantly different: 98 ± 17 ms
(11) vs. 142± 40 ms (5). Similar results were obtained
with sinusoidal stimulation (usually 2–100 Hz). Plots
of peak-to-peak amplitude against stimulus frequency
often showed two corner frequencies (fc) for high-pass
filtering, as expected from the adaptation time course:
the lower fc was the same (4 ± 1 Hz) for 12 SI and 5
ESII hair cells; the higher fc was higher for SI cells: 60
± 10 Hz (9) vs. 29 ± 3 Hz (4). The 10–90% operating
range was significantly smaller for SI cells: 1.1 ± 0.2
µm (8) vs. 1.7 ± 0.1 µm (5).
As in immature hair cells from the rodent cochlea and
utricle, voltage-gated currents included both Na+ cur-
rents (INa) and large outwardly rectifying K+ currents
(IK). The inactivation midpoint of INa was very neg-
ative in SI cells: −93 ± 1 mV (19) vs. −74 ± 2 mV
(6) in ESII cells, showing that the currents correspond
to INa,1 and INa,2 in immature rat utricular hair cells
(Wooltorton et al. 2007). IK had a more negative ac-
tivation midpoint in SI cells than ESII cells at P4, and
by P7 some SI cells had acquired IK,L, the very neg-
ative current typical of mature type I cells. In current
clamp, SI cells fired spikes in response to depolarizing
steps. Comparison of transduction currents and recep-
tor potentials evoked by sinusoidal bundle deflections
shows that voltage-gated currents affected rectification
and produced slow spikes at the onset of depolarizing
responses to low-frequency stimuli. Peak-to-peak re-
ceptor potentials tend to show more high-pass filtering
than transduction currents, which, together with low-
pass filtering by the membrane capacitance, produced
bandpass tuning with best frequencies between 10 and
30 Hz.
Voltage-gated currents from striolar calyces belonging
to calyx-only afferents (n = 7) revealed low-voltage-
activated currents (ILV ) similar to those observed in
some vestibular ganglion somata (Kalluri et al., ARO
2010). Like the somata and other neurons, calyces with
ILV responded to current steps with a transient firing



282 Poster Sessions

pattern (single onset spike). They also produced single
spikes to positive bundle deflections of type I cells en-
closed within the calyx. Three dimorphic fibers from
the extrastriola lacked ILV and, as seen with ganglion
somata, had more sustained firing patterns. Based on
comparisons of sinusoidally-evoked transduction cur-
rents, receptor potentials, EPSPs and spikes, it appears
that additional filtering is added at each stage. Sup-
ported by NSBRI through NASA NCC 9–58 (JES) and
NIDCD RO1 DC02290.

PA-21
Path iIntegration in the third dimension
Michael Barnett-Cowan1, Tobias Meilinger1, Manuel
Vidal2, Heinrich Bülthoff1
1Max Planck Institute for Biological Cybernetics,
Tübingen, Germany
2Collège de France – CNRS, Paris, France

Path integration, the ability to update the position and
orientation of external locations predominantly on the
basis of internal cues, is an effective strategy for spatial
navigation. While extensive work has been done on
evaluating path integration in the horizontal plane, little
is known for movements in the vertical (third) dimen-
sion. Here we assess whether pointing to the origin of
translational movement in vertical planes is similar to
that found for movement in the horizontal plane alone.
15 observers sat upright in a racecar seat that was
mounted to the flange of a modified KUKA c© an-
thropomorphic robot arm (Fig. 1a). An LCD display
was 50cm in front of the observers who were oth-
erwise tested in the dark. Sensory information was
manipulated by providing visual (optic flow, limited
lifetime star field), vestibular-kinesthetic (passive self
motion with eyes closed), or visual and vestibular-
kinesthetic motion cues. Movement trajectories con-
sisted of two segment lengths (1st: 0.4 m, 2 nd:
1 m; ± 0.24 m/s2 peak acceleration). Movements
in the horizontal, sagittal and frontal planes consisted
of: forward-rightward (FR) or rightward-forward (RF),
downward-forward (DF) or forward-downward (FD),
and downward-rightward (DR) or rightward-downward
(RD) movements respectively. The angle of the two
segments was either 45◦ or 90◦. A 15 s pause preceded
each trajectory. Observers pointed back to their ori-
gin by moving an arrow that was superimposed on an
avatar presented on the screen (Fig. 1b). Movement of
the arrow was constrained to the trajectory’s plane and
controlled by a joystick. The avatar was presented from
frontal, sagittal and horizontal viewpoints. Observers

were allowed to use any or all viewpoints to answer.
The starting orientation of the arrow was randomized
across trials. Each condition was repeated 3 times and
presented in random order. Signed error and response
time were analyzed as dependent variables.
Observers were more likely to underestimate angle size
(average data less than 0◦; Fig. 1c) for movement in
the horizontal plane compared to the vertical planes. In
the frontal plane observers were more likely on aver-
age to overestimate angle size (average data more than
0◦), while there was no such bias in the sagittal plane.
Another discrepancy between horizontal and vertical
planes was that responses in the vertical planes were
more closely related to a response bias suggesting that
the path segments were of equal length (solid grey line).
Finally, observers responded slower (Fig. 1d) when
answering based on vestibular-kinesthetic information
alone.
These results suggest that human path integration
based on vestibular-kinesthetic information alone takes
longer than when visual information is present. Path
integration has been well established as a means used
to resolve where an observer originated but is prone
to underestimates of the angle one has moved through.
Our results show this for translational movement but
only within the horizontal plane. In the vertical planes
pointing may have been directed in accordance with an
assumption of equal path lengths. This result suggests
that alternative strategies for determining one’s origin
may be adopted when moving in the third dimension
which may relate to the fact that humans experience
movement mostly within the horizontal plane.
Acknowledgments: MPI Postdoc stipends to MB-C
and TM who contributed equally to this work; Korean
NRF (R31-2008-000-10008-0)to HHB. Thanks to Karl
Beykirch, Michael Kerger, Harald Teufel & Joachim
Tesch for technical assistance and scientific discussion.
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PA-22
The use of nanotechnology for cochlear regenera-
tion
Ilmari Pyykkö1, Dennis Poe2, Jing Zou2

1University of tAmpere, Tampere, Finland
2University of Tampere, Tampere, Finland

Following the loss of sensory cells of the inner ear,
the de-afferented peripheral processes of the auditory
nerve will degenerate. In time the spiral ganglion cells
(SGCs) of the nerve and central projections also die.
The death appears to be due to apoptosis from loss of
survival factors (largely neurotrophins) provided by the
normal inner ear. The primary obstacles of inner ear
drug/gene therapy is the lack of vectors that are safe,
efficacious, cell/tissue-selective and able to enter the
nucleus to activate the repair mechanisms. Data from
animal and human studies now unanimously support
the view that neurotrophin treatment extends the sur-
vival and excitability of the remaining auditory nerve
following deafness.
It has been recently documented that Math-1 gene also
in mammalian inner ear can transform the supporting
cells to outer hair cells which act as sensory receptors.
The normal development of an organism is the result of
an integrated network of differentiation programs and
signaling pathways that control cell cycle exit. The

timely ordered expression of tissue-specific genes is ex-
ecuted by transcription factors of the basic helix-loop-
helix (bHLH) family. The bHLH transcription factor
math1 is both necessary and sufficient for hair cell dif-
ferentiation in the cochlea. Following binding to Id (In-
hibitors of DNA binding and differentiation) proteins,
bHLH cannot contact DNA, and the result is loss of
transcriptional activity and inhibition of differentiation.
Thus, the Id-induced negative regulation of hair cell
differentiation can be decreased by Id shRNA.
The cell entry and membrane trafficking is one limiting
factor in drug/gene incorporation process. At present it
seems that the nano-carriers are capable of using cave-
olin and integrin mediated clathrin pathways in addition
to non-specific macro-pinocytosis to pass round win-
dow membrane and in cell entry. These processes can
be facilitated by using viral TAT-protein for enhancing
the incorporation process. The critical size for cellular
trafficking seems to be 80 nm of particle size but for
nuclear entry it must be smaller and causes challenges
for gene delivery.
In the Nanoear project we have incorporated the Math-
1 plasmid, and Id-shRNA plasmid into lipid core
nanocapsules, silica, polylycin, lipoplexes and chitosan
nanoparticles and in hydrogel. The preliminary results
indicate that the transfected cells are expressing the re-
porter gene (GFP) and math-1 gene. Furthermore we
have demonstrated that in the cochlear nerve precur-
sor cells can be stimulated to differentiate with BD-
NF and they form new SGCs. We have studied the
passage of nano-carriers through the rat and human
round window membrane. For cellular targeting and
in inoculation process, the transfection rate is in vivo
experiments still relatively low, and more efforts have
to be made to improve the transfection with synthetic
vectors by enhancing the inefficient migration of DNA
through cellular membrane and translocation across nu-
clear pore complexes. The application of the nano-
carriers on the round window membrane indicates that
depending on type of nanoparticle different migration
pathways are employed and optimal carriers can be de-
signed depending on cargo. The use of nanoparticle
as drug/gene carrier is especially attractive in conjunc-
tion with cochlear implantation or even included in the
implant as a drug/gene reservoir.
www.nanoear.org. NANOEAR; 3g-Nanotechnology
based targeted drug delivery using the inner ear as a
model target organ. EU-Contract number:026556-2.
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PA-23
Self-motion perception evoked by vestibular, visual,
and combined stimulation at threshold levels
Ognyan Kolev1, Thomas Mergner2, Hubert Kimmig3,
Wolfgang Becker4
1University Hospital “St. Naum”, Sofia, Bulgaria
2Neurology, University of Freiburg,Freiburg, Germany
3Schwarzwald-Baar Klinikum, Villingen-Schwenn-
ingen, Germany
4Universität Ulm, Ulm, Germany

Objectives: Our perception of self-motion may arise
not only from vestibular input, but also from other sen-
sory cues such as visual cues that signal relative motion
between the self and the surroundings. The visual cues
may cause self-motion illusions, which in everyday life
are rare and short-lived, however. Illusion prevention
owes to a visual-vestibular fusion mechanism that, op-
timized by evolution, rather reliably reconstructs phys-
ical reality, thereby involving cognition. The fusion
and the cognitive mechanisms are still not well under-
stood. We therefore studied perception of self-motion
and motion of a visual surround pattern under experi-
mental conditions where probability of illusion occur-
rence is high and cognitive influences are strong. To
this end, we applied body and pattern rotations in the
earth-horizontal plane (where the vestibular gain de-
creases at low stimulus frequency due to canal low pass
transfer characteristics). Furthermore, the stimulus in-
tensities used were low, i.e. at detection threshold, ham-
pering subjects in their stimulus interpretation (signal-
from-noise detection) and possibly emphasizing cogni-
tive mechanisms. This study extends a previous one in
which we used a visual pattern that consisted of a single
light spot, replacing it here by a full-field optokinetic
pattern.
Methods: Subjects were seated on a Barany rotation
chair with their heads chair-fixed through bite boards.
The visual pattern, projected onto a surrounding screen
(radius, 0.9 m), was rotated about the same axis as the
chair. Three stimuli were used: (1) ‘Vestibular only’
(VEST); chair and pattern were rotated, pattern ‘fixed’
with respect to chair (head). (2) ‘Visual only’ (VIS);
pattern rotation, chair stationary. (3) ‘Synergistic com-
bination’ (VEST + VIS); chair rotation, pattern station-
ary. The rotations were applied as sinusoids at 0.025,
0.05, 0.1, 0.2, and 0.4 Hz. Motion detection thresh-
olds were evaluated using the method of ‘upper and
lower limits’ (thresholds were approached from both,
subthreshold and suprathreshold values; measure, peak
angular velocity). Stimulus presentations were in runs,

in which subjects were instructed to attend to and indi-
cate rotation of (a) self or (b) visual pattern. Frequency
of occurrence of the instructed (or insinuated) motion
perception was noted. Subjects indicated instance and
pattern of perceived motion using a joystick (only trials
with correctly indicated pattern were taken).
Results: VEST: Subjects experienced rotation of self
and pattern (both veridical) with almost equal probabil-
ity. The two threshold curves were clearly above 1◦/s
at 0.025 Hz and showed essentially the same frequen-
cy dependency, decreasing with increasing frequency
(henceforth: ‘canal signal’ characteristics). However,
the curve of pattern motion showed lower thresholds
than that of self-motion. VIS: Indication of pattern
motion (veridical) was 100%, while that of self-motion
(illusion, often called circular vection) decreased with
stimulus frequency from 100% at 0.025 Hz to 12%
at 0.4 Hz. Yet, the detection curves were similar for
both, self and pattern being close to 0.5◦/s across the
whole frequency range (‘visual motion signal’ char-
acteristics). VEST + VIS: Frequency of self-motion
(veridical) was 100% and that of pattern motion (il-
lusion) clearly lower. Both threshold curves showed
the ‘visual motion signal’ characteristics. But the pat-
tern motion illusion showed higher thresholds than the
self-motion perception.
Conclusion: The main finding is that the self-motion
threshold curve shows ‘canal signal’ characteristics up-
on VEST and ‘visual motion signal’ characteristics up-
on both VIS and VEST + VIS. This finding was predict-
ed by a visual-vestibular fusion model of the Freiburg
lab. Not predicted were the pattern motion illusion with
VEST + VIS and the observed differences in threshold
levels between self and pattern motion. The latter were
not observed in our previous study in which a single
spot instead of the optokinetic pattern was used. The
model is to be extended or revised such as to also cover
the present findings.

PA-24
Idiopathic scoliosis is linked to an anatomical asym-
metry in the peripheral vestibular system
Gaëlle Quarck, Julien Lacoudre, Eric Edy, Pierre
Denise, Jean-François Mallet
University of Caen, Normandy, Caen Cedex, France

Idiopathic scoliosis (IS) is defined as progressive struc-
tural curvature of the spine and deformity of rib cage
and pelvis which can have severe consequences in
adults (respiratory difficulties and spinal pain). Ado-
lescent idiopathic scoliosis develops during pubertal
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growth in an otherwise healthy child, for which no rec-
ognizable cause exists. Girls are more at risk than boys
for severe progression. The scoliosis curvature tends
to increase with time. The deformity is conventionally
measured on standing coronal plane radiographs using
the Cobb technique. Management of IS is generally
carried out during growth period and a surgical cor-
rection and stabilization by orthopedic surgery can be
done, only for progressive and severe cases.
Despite many years of extensive research into the field
of IS, the cause of this disorder has not been resolved.
Several approaches have been considered: genetic, hor-
monal, neurophysiological (Letellier et al., 2007). Pa-
tients with SI have postural and oculomotor abnormal-
ities; these observations suggest that this syndrome
could be in relation with vestibular dysfunction. It is
well-known that a unilabyrithectomy induces a vestibu-
lar asymmetry that leads to an asymmetry in tonic activ-
ity in paravertebral and postural muscles. It is possible
that, in children, a small vestibular asymmetry could
induce an asymmetry in tonic paravertebral muscle ac-
tivity which could progressively lead to a curvature
of the spine; this phenomenon has been demonstrated
in vestibular lesioned animals (Lambert et al., 2009).
Moreover, we have recently shown that a vestibular
dysfunction has a direct effect on bone mineralization
(Levasseur et al., 2004).
The scientific literature dealing with vestibular function
and IS is incomplete and heterogeneous. Some stud-
ies explored the canalar function, such as the study of
Sahlstrand et Petruson (1979) who showed a right/left
asymmetry during a caloric test in patients with a SI.
This result was not in accordance with the study of
Kapetanos et al. (2002). Only one study focused on
otolithic function and SI (Wiener-Vacher et Mazda,
1998): they found an asymmetry of some otolithic pa-
rameters but the semicircular canals function was not
evaluated. Finally, only one study explored the bony
and lymphatic canals abnormality via a modeling pro-
cedure using CT scans or MRI (Rousie et al., 2009) and
found abnormalities in IS patients.
The goal of this study is to explore a possible link
between vestibular asymmetry and IS by combining an
anatomical and a functional approach.
The anatomical approach is a measure of orientation of
the peripheral vestibular organs symmetry by MRI. The
functional approach is a canaliculo and otolitho ocular
reflexes test (rotatory and tilting chair). This approach
is completed by a rod and frame test (RFT) which
evaluates indirectly the way the vestibular informations
are integrated. The experimental group is made up of

13 patients with a IS, Cobb’s angle between 10 et 50◦,
without surgery, boys and girls, between 10 and 18
years old. The control group is made up of age paired
healthy subjects.
The first data show a significant difference between SI
patients and control subjects concerning the orientation
of the peripheral vestibular organs symmetry: the mean
angle between the right and left lateral semi circular
canals is 9.5 ± 5.5◦ in IS patients and 4.2 ± 3.2◦ in
control subjects (t test, p = 0.008; see figure 1 for
individual data). There is no difference in RFT scores
between IS patients and control subjects suggesting that
vestibular informations are correctly integrated. The
data of the vestibulo ocular reflexes are in process, they
will be presented and discussed at the meeting.

PA-25
In vitro whole-cell conductances recorded from de-
veloping human cristae
Rebecca Lim, Aaron Camp, Melissa Walsh, Robert
Callister, Alan Brichta
The University of Newcastle, Callaghan, Australia

Background: Almost all the information we have
about the development and function of the vestibular
periphery has come from animal models. While they
have provided us with invaluable data and allowed us
to infer much about our own peripheral vestibular de-
velopment and function, we know very little about how
these animal models compare with humans. Here we
describe our preliminary results from physiological and
anatomical studies of vestibular hair cells and afferent
terminals using in vitro human fetal tissue. Given the
temporal differences in vestibular organ maturity be-
tween humans and common laboratory animals, it is
important to establish a developmental timeline com-
paring their respective physiology and anatomy. We
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have begun to record whole cell conductances in devel-
oping human vestibular hair cells and calyx terminals.
Our goal is to compare these results with those from
mice at various developmental stages. This basic infor-
mation is important if we are to establish models using
wildtype and genetically modified mice that adequately
represent normal and abnormal human vestibular de-
velopment and function.
Methods: Human tissue was collected and prepared
according to State legislation and regulatory require-
ments of the University of Newcastle Human Research
Ethics Committee. Physiology: Inner ears from termi-
nated human fetuses (12 to 18 weeks gestation) were
excised and semicircular canal cristae isolated in ice-
cold glycerol-based Ringers’ solution. Cristae prepara-
tions were then transferred to a recording chamber per-
fused with oxygenated L15 cell culture media. Whole-
cell patch-clamp recordings were made from hair cells
and calyx afferent terminals that were embedded with-
in the intact cristae. Ionic currents were recorded us-
ing glass pipettes filled with potassium fluoride inter-
nal solution. In some cases the fluorescent dextran,
Alexa 594, was added to the internal solution. Anato-
my: Human tissue (8 to 18 weeks gestation) was fixed
in 4% paraformaldehyde for one hour. The tissue was
then sectioned and processed for immunohistochemical
staining. Initially, we chose to study the distribution of
calcium-binding proteins within the human vestibular
epithelium.
Results: In our patch clamp studies we have success-
fully recorded and labeled a number of human vestibu-
lar hair cells that display a variety of inward and out-
ward rectifying conductances. In one example at 14
weeks gestation, an amphora-shaped hair cell (as re-
vealed by intracellular fluorescence), displayed con-
ductances similar to those seen in postnatal mice and
rats. This cell however, did not exhibit the negative-
ly activating delayed outward rectifier potassium con-
ductance, gK,L, characteristic of mature type I hair
cells. However, it did possess a transient current sim-
ilar to sodium conductances that are typical of imma-
ture mouse and rat hair cells. In cristae aged 15 and
16 weeks gestation, we have recorded from four hair
cells, that would be classified as type II due to their
delayed inward and outward rectifier conductances. In
contrast to the earlier hair cell, recorded at 14 weeks
gestation, none of these cells showed evidence of tran-
sient sodium channel activation. Interestingly, in some
type II hair cells there appears to be a “collapsing” tail
current that is consistent with a transitory accumulation
of potassium around the hair cell.

Summary: In this study we provide data on whole
cell conductances in developing human cristae. Our
preliminary results show evidence that ionic currents in
human fetal hair cells are comparable to those recorded
in postnatal mouse and rat. At 14 weeks gestation, our
results suggest human hair cells are still functionally
immature and may undergo distinct changes between
15 and 16 weeks gestational age. Further study will
determine whether human vestibular tissue is physio-
logically mature by 18 weeks gestation.

PA-26
Inhibitory synaptic transmission in the lateral
vestibular nucleus
Rebecca Lim, Iain Stitt, Aaron Camp, Robert Callister,
Alan Brichta
The University of Newcastle, Callaghan, Australia

Background: The lateral vestibular nucleus (LVN)
has an important role in the activation of vestibulocol-
lic and vestibulospinal reflexes (VCR and VSR). LVN
neurons in mice can be divided into two groups, smaller
diameter neurons (< 30 microns), and larger primary
projection neurons (> 30 microns). These large neu-
rons are called Deiters’ neurons and are topographical-
ly organised according to their spinal cord projection
site. Dorso-caudally located Deiters’ neurons project
to lumbosacral regions whereas rostro-ventral cells in-
nervate cervical regions. Within the spinal cord, ax-
ons of Deiters’ neurons contact interneurons and mo-
tor neurons that activate axial and limb muscles that
contribute to VCR and VSR.
Physiological evidence suggests an important source of
excitatory input to Deiters’ neurons comes from pri-
mary vestibular afferents and is glutamatergic. In con-
trast, inhibitory inputs arise from cerebellar Purkinje
cells and is GABAergic. In addition, a recent study
has shown the projection from cerebellar fastigial nu-
cleus to LVN is glycinergic (Bagnall et al., 2009). The
present study investigates inhibition of large Deiters’
and smaller, presumed interneurons, of the LVN.
Methods: Mice (approx. 2–3 weeks old) were anaes-
thetised with Ketamine (100 mg/kg) and decapitated.
The brainstem was isolated and the region containing
the LVN was sectioned (250 µm) and placed in an
oxygenated chamber of Ringers solution. Whole cell
recordings in current- and voltage-clamp modes used
KCH3SO4 and CsCl internal solutions, respectively.
All values are expressed as mean ± S.E.
Results: Current-clamp recordings show that approx-
imately 73% of Deiters’ neurons are tonically active,
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and have comparable discharge rates (12.6 ± 2.8 Hz,
n = 12) to nearby medial vestibular nucleus (MVN)
neurons (9.7± 1.6 Hz,n = 27). Approximately 85% of
smaller LVN neurons are also tonically active but have
a significantly lower mean discharge rate than Deiters’
neurons (5.9 ± 0.9 Hz, n = 26; p < 0.05).
To characterise the effect of inhibition on discharge rate,
we injected a 1 second hyperpolarizing current step to
lower the membrane voltage by 30 mV. MVN neurons
have been shown to exhibit post-inhibitory rebound fir-
ing (PRF; Sekirnjak and du Lac, 2002). Our results
indicate Deiters’ neurons and MVN neurons have sim-
ilar PRF values (8.4 ± 2.9, n = 8; 6.9 ± 1.7, n =
20, respectively), whereas smaller LVN neurons have
significantly higher PRF values (37.3 ± 12.8, n = 17;
p < 0.05).
To investigate synaptic inhibition in LVN, we recorded
quantal synaptic currents in Deiters’ neurons and small-
er LVN neurons in the presence of 1 µM tetrodotoxin
and 10 µM CNQX. GABAA ergic miniature inhibitory
postsynaptic currents (mIPSCs) were isolated by the
addition of 1µM strychnine to block glycine receptors,
and glycine receptor-mediated mIPSCs were isolated in
the presence of GABAA receptor antagonist bicuculline
(10 µM). Properties of mIPSCs, such as frequency, am-
plitude, rise time, and decay time constant were mea-
sured. Our results show that Deiters’ GABAAergic
mIPSCs were significantly different, for all measures,
compared to those from smaller LVN neurons (all p <
0.01). Most notable was the difference in the frequency
of GABAAergic mIPSCs (Deiters’ neurons = 13.25 ±
1.1 Hz; smaller neurons = 1.23 ± 0.3 Hz). We also re-
port a difference in glycinergic inhibition to both LVN
neuronal groups (Deiters’ neurons = 0.2 ± 0.1 Hz;
smaller neurons = 0.5 ± 0.1 Hz).
Summary: We conclude Deiters’ and smaller LVN
neurons not only differ in their background rate but al-
so have different discharge responses to hyperpolariz-
ing inhibitory current injections. In addition, we de-
termined that there was differential GABAA ergic and
glycinergic inhibitory input to the two groups of LVN
neurons. Deiters’ neurons received more GABAA er-
gic and less glycinergic input than their smaller LVN
counterparts.

PA-27
Thresholds for self-motion perception in roll about
earth-verical and earth-horizontal axes with and
without fixation targets
Ognyan Kolev1, Daniel Merfeld2

1Medical University – Sofia, Sofia, Bulgaria

2JVPL, MEEI, Department of Otology and Laryngol-
ogy, Harvard Medical School, Boston, USA

Background: Earlier studies on self-motion percep-
tion thresholds in yaw have shown that when healthy
human subjects are sinusoidally rotated with a fixation
spot kept in fixed alignment with their head, the thresh-
old is lower than the threshold in total darkness. In this
condition the horizontal canals are predominant.
Objectives: The purpose of the present study was to
investigate: a) if there is a similar effect for self-motion
perception thresholds when subjects are rotated sinu-
soidally in roll in the supine position about an earth-
vertical axis with a fixation target kept in fixed align-
ment with their head, and b) how a canal-otolith inter-
action will influence the threshold when subjects are
rotated in roll about an earth-horizontal axis while in
an upright seated position.
Methods: Six subjects were tested. Subjects were
supine (in a seated-like posture) and were rotated in roll
about a naso-occipital earth-vertical axis, while they
fixated their gaze on an LED cross (10◦ of visual an-
gle) that rotated with the chair. Stimuli were single cy-
cles of sinusoidal acceleration at four frequencies: 0.1,
0.2, 0.5, and 1 Hz. The second experiment was sim-
ilar to the first except subjects were upright and were
rotated about a naso-occipital earth-horizontal axis.
Thresholds were measured using a 3-down, 1-up stair-
case paradigm. A MOOG motion platform (MOOG
6DOF2000E) was used to generate the motion.
Results: The results showed that thresholds for self-
motion perception were significantly lower when sub-
jects were rotated about an earth vertical axis while
supine with gaze fixed on the cross LEDs than in total
darkness. However when the rotation axis was earth-
horizontal, there was no significant change in the detec-
tion threshold between roll tilt self-motion thresholds
in total darkness and with visual fixation of the cross
LEDs.
Conclusions: Fixation targets influence self-motion
perception thresholds in roll rotation about an earth
vertical axis but not for identical rotations about an
earth-horizontal axis. Otolith-ocular reflexes and/or so-
matosensory influences acting during roll tilts about an
earth horizontal axis may eliminate the fixation effect
measured for earth-vertical axis rotations.
Acknowledgement: This study was supported by
ONR Global (Grant N00014-06-1-4030). Authors
wish to thank to Dr. Keyvan Nicoucar and Koeun Lim
as well as to all staff of Jenks vestibular physiology lab-
oratory of MEEI, Boston, MA, and Harvard Medical
School.
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PA-28
Response of the angular vestibulo-ocular reflex
(aVOR) to high acclerations in three dimensions af-
ter lateral semiciruclar canal nerve section
Sergei Yakushin1, Mingjia Dai1, Jun-Ichi Suzuki2, Ya-
suko Arai3, Theodore Raphan4, Bernard Cohen1

1Mount Sinai School of Medicine, New York, USA
2Teikyo University, Tokyo, Japan
3Tokyo Women’s Medical College, Tokyo, Japan
4Brooklyn College, CUNY, Brooklyn, USA

We previously demonstrated that canal plugging does
not completely inactivate the plugged canals but rather
reduces its dominant time constant from 4 s to 0.070 s.
A model-based analysis predicts that in canal plugged
animals, the spatial gain curves of the responses would
be different from normal animals at low accelerations,
but responses to high acceleration steps of velocity
would be similar to that of normal animals. To test
these predictions, animals with all 6 canals plugged
were rotated about a spatial vertical axis while upright
(0◦) or statically tilted for-aft up to 90◦, using 60◦/s
steps of velocity (acceleration≈300◦/s2) and thrusts of
acceleration (≈ 3000◦/s2). Temporal gains of the yaw,
pitch and roll components of the aVOR were computed
at every head orientation, plotted as a function of the
head tilt, and fit with a cosine function to obtain the
spatial gains and phases. Spatial gains peaked at ≈
0◦ for yaw and ≈ 90◦ for roll components of eye ve-
locity in normal animals under all stimulus conditions.
Vertical aVOR gain was negligible in all the fore-aft
head orientations. Consistent with the model predic-
tions, aVOR gains of the 6-canal plugged cynomolgus
monkey were indistinguishable from those of normal
animals (≈ 0.6 for roll and ≈ 1.0 for yaw) for these
high acceleration rotations. Gains obtained with steps
of velocity with lower accelerations were significantly
smaller than gains of the normal animals (≈ 0.4 and 0.5,
respectively). Bilateral lateral canal nerve section had
a substantially more profound effect on aVOR respons-
es. The yaw and pitch gains were markedly reduced at
all tested frequencies as well as when tested with the
steps and thrusts of accelerations. The spatial yaw and
roll gains also peaked with the animals tilted back ≈
50◦, in a position where the intact vertical canals were
in the plane of rotation. This shows that while plugging
eliminates the responses at low to midband frequencies,
canal nerve section eliminates the response over a much
higher bandwidth, extending to frequencies equivalent
to thrusts of≈ 3000◦/s2. The results also are consistent
with the fact that canal-pairs contribute to the overall

aVOR gain according to their orientation to the axis
of rotation and that there is no spatial adaptation of
the response planes after canal injury (Yakushin et al.,
1998).
Supported by NIH Grants: DC04996, EY04148,
EY11812, DC05204 and EY01867

PA-29
Self-motion perception parallels the angular vesti-
bulo-ocular reflex during earth-vertical yaw and
pitch rotations in patients with midline cerebellar
dysfunction
Antonella Palla1, Giovanni Bertolini1, Stefano Ramat2,
Dominik Straumann1, Sarah Marti1
1Zurich University Hospital, Zurich, Switzerland
2Dipartimento di Informatica e Sistemistica, Università
di Pavia, Pavia, Italy

The velocity-storage mechanism (VSM) prolongs the
angular vestibulo-ocular reflex (aVOR) at low frequen-
cies. The vestibulo-cerebellum, specifically the nodu-
lus and ventral uvula, modify the time constant (TC) of
the aVOR via the velocity-storage network. In healthy
human subjects, it has been suggested that self-motion
perception of angular velocity steps about the earth-
vertical axis depends on the VSM in a similar way as
reflexive eye movements. We therefore hypothesized
that, in patients with signs and symptoms of midline
cerebellar dysfunction, changes of self-motion percep-
tion and aVOR would also go in parallel.
Perceived angular velocity (PAV; reported by hand-
wheel turning) and reflexive eye movements (search-
coil method) were simultaneously recorded in 9 cere-
bellar patients (34–81y) and in 9 age-matched healthy
subjects (hS; 35–71y) after the sudden deceleration (a
= 100◦/s2) from constant-velocity (v = 90◦/s) counter-
clockwise rotations about the earth-vertical yaw (up-
right position) and earth-vertical pitch axes (90◦ left-ear
down position, upward rotation relative to the head).
PAV and aVOR data were analyzed using a two-
exponential model with a direct pathway, represent-
ing semicircular canal (SCC) activity, and an indirect
pathway, implementing the VSM (Raphan et al., 1979).
For both PAV and aVOR, model parameters were con-
straint by requiring equal TCs of SCC in gain optimiza-
tion procedures (parameters optimized with nonlinear
least-squares algorithm).
According to our prediction, simulations with equal
VSM-TCs for PAV and aVOR accurately fitted the data
in both cerebellar patients (median aVOR R2 = 0.88:
range 0.53–0.95; median PAV R2 = 0.91 [0.50–0.95])
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and hS (median aVOR R2 = 0.94 [0.41–0.97]; medi-
an PAV R2 = 0.89 [0.75–0.97]). No significant im-
provement of the quality of the fit was found when we
used separate VSM-TCs for PAV and aVOR (p > 0.8)
in both populations. Overall, the median estimate of
velocity-storage TC (VSM-TC) in patients was com-
parable to hS for yaw (median ± 1SD: 16 ± 4s and
15 ± 4s, respectively) and pitch (9 ± 5s and 5 ± 3s,
respectively) rotations. For pitch rotations, however,
a bimodal distribution of the cerebellar patients VSM-
TC was observed, suggesting a non-homogeneouspop-
ulation. This observation was confirmed by hierarchi-
cal cluster analysis, which split the patients into two
groups (G1: N = 4; G2: N = 5). A significantly longer
VSM-TC was found in G1 (15± 3s) compared to hS (5
± 3s; Mann-Whitney Test: p = 0.005) and to G2 (6 ±
3s; p = 0.03). VSM-TC in G2, on the other hand, was
similar to hS (p = 0.8). For yaw rotations, no signifi-
cant differences were found between G1 (16 ± 2s) and
G2 (13 ± 4s, p = 0.05) and between both cerebellar
groups and hS (15 ± 4s; p > 0.1).
We conclude that (1) self-motion perception in response
to angular velocity-steps is most likely controlled by
the same VSM than reflexive eye movements. (2) We
speculate that the short VSM-TC of pitch rotations in
healthy subjects is due to suppressive adaptation by the
vestibulo-cerebellum, specifically the nodulus, using
signals from the otoliths. As a consequence, a pro-
longed VSM-TC in pitch rotations would reflect a ma-
jor involvement of the vestibulo-cerebellum in patients
with signs and symptoms of midline cerebellar lesions.
Supported by Swiss National Science Foundation grant
no. 3232B0 119376 (SCORE); Koetser Foundation
for Brain Research, Zurich, Switzerland; Vontobel-
Stiftung; Center of Integrative Human Physiology,Uni-
versity of Zurich, Switzerland.

PA-30
The anatomy of the utricular and saccular maculae
in relation to the footplate of the stapes. An Xray
MicroCT study
Payal Mukherjee1, Hilal Uzun2, Ian Curthoys3, Allan
Jones2, Andrew Bradshaw1, David Pohl1
1Royal Prince Alfred Hospital, Sydney, Australia
2Australian Centre for Microscopy and Microanalysis,
Sydney, Australia
3University of Sydney, Sydney, Australia

Background: Stapedotomy is a frequently performed
operation in an otologist’s practice. Anatomy of the
membranous labyrinth in relation to the stapes foot-

plate is a difficult area to study and the placement of the
piston and its depth are crucial for successful stapedo-
tomy operations. A few studies have been conducted
measuring distances from the footplate of the stapes to
the maculae but there are large differences in results be-
tween studies. Usually the measurements have been de-
rived from two dimensional information derived from
histological sectioning of preserved bones, which may
be affected by shrinkage artifact as well as perspective
distortion in the two dimensional plane.
Objective: To undertake an analysis of the three di-
mensional spatial relation of the stapes to the utricle
and saccule using Xray MicroCT technology.
Methods: Eleven temporal bones were fixed with
Karnovsky’s fixative, soaked in 2% Osmium tetroxide
and scanned in a Skyscan X-ray MicroCT scanner. All
specimens had an intact otic capsule to exclude sec-
tioning artefact and no alcohol was used, to avoid tis-
sue shrinkage. Measurements were taken in a vertical
plane to measure distances from the utricle and sac-
cule to the footplate of the stapes. Three dimension-
al reconstruction provided new graphical evidence of
the spatial relationship of these structures and the foot-
plate. The relationship to the vestibular end organs to
the placement of a stapes piston was also studied. The
3-d reconstructions allowed realistic computer simula-
tions of the effect of varying piston depth, angle of in-
sertion and location of piston placement on footplate.
Safety was able to be verified in three dimensions.
Results: Distance measurements varied significantly
depending on the vector drawn, emphasising perspec-
tive distortion of a purely two dimensional study. Mi-
croCT allowed analysis in coronal, sagittal and axi-
al planes. Three dimensional reconstructions were at-
tained of the utricle and saccular membrane as well as
the respective maculae in relation to the stapes foot-
plate. It was evident that the safest area of piston place-
ment was the mid third of the footplate in the inferior
half. It was safe to insert the piston to 0.5 mm depth at
all areas except postero-superiorly where the utricular
maculae is an average distance of 0.61 mm away from
the footplate. The angle of insertion of the piston, also
influenced the end result.
Conclusion: The safest area of manipulation is the
inferior half of the footplate in the mid third region.

PA-31
Utricular function in normal subjects and patients
with vestibular dysfunction
Qadeer Arshad, K Agarwal, ME Faldon, Michael
Gresty, Barry Seemungal, Adolfo Bronstein
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Objective: To measure utricular function, using the
unilateral centrifugation technique, in normal subjects
and patients with vestibular dysfunction.
Methods: Subjects were securely seated on a rotating
chair (Neuro Kinetics Inc, Pittsburgh) which slowly ac-
celerated in darkness about a vertical axis to reach a
constant velocity of 400◦/s. During the constant ve-
locity rotation, the subject was shifted slowly sideways
relative to the rotation axis, up to 4.2 cm to the right
and left. The subject was held for 30s in the three test
positions (Right, Centre and Left). Centripetal accel-
eration of the utricles modifies the perceived gravita-
tional vertical, and so changes in the subject’s posi-
tion relative to the rotation axis will generally induce
sensations of roll tilt. This roll tilt was measured us-
ing a chair-fixed subjective visual vertical (SVV). The
subject used a rotating knob to orientate a randomly
offset laser line to the perceived gravitational vertical;
approximately 8 settings were made in each test po-
sition and the median value was taken to indicate the
subjective roll tilt. Subjects also performed the SVV
task when the chair was stationary (Static value). In
each extreme chair position, the net acceleration on the
head (gravitational and centripetal) was equivalent to
a roll tilt of 11.7◦, in opposite directions for the Right
and Left chair positions. The ‘SVV gain’ was defined
as the difference between the SVV tilts in the Right and
Left positions, divided by 23.3◦. Utricular ‘asymme-
try’ was defined by comparing the mean SVV tilt in the
three test positions (relative to the Static value) to the
difference between the Right and Left SVV settings. A
complete unilateral loss would be expected to produce
zero SVV tilts when the remaining functioning utricle
was positioned on the rotation axis. In this case, the
mean SVV tilt would be equal to half the maximum
range (100% asymmetry).
We tested 28 normal subjects (age 17 to 67 years) and 42
vestibular patients (29 Ménière’s, 8 bilateral vestibular
loss and 5 unilateral canal pareses of different aetiolo-
gy). All patients had one or more additional vestibular
function tests (calorics, VEMPs or conventional rota-
tional testing). The total caloric response was defined
by summing the peak slow phase eye velocities induced
by 30◦C and 44◦C irrigations of each ear; unilateral
caloric weakness was calculated using Jongkee’s for-
mula.
Results: SVV gain and asymmetry were normally
distributed in the normal subject group (mean SVV gain
= 0.55 ± SD 0.25; mean asymmetry = −6% ± SD
35%).

The patients with bilateral loss (e.g. total caloric re-
sponse � 20◦/s) had significantly reduced SVV gains
(mean = 0.23 ± SD 0.14). Combining all the patients
with calorics (n = 37) there was a significant pos-
itive correlation between SVV gain and total caloric
response (R2 = 0.14, p < 0.03).
SVV gain for the Ménière’s group (mean = 0.49 ± SD
0.24) was not significantly different to the normal con-
trols. However, in the Ménière’s patient group there
was a significant correlation between utricular asym-
metry and caloric weakness (R2 = 0.26, p < 0.01).
3/5 patients with unilateral loss (caloric weakness >
60%) had strong asymmetries (> 60%) indicating ip-
silaterally reduced utricular function. However, one
other patient had a large SVV gain (1.3) and only 15%
utricular asymmetry (VEMPs were also preserved in
this patient); the final patient in the group had a very
low SVV gain (0.02).
Conclusions: Unilateral centrifugation with SVV
measurements gives additional, potentially useful in-
formation about utricular function. Bilateral vestibu-
lar loss produces low SVV gains and unilateral deficits
produce asymmetric SVV responses.

PA-32
Population responses of floccular purkinje cells dur-
ing vergence pursuit
Sergey Kurkin, Takashi Tsubuku, Teppei Akao, Junko
Fukushima, Kikuro Fukushima
Hokkaido University School of Medicine, Sapporo,
Japan

Objectives: Previous studies showed that, during
frontal smooth pursuit, the majority of Purkinje cells
(P-cells) in the cerebellar floccular region are sensitive
to position, velocity and acceleration of eye motion. As
to depth pursuit it is only known that P-cells discharge
depends on viewing distance (Miles et al., 1980). In
this study we tried to reconstruct P-cells firing rate dur-
ing vergence pursuit using position, velocity and accel-
eration of vergence eye motion.
Methods: We recorded simple spike discharge of floc-
cular P-cells in four Japanese monkeys during 10◦ step-
wise (28 cells) and sinusoidal (120 cells) target motion
in depth that required vergence angle of 10◦. 3D virtual
stimuli were generated using images viewed alterna-
tively by the right and left eye through polarized shutter
glasses switching at 120 Hz, and the refresh rate of the
computer monitor was synchronized with the shutter
glasses. Simple spike discharge of P-cells represent-
ed by spike density function was fit with time shifted
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linear combination of vergence eye position, velocity
and acceleration, with vergence velocity being split into
convergence and divergence components that was dic-
tated by the asymmetry of the vergence step responses
during on- and off- stimulus direction.
Results: About 75% of vergence cells were sensitive
both to eye position and eye velocity, most of other
25% cells were sensitive to position only and only a
few cells had pure vergence velocity sensitivity. Ma-
jority of P-cells showed an asymmetry in vergence step
responses during on- and off- stimulus direction. In
most cases the on-responses were higher in amplitude,
than off-responses. Off-response gain was poorly cor-
related with amplitude of on-response (correlation co-
efficient of 0.42 with slope 0.53, N = 28). In 6 of 28
cells firing rate increased during both convergence and
divergence step. In most cells vergence acceleration
only insignificantly contributed to fit goodness. 82%
of P-cells had the same preferred directions for ver-
gence position and vergence velocity. The same model
fitted vergence step responses and sinusoidal respons-
es. The best-fit parameters computed for vergence step
response also fitted well the sinusoidal responses of
the same P-cell at different frequencies, suggesting the
same neural mechanism is controlling smooth vergence
pursuit and fast changes of eye vergence angle. The
average responses of convergence and divergence cell
populations were very similar except for the preferred
directions. Both population responses started with a
transient activity component centered at eye velocity
peak followed by sustained activity during fixation in
newly achieved position. During off-phase, the tran-
sient decrease of activity was much smaller than on-
transient peak, and population response coded main-
ly eye position in this area. Acceleration component
was unable to significantly increase a fit goodness of
the group responses. Therefore each population coded
vergence velocity only in preferred direction. The sum
of the responses of convergence and divergence popu-
lations coded the amplitude of vergence eye velocity,
whereas response position dependence was canceled as
result of summation.
Conclusions: Vergence pursuit cells fire for both eye
position and eye velocity. Vergence eye acceleration
contributes minimally to P-cell response. Population
responses of floccular Purkinje cells code vergence eye
position and either convergence or divergence eye ve-
locity.

PA-33
Sensorimotor noise in the vestibulo-ocular reflex ex-
hibits low-dimensional structure
Dan Merfeld, Faisal Karmali
Harvard Medical School, Boston, USA

Like all systems, sensorimotor networks are affected by
noise which limits the accuracy of motor tasks. Noise
levels determine the relative reliability of different sen-
sory modalities, and the brain has been shown to per-
form sensory fusion by optimally relying on reliable
cues more than degraded ones (Ernst and Banks, Na-
ture, 2002).
Characterizing noise and attributing it to a particular
part of the sensorimotor network is important from the
standpoint of basic science – understanding sensory es-
timation and fusion – and for clinical care – being able
to localize damage to a particular pathway and to either
sensory, central or motor sources. Osborne et al. (Na-
ture 2005) provide evidence that 92% of the variability
in smooth pursuit can be attributed to errors in sensory
estimation of target motion. Others have characterized
the dimensionality of noise, the number of parameters
required to describe trial-to-trial variability in multi-
axis systems. These studies (e.g. Sanger TD, J Neu-
rosci 2000) show that the dimensionality of sensorimo-
tor noise is usually lower than the number of degrees of
freedom, implying that the brain may plan in a simpli-
fied coordinate system. Most of these studies employ
Principal Component Analysis (PCA) to decompose
trajectories into “eigentrajectories”- time series vectors
that can be used to reconstruct all of the original trajec-
tories using linear superposition. Typically a few key
eigentrajectories explain most variability.
In this study, we measured noise in the vestibulo-ocular
reflex (VOR). Our goal was to use the VOR as a simple
way to gain a window into vestibular noise, in the same
way that another oculomotor system, smooth pursuit,
has been used to provide a window into visual sensory
processing. Like the earlier studies, we decomposed
the variability of many repetitions of VOR responses
into eigentrajectories using PCA.
Horizontal and vertical eye positions were recorded in
Rhesus monkeys during rotation that was purely yaw,
as well as with small pitch rotations added so that the
vector direction was ± 3,6,9◦. Motions consisted of
a single-cycle of sinusoidal angular acceleration yield-
ing a sigmoid-like displacement (peak velocity 20◦/s,
frequency 2 Hz). Motion in darkness commenced after
the animal held fixation. Analysis was conducted on
eye velocity for the first 125 ms of motion, which was
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compared to 125 ms of “background” variability with
no motion and a fixation target present. Absolute noise
was calculated using standard deviation. In addition to
eigentrajectories, we fit the noise to models in which
we assumed that noise could be explained by two basis
trajectories proportional to the mean eye velocity, in
either polar or Cartesian coordinates.
In a representative session (321 trials), the absolute
noise was 0.33◦/s during fixation and 0.67◦/s in the
latter half of motion. The first five eigentrajectories
computed by PCA accounted for 44%, 9%, 7%, 6%
and 4% of the variation. In absolute terms, the first
accounted for 0.29◦/s, and the second 0.0◦°/s. After
removing variation described by these two eigentrajec-
tories, the remaining noise was 0.31◦/s, close to that
of fixation noise. This suggests that one or two eigen-
trajectories are sufficient to explain most of the vari-
ance above background noise. Fitting noise to models
showed that two basis trajectories were sufficient to ex-
plain the variation above the background, regardless of
the coordinate system – the residual was 0.28◦/s for a
polar fit and 0.33◦/s for a Cartesian fit.
These results suggest that the time-course of the VOR
exhibits low-dimensional structure, which is consistent
with other studies. In addition, one or two eigentra-
jectories are sufficient to explain all the variance above
fixation noise suggesting that they capture all the vari-
ability related to motion.

PA-34
Perceptual roll tilt thresholds demonstrate visual-
vestibular fusion
Dan Merfeld, Faisal Karmali, Keyvan Nicoucar, Koeun
Lim
Harvard Medical School, Boston, USA

Stable motor control relies on accurate sensory esti-
mation, which is performed by sensory fusion of in-
complete, noisy, ambiguous cues. Previously [2], we
measured vestibular thresholds of humans in the dark
during roll tilt (to the left and right) using a range of
frequencies; we measured thresholds for the semicir-
cular canal (SCC) and otolith organs individually and
for simultaneous stimulation and found that the brain
combines information from these two sensory systems.
Other studies have found similar cross-modality fusion
of information, such as tactile and vision [1].
This study examined visual-vestibular fusion during
roll tilt using 3 conditions to separate the potential vi-
sual cues of motion, absolute orientation and relative
orientation:

1. NO VISION: subjects in the dark throughout.
2. FULL VISION: lights on during, before and after

motion, providing natural visual motion cues and
absolute & relative orientation cues.

3. STATIC VISION ONLY: as above except lights off
during motion, providing only absolute & relative
visual orientation cues, and not visual motion cues.

Subjects (3 F, 4 M, mean age 41, range 31–61) were
pre-screened for normal vestibular function. We mea-
sured thresholds using an adaptive staircase (3-down
1-up) in which subjects tilted left or right and indicated
perceived tilt direction. A range of frequencies (DC, .1,
.2, .5, 1, 2, 5 Hz) allowed us to use differences between
dynamic properties of each cue to separate their con-
tribution (canal, otolith, visual motion & orientation).
Dynamic motions consisted of a single-cycle of sinu-
soidal angular acceleration yielding a sigmoid-like dis-
placement. Quasi-static (DC) tilt stimuli utilized sub-
threshold constant velocity ramps with smooth sub-
threshold acceleration/deceleration.
In the figure showing recognition thresholds in the three
conditions, the abscissa is the frequency of motion and
the ordinate is the threshold angle of roll tilt; error bars
show standard error across subjects. With NO VISION
(solid line), gravitational tilt measured by the otoliths
dominated at low frequencies while the SCC contribu-
tion increased at higher frequencies. At DC the average
threshold was 1.32◦. As frequency increased, thresh-
old velocity was reached with smaller tilt angles, drop-
ping to 0.05◦ at 5 Hz. With FULL VISION (dash-dot),
thresholds between 0.1–1 Hz were reduced by 48%
compared to NO VISION (ANOVA; p < 0.005). At
DC and at higher frequencies (2 & 5 Hz) there were no
significant differences. This suggests that vision pro-
vides predominantly motion and/or relative orientation
cues, but not absolute orientation, cues. It suggests
these visual cues are less sensitive than the otoliths at
low frequencies, less sensitive than the SCC at high fre-
quencies, but more sensitive at intermediate frequen-
cies. Thresholds for STATIC VISION ONLY (dotted
line) were not significantly different from NO VISION,
suggesting that absolute visual orientation cues do not
improve thresholds.
We developed an optimal Bayesian weighting mod-
el to estimate vision-only thresholds using mea-
sured vestibular-only thresholds and combined visual-
vestibular thresholds. The slope of the vision-only
thresholds was -11 dB/decade suggesting a contribu-
tion of both visual motion and orientation cues. These
thresholds match qualitatively with those measured us-
ing random dot patterns [3].
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Our results demonstrate that visual-vestibular fusion
improves roll-tilt direction recognition thresholds. The
results suggest that visual cues provide primarily mo-
tion and relative orientation information.
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PA-35
Effects of cinnarizine on isolated vestibular hair
cells of guinea pigs
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Objectives: The pathogenesis of the Meniere’s disease
and its histopathological correlate, the endolymphatic
hydrops, is not well understood. There is no convincing
answer which explains the cellular pathomechanisms
on vestibular hair cells in case of the Meniere’s disease.
Therapeutic effects of various pharmaceutics on these
cells are also unclear. Cinnarizine is a calcium antag-
onist, which is used in the treatment of the Meniere’s
disease. In our studies we analysed the effects of cin-

narizine on ion currents in guinea pig vestibular hair
cells.
Methods: Vestibular hair cells from guinea pigs were
isolated by mechanical and enzymatical dissection.
They were studied using the whole-cell patch-clamp
technique. In current clamp, voltage responses to
trains of stimulating currents were recorded. In voltage
clamp, transmitter release was assessed from changes
in the cell capacitance, as calculated from the phase
shift during application of sine waves (Fig. 1).
Results: We found out, that cinnarizine, beside its
quality as a calcium antagonist, also has an effect on
the calcium dependent K+ outward currents, which
are responsible for the repolarisation of the vestibular
hair cells. Cinnarizine abrogated increases of K+ cur-
rents induced by increases in the hydrostatic pressure.
The pressure dependent K+ currents may play an im-
portant role according to the endolymphatic hydrops.
We demonstrated that cinnarizine may modulate trans-
mitter release in vestibular hair cells by two divergent
mechanisms that affect the release in opposite direc-
tions. As expected, cinnarizine inhibited transmitter
release when applied at concentrations sufficient for a
block of voltage-gated Ca2+ currents (Fig. 2). More
importantly, we provide evidence that cinnarizine, at
far lower concentrations, reverses the inhibiting effects
of enhanced hydrostatic pressure on transmitter release.
Conclusions: Electrophysiological experiments on
vestibular hair cell are essential for an all over under-
standing of the pathophysiology of the Meniere’s dis-
ease. An elevated hydrostatic pressure in the endolym-
phatic space of the inner ear is discussed as pathophys-
iological factor in hydrops-related diseases of the inner
ear. The influence of cinnarizine on the ion currents
on guinea pig vestibular hair cells we showed attests
the positive effects of this drug in the treatment of the
Meniere’s disease. The concentrations of cinnarizine
required for inhibition of K+ currents are similar to
the free plasma concentrations in clinical conditions.
Therefore, the induction of K+ currents by hydrostatic
pressure appears to be a possible and plausible patho-
logical mechanism in vestibular vertigo, and the phar-
macological modification of these K+ currents may be
a promising therapeutic principle that should be con-
sidered in further developments of drugs, especially
for the local application for the treatment of Meniere’s
disease.



294 Poster Sessions

PA-36
Histological analysis of a pygmy killer whale (feresa
attenuata) inner ear
Anna Lysakowski1, Steven Price1, Timothy Hullar2
1University of Illinois at Chicago, Chicago, United
States of America
2Washington University, St. Louis, USA

Cetacean strandings are sometimes related to anthro-
pogenic underwater noise. Histological analyses of
cetacean inner ears are rare due to the scarcity of the
specimens and poor preservation of inner ear tissue.
We were interested in obtaining histological data from
a stranded animal to evaluate it for evidence of acous-
tic inner trauma. We were able to obtain temporal
bones from a pygmy killer whale (Feresa attenuata)
that stranded live but died approximately ten weeks lat-
er during rehabilitation. Necropsy revealed the imme-
diate cause of death was likely to be pneumonia. With a
standard H&E stain on celloidin-embedded decalcified
tissue, spiral and vestibular ganglion cells and afferents
are well preserved. Pillar cells are also well preserved,
but hair cells are not in evidence. Vestibular endorgans
are small, compared to the cochlea, and disproportion-
al with the size of the animal. Stereological (disector)
methods are used to obtain ganglion cell counts. These
histological data should give us more insight into the
allometric relationship between sensory organ size and
body size in the inner ear.

Poster Session 1 – B. Diagnosis

PB-37
Non-invasive evaluation of endolymphatic hydrops
and normal value of endolymphatic space using
magnetic resonance imaging
Fang Liu1, Weining Huang2, Zhengchang Wang3

1Beijing Hospital, Beijing, China
2Department of Otolaryngology, Beijing Hospital, Bei-
jing, China
3Department of Radiology, Beijing Tongren Hospital,
Capital Medical University, Beijing, China

Background: In 1861, Prosper Meniere first described
the symptom complex of the disease and proposed the
pathologic site to be in the labyrinth. Despite this well-
known symptom complex, Meniere’s disease remains a
controversial and often difficult disease. The contribut-
ing factors include that the etiology remains unknown,
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the natural course is highly unpredictable, moreover, it
is impossible to demonstrate the dilated endolymphat-
ic network histologically in temporal bones of living
patients with clinical Meniere’s disease and there is no
test that makes the diagnosis of Meniere’s disease.
Recently, several reports indicate that endolymphat-
ic hydrops can be visualized and graded using three-
dimensional fluid-attenuated inversion recovery (3D-
FLAIR) magnetic resonance imaging (MRI) after inva-
sive transtympanic gadolinium (Gd) injection through
tympanic membrane in patients with inner ear diseases
but there was still no the range of normal values of
endolymphatic space to diagnose “endolymphatic hy-
drops” and estimate its degrees in Meniere’s disease.
Our purpose is to standardize the evaluation of en-
dolymphatic hydrops and normal value of endolym-
phatic space in both the cochlea and the vestibule by
applying for non-invasive intratympanic Gd perfusion
through eustachian tube and 3D-FLAIR MRI.
Study Design: Prospective study. With a 3 Tesla MRI
unit, 3D-FLAIR MR imaging was performed 24 hours
after intratympanic Gd through eustachian tube in sev-
en patients with Meniere’s disease and sixteen health
volunteers. Pure tone test and tympanometry were per-
formed 24 h before and after administered Gd, more-
over, tympanometry was performed 1 month after ad-
ministered Gd.
Results: The gadolinium could appear in the perilymph
inside inner ear, moreover, the border between the peri-
lymph and the endolymph was visible so that endolym-
phatic space was clearly shown on 3D-FLAIR MRI. In
health, the ranges of normal value of endolymphatic
space in the cochlea and the vestibule were � 28% and
� 40%, respectively. According to the normal value
of endolymphatic space, all of 7 patients had a ratio
of more than 28% in the cochlea, moreover, three of 7
patients had a ratio of more than 40% in vestibule. No
significant changes in pure tone test and tympanometry
were noted.
Conclusions: The non-invasive evaluation of en-
dolymphatic hydrops and normal value of endolym-
phatic space using magnetic resonance imaging is in-
dicated.

PB-38
OVEMP findings to air-conducted tones are inde-
pendent of CVEMP findings?
Toshihisa Murofushi1, Hanako Saigusa1, Kikuko
Wakayama1, Eriko Yoshimura2, Yukiko Tsuda2, Ya-
suhiro Chihara3

1Teikyo University School of Medicine, Kawasaki,

Japan
2Yoshimura ENT Clinic, Fujisawa, Japan
3Tokyo Postal Services Agency Hospital, Tokoyo,
Japan

Background: Vestibular evoked myogenic potentials
in the cervical muscles (cVEMP) have been used as a
clinical test of the vestibulo-collic reflex, predominant-
ly sacculo-collic reflex. Recently, myogenic potentials
around the eyes (oVEMP) have also been recorded.
However, significance of oVEMP remains unclear.
Objectives: To clarify if oVEMP findings to air-
conducted tones in patients with unilateral peripheral
vestibular disorders are independent of cVEMP find-
ings.
Subjects and Methods: Clinical records of patients
with unilateral peripheral vestibular disorders were re-
viewed. Among the patients, patients that underwent
both of oVEMP testing and cVEMP testing were se-
lected. Methods for recording of oVEMP and cVEMP
were as follow. Electrodes for recording were placed
just beneath the lower eye lid (active) and 2 cm below
the active electrode (reference) for oVEMP, and on the
upper half of the sternocleidomastoid muscle (active)
and on the lateral end of the upper sternum (reference)
for cVEMP. Five hundred Hz short tone bursts (rise/fall
time = 1 msec, plateau time = 2 msec, 125 dB SPL)
were presented. Signals were amplified, bandpass-
filtered (20–2000 Hz), and 100 responses were aver-
aged twice. Responses beneath the contralateral eye to
the stimulated ear were studied for oVEMP and those of
the ipsilateral sternocleidomastoid muscle were stud-
ied for cVEMP. [Results] Some patients showed ab-
normal results only in oVEMP testing, while some did
only in cVEMP testing. Two tests were independent
statistically. In patients who also underwent caloric
tests, relations of caloric test results to VEMP results
were studied. Caloric test results were not dependent
on cVEMP or oVEMP results.
Conclusions: These results suggested that oVEMP
should reflect functions of different peripheral vestibu-
lar populations from cVEMP or caloric testing.

PB-39
Diagnostic value of rotational test in peripheral ver-
tigo patients
Daogong Zhang, Zhaomin Fan, Yuechen Han, Haibo
Wang
Provincial Hospital affiliated to Shandong University,
Jinan, China
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Objective: to explore the clinical value of different
parameters of rotational test in the diagnosis of periph-
eral vertigo.
Material and Methods: 176 peripheral vertigo pa-
tients were analyzed in this study. All the patients un-
derwent the rotational test and caloric test. The pa-
tients were divided into the different groups according
to the value of unilateral weakness (UW) or directional
preponderance (DP) in caloric test, and the results of
different four parameters of rotational test among the
different groups were evaluated.
Results: The abnormal rate of gain, phase, direction-
al preponderance, and time constant of rotational test
was 6.8%, 38.6%, 31.8%, and 32.4% respectively in
176 patients. The combination of four parameters was
62.5%. There existed a statistically significant differ-
ence in value of phase and directional preponderance
between peripheral vertigo and control group (p <
0.05). There were significant difference in phase, pre-
ponderance and time constant between the groups of
normal and abnormal value of DP group in caloric test
(p < 0.05). However, there were no differences in all
kinds of parameters between the groups of normal and
abnormal value of UW in caloric test (p > 0.05).
Conclusions: Individual rotational test parameters
showed lower sensitivity in identifying peripheral ver-
tigo. The combination of rotational test parameters
improved predictive capabilities. Phase has the great-
est clinical significance in its ability to find peripheral
vestibular system injury. The DP value had important
influence on the results of rotational test, which indi-
cated that rotational test could reflect the compensation
status of peripheral vertigo.

PB-40
Digitalization of paper-based electronystagmogra-
phy
Masakatsu Taki1, Tatsuhisa Hasegawa2, Hirofumi
Sakaguchi1, Toshihiro Suzuki1, Yasuo Hisa1

1Kyoto Prefectural University of Medicine, Kyoto,
Japan
2Kyoto Prefectural Yosanoumi Hospital, Yosa, Japan

Objective: Electronystagmography (ENG) is the most
readily available system for recording eye movements
and it is widely used to evaluate eye movements of pa-
tients with vertigo as a routine clinical test. Since the
development of ENG, eye movements were recorded
on polygraph recorders with a long strip of graph paper.
Development of computerized eye movement analysis
procedure commenced in the late 1960s. During the

1980s, computerized ENG recording became available
for clinical use. Digital ENGs have several evident
advantages over paper-based ENGs. They are easy to
store, easy to retrieve, can be transmitted electronical-
ly, and do not deteriorate. However, it is difficult to
compare the recent recordings with computerized EN-
Gs with previous paper-based ones. No report showed
a method to digitalize and utilize valuable paper data
of one’s forefathers. The aim of this study is preserva-
tion, rescue and re-analysis of paper-based ENG using
ImageJ.
Methods: A color scanner is used to scan ECG paper
records and those images of ENG signals are fed in-
to a personal computer. Then, we used ImageJ (NIH,
open-source image-processing software written in Ja-
va) for the following process. First, the image con-
taining eye movements was opened and a 8-bit binary
image was created. Secondly, thresholding tool was
applied. A suitable threshold selection can remove the
background, e.g. gridlines of ENG papers. If thresh-
olding of ImageJ did not well remove the background,
GIMP2 (free software raster graphic editor) was used
for thresholding. After thinning or sharpening, we
finally used “Analyze>Tools>Analyze Line Graph”
which providing the XY co-ordinates and the extracted
image. To evaluate how accurately paper-based ENG
was digitalized, we differentiated the extracted data of
eye position and compared with differentiated waves
of ENG tracings. We used Matlab (Mathworks) for
differentiation and re-generation of the ENG signals.
Results: ENG tracings recorded at 5 mm/sec (saccade,
smooth pursuit eye movement and caloric nystagmus)
were largely well converted to digital forms. Differen-
tiated data largely corresponds with eye velocity data
in paper ENG. However, ENG tracing recorded at 1
mm/sec, e.g. optokinetic patten test, and differentiated
wave did not correspond with paper ones.
Conclusion: We could recover numeric coordinate da-
ta from scanned paper-based ENG using ImageJ. Our
method is very low cost by using open-source soft-
ware. Clinicians and researchers can easily compare
past paper-based ENG data with recent digital ones in
patients who have prolonged courses of vertigo and
abnormal eye movements.
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a: Paper saccade tracing; b: Digitalization

PB-41
The prevalence of vestibulo ocular reflex (vor) deficit
and postural sway in children with intellectual dis-
ability: preliminary results
Zur O1, Ronen A2, Melzer I2 and Carmeli E3

The Israeli Center for Dizziness and Balance disorders,
Raanana1, Physical Therapy Department, School of
community health, Rekanati, Ben Gurion University2,
Faculty of Medicine, Physical Therapy Department,
The Stanley Steyer School of Health Professions, Tel
Aviv University3

Background: It had been demonsatred that among
elderly people with intellectual disability (ID) there
is higher prevalence a deficit of the Vestibulo Ocular
Reflex (VOR) as compared to a normal population but
who 20 years older. As of today, the disturbances of
vestibular development on children with ID were not
published. In this study we examined whether deficit in
vestibular functioning occurs already at childhood, or
in fact, is a result of pre mature aging. The information
is important in order to consider early intervention and
rehabilitation.
Goals: 1) To investigate the prevalence of vestibular
deficit among children with ID. 2) To analyze the corre-
lation between vestibular deficit and the ability to main-
tain postural stability while standing with eyes open
and close.
Methods: Eighteen ID children, ages 8–22, live at
residential care centers for children with special needs
and were authorized to participate in the study by the
Helsinki ethics committee. Vestibular function was as-
sessed using two clinical tests: the Head Impulse Test
(HIT), and the Dynamic Visual Acuity (DVA). Equilib-
rium functions were assessed using two postural stabil-
ity procedures: open and closed eyes, while standing
on a force plate.
Results: Out of the 18 participants, one participant
was not tested in neither the vestibular nor the postural
control examinations and 4 participants were not tested
in the two vestibular tests due to communication and
understanding difficulties. Thus, out of the 14 remained

participants, deficit of VOR was found in 8 participants
(57%). At the postural control tests, there was a lack of
understanding and cooperation with most participants
and therefore, the tests were not addressed.
Conclusions: There is a high prevalence of VOR
deficits among children with ID. In order to examine
static balance for 30 seconds, force plate may not be an
effective tool for this population and other examination
tools should be considered.

PB-42
Subjective visual vertical in vestibular neuritis and
unilateral sudden deafness
Yasuo Ogawa, Koji Otsuka, Taro Inagaki, Takahito
Kondo, Shigetaka Shimizu, Mamoru Suzuki
Tokyo Medical University, Tokyo, Japan

Introduction and Purpose: The measurement of sub-
jective visual vertical (SVV) is used to assess the de-
gree of dysfunction in the otolith, primary vestibular
nerves, and central graviceptive pathways. We mea-
sured the SVV in patients with vestibular neuritis (VN)
and unilateral sudden deafness (uSD). The purpose of
this study is to demonstrate the characteristics of the
SVV in patients of VN and uSD, and to determine the
relation between the SVV and other neuro-otological
examinations, including vestibular evoked myogenic
potentials (VEMP) and caloric test.
Subject and Methods: The SVV was measured by
means of a small rotatable luminous line in the upright
body position in a completely darkened room at the
acute phase of their disease. The SVV was measured
in 36 VN patients (20 men and 16 women, aged from
25 to 76 years) and 80 uSD patients (43 men and 37
women aged from 21 to 83). We defined the normal
range of SVV as −2◦ to +2◦. VEMP was tested for all
VN patients and 60 uSD patients.
Results: The SVV was tilted more than 2◦ in VN
69.4% of VN and in 26.3% of uSD patients. Among
the abnormal SVV, the SVV tilt was directed toward
the affected ear in 96.0% of VN patients and in 47.6%
of uSD patients. Among VN, VEMP was normal in 21,
and was abnormal in 15 patients. There was no signif-
icant relation in the results of SVV and VEMP in VN.
In uSD patients, 18 patients showed abnormal VEMP
and 50 showed normal SVV. There was a significant
relationship between the percentages of abnormal SVV
and the result of VEMP.
Conclusion: The percentage of abnormal SVV was
higher in VN than in uSD, and there was a significant
relationship between the abnormal SVV and abnormal
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VEMP in uSD. Our results suggest that the shift of
the SVV was strongly affected with superior vestibular
nerve lesion, but also with inferior vestibular lesion.

PB-43
The n10 of the ocular vestibular evoked myogenic
potential to 500Hz Fz bone conducted vibration is a
valuable new indicator of semicircular canal dehis-
cence.
Leonardo Manzari1, Ann Burgess2, Ian S. Curthoys2

1MSA Ent Academy Center Cassino, Cassino, Italy
2Vestibular Research Laboratory, School of Psycholo-
gy, The University of Sydney, Sydney, Australia

Objective: Semicircular canal dehiscences (SCD)
is a clinical entity characterized by vestibular and
cochlear symptoms induced by enhanced sensitivity of
labyrinthine receptors due to a bone defect of the otic
capsule usually located on the semicircular canal bony
roof. Diagnosis of SCD may be suspected with some
combination of:

– history of sound and / or pressure – induced vertigo
or symptoms of mixed hearing loss (peculiar low
frequencies conductive hearing loss)

– bed side examination that reveal eye movements
evoked by stimuli such as pressure of the external ear
(Hennebert sign) and Valsalva maneuver aligned in
the plane of the affected semicircular canal

Confirmation by clinical studies:

(i) Audiometry with Air Bone Gap
(ii) Cervical VEMPs: Increased amplitude p13 n23

complex and low threshold to Air Conducted
Sound (ACS)

(iii) Ocular VEMPs: Increased n10 amplitude for Air
Conducted Sound and Bone Conducted Vibration

(iv) And at the end positive CT scan confirming sus-
picion

But while ACS cVEMPs have taken an important
role in diagnosing SCD, they do not always distin-
guish between dehiscent and non-dehiscent vestibular
labyrinth, or above all between symptomatic and non-
symptomatic dehiscences. They may be not be typical
as was described above for several reason. The objec-
tive of the presented case report is to demonstrate the
need for the clinician to be highly suspicious of the as-
sociations between auditory and vestibular symptoms
and to perform both air conducted sound (ACS) and
bone conducted vibration (BCV) Fz Cervical VEMPs
and Ocular VEMPs.

Methods: A 63 years old woman was referred to
our tertiary referral neurotological center (MSA ENT
Academy Center – Cassino, Italy) with vestibular (re-
current Tullio Phenomenon or sound induced vertigo)
and cochlear symptoms (persistent aural fullness) plus
mixed hearing loss associated with disabling pulsatile
tinnitus, hyperacusis and oscillopsia. Suspecting on the
basis of symptoms and history a superior semicircular
canal syndrome (SCDS), the patient was then submit-
ted to ACS and BCV Fz ocular and cervical VEMPs
carried out with a very short tone burst of 500 Hz lasting
7 milliseconds (5 millisecond plateau) with a repetition
rate of 4 Hz for 50 times.
Results: Surprisingly, contrary to expectations, only
the n10 potential of the ocular VEMPs to ACS and
BCV Fz showed enhanced responses indicating utric-
ular function in terms of amplitude and low threshold.
The p13 potential of the cVEMP indicating saccular
function to ACS and similarly to BCV was evocable
with normal threshold and normal amplitude.
Conclusion: The case shows the need to add air con-
ducted sound and bone conducted vibration ocular
VEMPs to the test battery useful to improve diagnostic
protocol for SCDS.

Reference
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bration and galvanic stimuli, Clin Neurophysiol 121 (2010),
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Ocular vestibular evoked myogenic potentials to air-
conducted sound and bone-conducted vibration in
superior vestibular neuritis
Shinichi Iwasaki1, Ian S Curthoys2, Yasuhiro Chihara1,
Munetaka Ushio1, Leigh McGarvie3, Ann M Burgess2,
Tatsuya Yamasoba1

1University of Tokyo, Faculty of Medicine, Tokoyo,
Japan
2Vestibular Research Laboratory, School of Psycholo-
gy, University of Sydney, Sydney, Australia
3Institute of Clinical Neurosciences, Royal Prince Al-
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Background: Recently, vestibular evoked myogenic
potentials in response to air-conducted sound (ACS)
and bone-conducted vibration (BCV) have been record-
ed from extraocular muscles (oVEMPs) as well as from
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cervical muscles (cVEMPs). The oVEMPs are con-
sidered to represent vestibular function mediated by
crossed vestibulo-ocular pathways, because they are
present in patients without hearing, but absent on the
contralateral side in those with unilateral vestibular
loss [2].
The oVEMPs in response to BCV have been suggested
to reflect the function of the otolith organs, especial-
ly the utricle. Physiological studies using guinea pigs
showed that moderate BCV selectively activates irregu-
lar otolithic primary vestibular neurons including some
that originate in the utricular maculae [1]. Clinical-
ly, oVEMPs to BCV are reduced or absent in patients
with unilateral superior vestibular neuritis, affecting the
nerves from the horizontal and anterior canals and the
utricular macula, but sparing the saccule and inferior
vestibular function [3].
On the other hand, the origin of the oVEMPs to ACS
is still unclear, while several studies suggested that
oVEMPs to ACS are saccular in origin.
Objective: To compare the oVEMPs to ACS and BCV
in patients with superior vestibular neuritis, to deter-
mine the role of the saccule in generating oVEMPs.
Methods: The n10 component of the oVEMP to BCV
and ACS was measured in 12 patients (age 23–70 years)
with unilateral superior vestibular neuritis.
For measuring oVEMPs, the active EMG electrodes
were placed just below the eyelid and the reference
electrodes were placed 3 cm below the active electrode.
The ACS stimuli were 500 Hz tone bust (95 dBnHL,
4 ms in duration) delivered monaurally by a calibrated
headphone. BCV stimuli were 6ms 500 Hz tone bursts
delivered by a stimulator (Bruel and Kjaer minishak-
er 4810) to the midline forehead of the patient at the
hairline (Fz).
Asymmetry ratio (AR) for n10 amplitude of the
oVEMP was calculated using a following formula:
Asymmetry Ratio (AR) = ((larger n10 – smaller n10)
/ (larger n10 + smaller n10))* 100
Results: All patients had normal cVEMPs on both
sides. The average AR for cVEMPs to ACS was 9.1
± 1.1% (SE here and below). In most patients with
superior vestibular neuritis, the contralateral oVEMPs
in response to ACS of the affected ear were reduced
or absent. The average AR for oVEMPs to BCV was
65.2 ± 8.9%, and that for oVEMPs to ACS was 61.4
± 11.5%. There was no significant difference between
the mean value of the oVEMPs to BCV and ACS.
There was a very close relationship between the size of
AR for oVEMPs to ACS and that for oVEMPs to BCV
(r = 0.87, p < 0.001).

Conclusion: The n10 component of the oVEMP to
ACS is probably mediated predominantly by the con-
tralteral superior vestibular nerve and so most likely by
the utricular receptors and afferents.
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About correlation between centre of pressure,
trunk, and head sways during quiet upright stance
Angelo Buizza, Paola Ferraris, Roberto Gandolfi, Re-
mo Lombardi, Eleonora Pilato
University of Pavia, Pavia, Italy

In order to better understand the mechanisms of or-
thostatic balance, centre of pressure (CoP), trunk, and
head sways were simultaneously measured during qui-
et upright stance, and compared to each other, looking
for possible correlation.
Methods: A total of 16 healthy young adults served as
subjects. They were asked to keep orthostatic position
for 120 s, once with open and once with closed eyes.
COP sway was measured by force platform, trunk os-
cillation by inclinometers placed at the sternum level,
trunk and head angular velocities by miniature gyro-
scopes, placed at the sternum and the skull vertex, re-
spectively. Cross-correlation functions were used to
compare sways measured at different levels to each
other. In particular, antero-posterior (AP) and medio-
lateral (ML) components of CoP sway were correlat-
ed to the homologous components of trunk oscillation,
and AP and ML trunk oscillation velocities to the ho-
mologous head oscillation velocities.
Results: Clear and consistent positive correlation was
found between trunk and head sways. In 83% of
cases, cross-correlation functions presented one sharp
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peak near the origin, and much lower values else-
where. Mean correlation delays in the different condi-
tions (open or closed eyes) and directions (AP and ML)
ranged 17 to 47 ms, and weren’t significantly different
from 0 at p = 0.05 (t-test). Cross-correlation functions
computed inside a 20 s sliding window showed that
sharp and steady correlation was kept all along the test
duration (120s).
CoP-trunk correlation was much less clear. Cross-
correlation peaks as sharp as those observed between
trunk and head velocities could never be observed.
However, in many instances the two sways did show
almost parallel time courses. This could either extend
to almost the whole test duration or be limited to more
or less shorter periods, and was much more frequent
in ML than in AP plane, where, in general, the two
sways appeared to be uncorrelated. However, in a few
instances, in the AP plane they semed to be phase op-
posed.
Discussion: Sharp cross-correlation peaks with almost
no delay show that trunk and head moved almost syn-
chronously, like one rigid body. This was consistent
with the fact that in either plane (AP or ML) and vision
condition (eyes open or closed) the sway velocity dis-
tributions of trunk and head were similar to each other,
and the corresponding average velocity ranges (5th to
95th percentile of sway velocity distribution) were not
significantly different from one another at p = 0.05
(t-test).
Poorer correlation between CoP and trunk sways is a
likely consequence of the presence of the hip joint, and
the inertia of the trunk-arms-head system, linked to this
joint. This makes the trunk over the hip intrinsically
less steady, and more moveable, than the head over
the neck. Interestingly enough, CoP-trunk correlation
was better in ML plane, meaning a stronger tendency
to move together in this plane, than in AP one, and
this may easily be explained by the different stiffness
of the hip joint in the two planes, due to the different
geometry.
Different degrees and modes of correlation between
CoP and trunk sway, from almost parallel patterns
throughout the whole test to seemingly phase opposed
patterns, suggest the use of different balance strategies,
that further investigation might possibly elucidate. It
is also possible that the two sways convey different,
maybe complementary, information about balance con-
trol, and it could possibly make sense to consider al-
so trunk movements in the diagnostic approach to bal-
ance control. This conclusion is consistent with pre-
vious suggestions by different authors (e.g.: Kamen et

al. 1998; Allum et al. 2001; Mayagoitia et al. 2002;
Moe-Nilssen and Helbostad 2002).
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3D analysis of benign positional nystagmus due to
cupulolithiais in posterior semicircular canal
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1Osaka University Graduate School of Medicine, Osa-
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ty Graduate School of Medicine, Tokushima, Japan

Objective: Recently, it is recognized that the patho-
physiology of benign paroxysmal positional vertigo
(BPPV) is cupulolithiasis or canalolithiasis in either
posterior semicircular canal (PSCC) or horizontal semi-
circular canal (HSCC). Patients with cupulolithiasis in
HSCC show apogeotropic positional nystagmus, while
those with canalolithiasis in HSCC show geotropic po-
sitional nystagmus. Thus, the differential diagnosis
of cupulolithiasis from canalolithiasis can be made by
the direction of the positional nystagmus in patients
with the HSCC type of BPPV (H-BPPV). On the oth-
er hand, in patients with the PSCC type of BPPV (P-
BPPV), cupulolithiasis in PSCC induced the vertical-
torsional positional nystagmus, of which direction is
the same as that induced by canalolithiasis. In the
present study, an attempt was made to diagnose cupu-
lolithiasis in patients with the posterior semicircular
canal (PSCC) type of benign paroxysmal positional ver-
tigo (P-BPPV). Methods and Results: We first, three-
dimensionally analyzed the vertical-torsional position-
al nystagmus in 111 patients with P-BPPV and evalu-
ated its time constant. This parameter showed a wide
variation that could be divided into two groups: one
lasting more than 40 sec in 8 patients and another below
20 sec in 103 patients. Since the time constant of the
positional nystagmus induced by cupulolithiasis was
much longer than that induced by canalolithiasis, this
finding suggests that cupulolithiasis in the PSCC in-
duced the vertical-torsional positional nystagmus with
a long time constant in the group of 8 patients. We
also found that the vertical-torsional positional nystag-
mus disappeared in these patients at the neutral head
position, where the axis of the cupula of affected PSCC
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aligned with gravity. Conclusions: In the present study,
we diagnosed P-BPPV in 111 patients and found in 8
of them a vertical-torsional positional nystagmus with
a long time constant (> 40 sec). This nystagmus disap-
peared at the neutral head position. They also showed
a direction-changing vertical-torsional positional nys-
tagmus in left and right head positions in supine, which
was suppressed by the neutral head position. Finally,
the axis angles of their positional nystagmus were in
line with ipsilateral PSCC and contralateral ASCC. All
these findings suggest that the development of a cupu-
lolithiasis in the PSCC may be the underlying cause of
BPPV in a small portion of patients with this condition.
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Localization and prevalence of hydrops formation
in Meniere’s disease using a test battery
Chi-Hsuan Huang1, Shou-Jen Wang2, Yi-Ho Young2
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Objective: This study investigated the localization and
prevalence of hydrops formation in patients with uni-
lateral Meniere’s disease.
Method: Twenty patients with unilateral Meniere’s
disease underwent a battery of tests including audiome-
try, and caloric, ocular vestibular evoked myogenic po-
tential (oVEMP) and cervical VEMP (cVEMP) tests.
The latter two tests used air-conducted sound (ACS)
and bone-conducted vibration (BCV) as stimuli.
Results: Thirteen patients (65%) had abnormal hearing
with a four-tone average > 26 dBHL. In the caloric test,
4 patients (20%) had abnormal responses, including
canal paresis in three and caloric areflexia in one. The
percentages of patients with abnormal ACS-oVEMP,
BCV-oVEMP, ACS-cVEMP and BCV-cVEMP tests
were 65%, 25%, 45%, and 25% in affected ears, and
40%, 0%, 15%, and 0% in unaffected ears, respectively.
Although ACS- and BCV-oVEMP results significantly
differed, ACS- and BCV-cVEMP results did not, re-
gardless of the affected or unaffected ears. Thus, the ab-
normal rates for hearing, ACS-cVEMP, BCV-oVEMP,
and caloric tests in affected ears were 65%, 45%, 25%,

and 20%, respectively. This decreasing order of ab-
normal percentages in function of the cochlea, saccule,
utricle and semicircular canals mimics the declining se-
quence of hydrops formation in temporal bone studies.
Conclusion: An inner ear test battery comprising au-
diometry, and caloric, oVEMP and cVEMP tests may
provide further insight into the localization and preva-
lence of hydrops formation in Meniere’s disease.

PB-48
Ocular vestibular evoked myogentic potentials in re-
sponse to vertex bone
Berit Holmeslet1, Magnus Westin2, Krister Brantberg1

1St.Olav Hospital, Trondheim, Norge
2Department of Audiology, Karolinska Hospital,
Stockholdm, Sweden

Objective: To explore whether testing ocular vestibu-
lar evoked myogenic potentials (oVEMPs) in response
to vertex bone vibration is capable of identifying uni-
lateral peripheral vestibular lesions.
There is an ongoing discussion as to whether test-
ing oVEMPs in response to skull vibration might re-
flect “crossed” utriculo-ocular reflexes. Animal experi-
ence has shown that irregular otolithic primary neurons
are selectively activated by bone-conductedstimulation
and many of these neurons originate from the utricular
macula. Recent studies in humans also support a utricu-
lar origin for the oVEMPs to skull vibration. However,
data are still lacking on both optimal stimulus site and
on optimal stimulus configuration for testing oVEMPs
in response to bone-conducted stimulation.
Theoretically, a vertex stimulus site has advantages
over forehead and lateral stimulus sites: it is easy to ap-
ply repeatable static pressure to the skull with the “Min-
ishaker” bone conductor on a sitting test subject with
the head/utricle in a “neutral” position, i.e. the 1.1 kg
“Minishaker” is simply supported side-ways without
adding further static pressure to the skull.
Methods: oVEMPs in response to bone-conducted vi-
bration applied at the vertex were tested in healthy
controls (n = 18) and in patients with unilateral loss
of vestibular function (n = 10). The hand-supported
“Minishaker” was used. Stimulus frequencies tested
were 125 Hz, 250 Hz and 500 Hz. Stimulus intensities
tested were 130, 135 and 140 dB force level.
Results: oVEMP amplitude was dependent on stimu-
lus frequencies. It was weak in response to 500 Hz,
but present in response to 125 and 250 Hz stimulation
for all three stimulus intensities. The 125 Hz stimulus
caused larger oVEMPs compared with the 250 Hz stim-
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ulus. In patients, although stimulating with 125 Hz and
using the highest stimulus intensity (140 dB), “crossed”
oVEMP was absent from the lesioned side, but normal
from the healthy side.
Conclusions: The present data suggest vertex bone
vibration to generate oVEMPs in normals. Testing
oVEMPs to vertex bone vibration can also distin-
guish peripheral vestibular lesions. Hence, although
vertex might not be the site that generates the most
prominent oVEMPs to bone-conducted stimulation, it
should still be considered a potential site for evaluating
labyrinthine/utricular function.

PB-49
Impaired sacculocollic reflex in anterior inferior
cerebellar artery infarction
Seonhye Kim1, Ji Soo Kim2

1Pusan National University Yangsan Hospital,
Yangsan-Si, Gyeongsangnam-Do, Korea (Rep)
2Seoul National University Bundang Hospital, Seoul,
Korea (Rep)

Background: Cervical vestibular-evoked myogenic
potential (cVEMP) refers to inhibitory potentials
recorded in the contracting muscles, usually in the ster-
nocleidomastoids (SCM), when loud click or short tone
burst sound was applied. cVEMP seems to be generated
via a rapidly conducting disynaptic pathway, originat-
ing in the saccule and proceeding along the vestibular
afferent fibers to the vestibular nuclei, and then through
rapidly conducting projections that synapse with SCM
nuclei. The AICA is important for vascular supply to
the peripheral and central vestibular structures. It usu-
ally supplies the inner ear, lateral pons, middle cerebel-
lar peduncle (MCP), and anterior inferior cerebellum
including the flocculus. As a result, AICA infarction
usually damages both the peripheral labyrinth and cen-
tral vestibular apparatus. To determine saccular dys-
function by measuring cervical vestibular-evoked myo-
genic potentials (cVEMP) in infarction involving the
territory of anterior inferior cerebellar artery (AICA).
Methods: We recorded cVEMP in 12 patients with
AICA infarction documented on MRI. Patients also un-
derwent other audiovestibular function tests. The pa-
tients included seven men and the ages ranged from
46 to 76 years (mean ± SD = 65.4 ± 9, median =
70). cVEMP was induced by a short tone burst and
was recorded in contracting sternocleidomastoid mus-
cle while patients turned their heads forcefully to the
contralateral side against resistance. A short alternat-
ing tone bursts (110 dB nHL; 500 Hz; ramp = 2 ms;

plateau = 3 ms) were given at 2.1 Hz monaurally using
a headphone. The analysis time for each stimulus was
50 ms and responses for up to 200 stimuli were aver-
aged for each test. The signal was filtered at a band-
pass of 30–1500 Hz, and the mean values of at least
two trials were obtained from each ear. The absolute
cVEMP amplitude was then normalized against mean
tonic activation of SCM during the recording. Patients
also underwent video-oculographic recording of spon-
taneous, gaze-evoked and head-shaking (HSN), ocular
lateropulsion, ocular tilt reaction (OTR), measurement
of the subjective visual vertical (SVV) tilt, audiometry,
and bithermal caloric tests. Normative data of cVEMP
were obtained from 47 healthy volunteers.
Results: Eight patients (67%) showed abnormal
cVEMP, unilateral in six and bilateral in two. The
cVEMP abnormalities included absent responses in
three, decreased p13–n23 amplitude in five, and de-
layed p13/n23 responses in three. cVEMP was abnor-
mal mostly in the side of MRI lesions. However, one
patient showed decreased amplitude in the contrale-
sional side and two with unilateral lesion exhibited bi-
lateral cVEMP abnormalities. In contrast, one patient
with bilateral lesions involving the middle cerebellar
peduncles had unilateral cVEMP abnormality. The side
of abnormal cVEMP was correlated with the side of
canal paresis and hearing loss. However, the propor-
tion of canal paresis, hearing loss, ocular tilt reaction
and abnormal SVV tilt, and distribution of the MRI
lesions did not differ between the abnormal and normal
cVEMP groups.
Conclusion: Our patients with AICA infarction
showed various combinations of audiovestibular loss.
The associations and dissociations of the audiovestibu-
lar dysfunction suggest differential involvements of the
vestibulocochlear structures in AICA infarction.
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Emergency department referrals for acute vestibu-
lar neuritis are more commonly due to BPPV
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2Imperial College, London, United Kingdom

Objectives: To compare the clinical diagnosis of emer-
gency department doctors of vestibular neuritis with a
neuro-otologist diagnosis
Methods: Patients with acute vestibular neuritis were
recruited from the emergency department of an aca-
demic tertiary London hospital. Emergency de-
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partment junior doctors were taught vestibular clin-
ical assessment, including head-impulse testing and
Hallpike’s, at regular intervals to co-incide with new
staff rotated to the department. Cases were referred to
the academic neuro-otology team thought to be prob-
able vestibular neuritis. The actual diagnosis reached
by a neuro-otologist was recorded.
Results: Over a twelve month period, from a sin-
gle emergency department, 90 referrals were made for
‘acute vestibular neuritis’. The neuro-otologist diag-
noses were: vestibular neuritis n = 14, posterior canal
BPPV 29, horizontal canal BPPV 2, history of resolved
acute vestibulopathy but no diagnosis reached (normal
assessment including caloric irrigation) 14, vestibular
migraine 12, stroke 4, pre-syncope 4, anxiety 11, Me-
niere’s 0.
Conclusions: BPPV was found to be the diagnosis
twice as commonly as vestibular neuritis, when the lat-
ter was the initial diagnosis. This was despite attempts
to train junior medical staff to correctly differentiate
between the two. Further training of front line Emer-
gency doctors is desirable to identify and terminate
bouts of BPPV, reducing community morbidity. Pre-
sentations with other acute vestibular conditions such
as Meniere’s disease were better identified (probably
because of the associated auditory symptoms) and not
referred as ‘vestibular neuritis’. Vestibular research
groups must use extreme caution in retrospectively us-
ing clinical diagnoses made by doctors who do not have
adequate vestibular training.
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Dissociation between cVEMP and oVEMP projec-
tions activated by sound in vestibular neuritis.
Sendhil Govender, Sally M Rosengren, James G Cole-
batch
Prince of Wales Clinical School and Medical Research
Institute, Sydney, Australia

Introduction and Objectives: Stimulation of the
vestibular apparatus by air-conducted (AC) sound or
bone-conducted (BC) vibration evokes short latency
electromyographic potentials which assess the integri-
ty of vestibulo-collic (cVEMP) and vestibulo-ocular
(oVEMP) reflex pathways. In humans, afferent speci-
ficity for both modes of stimulation remains contro-
versial. Emerging clinical evidence using 500Hz BC
vibration has been suggested to imply that cVEMPs
reflect predominately saccular function and oVEMPs
predominately utricular function regardless of stimu-
lus modality [3]. However, tuning experiments suggest

that similar profiles of vestibular afferents project to
both reflex pathways [6], and cVEMPs evoked by BC
stimuli such as taps and lateral pulses have been sug-
gested to excite utricular projections to the neck mus-
cles [1,5]. Thus, the purpose of this study was to in-
vestigate the possible selectivity of different stimuli for
utricular or saccular afferents by testing patients with
vestibular neuritis (VN), a condition which commonly
results in selective impairment of superior vestibular
nerve function.
Methods: cVEMPs and oVEMPs were measured to
AC (500 Hz short tone bursts) and BC (forehead tap and
lateral pulse) stimuli in 23 patients diagnosed with VN
(58 ± 13 years). We compared their responses to 40
normal controls (60 ± 12 yrs) to determine rates of ab-
normality. For cVEMPs, we recorded responses from
the ipsilateral sternocleidomastoid muscle. oVEMPs
were recorded from beneath the contralateral eye dur-
ing upwards gaze. Responses were recorded bilaterally
following forehead taps.
Results: AC cVEMPs were generally preserved and
showed significantly fewer abnormalities when com-
pared to AC oVEMPs (cVEMP: 22% vs oVEMP: 68%;
P < 0.001). When stimulus intensity was matched at
the same level above AC cVEMP threshold for both
ears, oVEMPs were often absent from the affected
ear. AC cVEMPs were also associated with fewer ab-
normalities than lateral pulses for both cVEMPs and
oVEMPs (P < 0.001), which were similar to each oth-
er (74% vs 70%; P = 0.862). Forehead taps showed no
significant difference in rates of abnormalities between
reflexes (33% vs 13%; P = 0.195), and produced sig-
nificantly fewer abnormalities than lateral pulses (P <

0.03).
Conclusion: Our results are consistent with AC
cVEMPs often being preserved in VN, and that they
reflect saccular (inferior nerve) activation. BC stimuli
results suggest that reflexes evoked by lateral pulses
are mediated by the superior nerve (possibly utricular
fibres), as they were often abnormal. As such, these re-
sults identify a similar contribution of utricular input to
both cVEMPs and oVEMPs. Forehead taps were not as
successful as lateral pulse stimulation, possibly due to
the variability of taps in normal subjects. Our findings
also suggest a dependence of AC oVEMPs upon the
integrity of the superior vestibular nerve, which may
be due to saccular afferents in the superior vestibular
nerve [4] or a dependence of the response on utricular
function, possibly via afferent convergence [2].
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Analysis of vestibular function in patients with oto-
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Objectives: Some patients with otosclerosis might suf-
fer from not only hearing impairment but also equi-
librium disorder, but its pathogenesis otosclerosis re-
mains unknown. This study retrospectively analyzed
the vestibular function in patients with otosclerosis.
Methods: Between June 2009 and April 2010, we per-
formed stapes surgery on 8 patients with otosclerosis
at Hyogo College of Medicine. All patients were fe-
male, with a mean age of 49 years old (36–66 years).
Diagnosis of otosclerosis was based on surgical find-
ings as well as preoperative audiograms and radiolog-
ical findings. To evaluate the vestibular function of
the patients, the duration of hearing impairment, pres-
ence of neuro-otological symptoms (dizziness or verti-
go), audiograms, vestibular evoked myogenic potential
(VEMP) using bone-conducted tone burst stimulation
(Miyamoto et al. Otol Neurotol, 2006), and caloric
tests, were investigated preoperatively. The patients
were divided into two groups: with (group A) and
without (group B) dizziness or vertigo, and compared
statistically.
Results: Four patients presented with dizziness or ver-
tigo (group A), whereas the other four patients did not
(group B). In group A, dizziness was observed in three
patients and vertigo was in one patient. The mean dura-
tion of otosclerosis of 15 years in group A (n = 4) was
significantly longer than in group B, 8 years (n = 4)
(p < 0.05). Regarding the mean preoperative hearing
level, air conduction in group A (70 dB, n = 4) and
group B (60dB, n = 4) did not show a significant dif-
ference. Consequently, there was no significant differ-
ence in the mean air-bone gap between group A (27dB,

n = 4) and group B (32dB, n = 4). For vestibular
function, only one patient in group A (25%) and two
patients in group B (50%) showed canal paresis (CP)
by the caloric test. In the VEMP test, three patients
with dizziness in group A (75%) did not show a small
amplitude, these was one patient in group B (25%).
Conclusion: Patients with a longer duration of otoscle-
rosis might easily suffer from an equilibrium disorder.
Impairments of the hearing level and semicircle canals
(CP) might not etiologically correlate with equilibrium
disorder. It was suggested that patients with otoscle-
rosis, especially presenting with dizziness, might have
saccule dysfunction. Further studies on equilibrium
disorders are required to elucidate the pathogenesis.
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Accurate VOR gain measurement in the video head
impulse test
Andrew Bradshaw1, Hamish MacDougall2, Konrad
Weber3, Ian Curthoys2
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gy, the University of Sydney, Sydney, Australia
3Department of Neurology, Zurich University Hospi-
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Background: Recent advances in small, light-weight,
high-resolution, high-speed video cameras have al-
lowed the development of head mounted systems that
record eye movement responses during the head im-
pulse test (the video head impulse (vHIT) test; Mac-
dougall et al. [1]). However many challenges remain
with: noise levels, and lower spatial and temporal res-
olution when compared with existing search coil sys-
tems. Another significant problem is the “bump arti-
fact”, that is the relative movement between the camera
and the head during the initial thrust of the head im-
pulse delivered by the clinician. The use of this system
on many subjects and the direct comparison of video
data with coils data has highlighted the problems in the
standard measure; calculation of VOR gain as simple
eye velocity/head velocity.
Objective: We sought to use regularization tech-
niques to accurately separate the vestibular ocular re-
flex (VOR) component from the net eye signal and
thereupon provide more accurate measures of VOR
gain. Our strategy was to use simultaneous search coil
recordings as a “ground truth” comparison to aid in
system design and permit direct evaluation.
Methods: Subjects wore tight fitting goggles which
contain the video camera and inertial sensors which
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measure linear acceleration and angular velocity in
three dimensions. Video frames and inertial measure-
ments were acquired at 250 Hz. Subjects simultane-
ously wore a search coil in the same eye measured by
video. The data were obtained during repeated hori-
zontal head impulse test trials for 10 patients and 10
normals. We developed a procedure which simulta-
neously performs signal restoration and separation of
the constituent components that form the overall eye
response, that is, the slow phase eye movement (the
VOR), the saccadic eye movements, noise and “bump
artifact”. The regularization was constructed in the
form of a cost function minimization problem, which
exploits the differing spatial and frequency character-
istics of the individual components. The system also
allowed testing of different ways of measuring VOR
gain: it implements three different measures of VOR
Gain 1) Gain in velocity at peak head acceleration, 2)
Area under the eye velocity curve or position at zero
crossing of head velocity and 3) Average low frequen-
cy amplitude response of the least transfer function be-
tween the head and VOR signals. The software used
for data acquisition, imaging and signal processing is
written in LabVIEW 9.0 (National Instruments).
Results: We applied the regularization to each data-set
and measured the VOR using four separate paradigms.
As expected the standard method of measuring gain at
peak head acceleration was most affected by the “bump
artifact”. The performance of the other indicators will
be described.
Conclusion: The application of regularization achieves
a significant improvement over traditional methods of
measuring VOR gain.
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Difference of vestibuloauditory findings in patients
with tumor of cerebellopontine angle: vestibular
schwannoma vs meningioma
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Background: Vestibular schwannoma is a most com-
mon tumor in the cerebellopontine angle (CPA). Ad-

ditionally, other types of tumors also arise at the CPA.
For instance, meningioma is second common tumor in
that area. The differential diagnosis is based on the
patten of imaging such as computed tomography and
magnetic resonance imaging (MRI). However, there is
little information about the difference of neurotological
examination between the vestibular schwannoma and
meningioma in the CPA, although each tumor was well
documented about the vestibuloauditory function.
Objectives: The aim of this study is to elucidate the
functional difference in the neurotological examination
in patients with vestibular schwannoma and menin-
gioma in CPA.
Methods: We collected the patients with vestibular
schwannoma and meningioma in CPA who visited our
department of otorhinolaryngology in Kyushu Univer-
sity Hospital. The electronystagmography, caloric test,
vestibular evoked myogenic potentials (VEMP) and
statokinesigraphy were tested to evaluate the vestibu-
lar function, and pure-tone audiometry (PTA), distor-
tion product otoacoustic emission (DPOAE), speech
discrimination score, and auditory brainstem response
were performed to evaluate the auditory function. In
addition, taste was tested using electric stimulation as
a function of facial nerve. We measured the location
and size of tumor with MRI. Finally we compared the
functional difference between vestibular schwannoma
and meningioma.
Results: The caloric response revealed that maximum
slow phase velocity of patients with vestibular schwan-
noma tended to be less than that with meningioma.
VEMP and statokinesigraphy did not show the statisti-
cal difference. The hearing threshold in PTA and the
amplitude of DPOAE were different between two tu-
mors. Other examinations did not show the statistically
significant difference.
Conclusions: The patients with vestibular schwanno-
ma showed worse function in the vestibuloauditory tests
than those of meningioma. These results suggest that
functional difference may exist among several types of
tumors in the CPA.
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The clinical utility of Romberg’s test
David Szmulewicz1, John Waterston2, Elsdon Storey2

1Melbourne, Australia
2Department of Neuroscience (Medicine), Monash
University, Alfred Hospital Campus, Melbourne, Aus-
tralia

‘Romberg’s test, whose name is perhaps taken in vain
more often than any other in medicine’. ”’C. H. Ed-
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wards (‘Neurology of Ear, Nose, and Throat Disease’
1973).
Marshall Hall, Moritz Romberg, and Bernardus Brach
first described this sign in the early 19th century. But,
other 19th-century clinicians were pivotal to its in-
terpretation, and these included William Osler, Jean-
Martin Charcot and William Gowers.
Early in its history, the sign was linked to the specif-
ic diagnosis of tabes dorsalis or progressive locomotor
ataxia, later known to be caused by syphilis. The cur-
rent understanding allows for a much broader range of
underlying pathologies, including vestibular, cerebellar
and proprioceptive dysfunction.
A central issue in interpreting the Romberg’s test is
whether its application is that of a binary clinical sign
(i.e. it is either present or absent), or whether it finds
utility as a form of posturography, whereby the result
is interpreted in the context of a continuum (wherein
normal values are set according to age).
In 2009 we surveyed 48 neurologists at the Australian
and New Zealand Association of Neurologist’s Annual
Scientific Meeting and the members of a division of
General Practice in Melbourne, Australia, regarding
their understanding, method and interpretation of the
Romberg’s test. There was little consistency in the
responses to the eight item written survey, both within
and between, the two groups surveyed. We proffer
some tentative recommendations on nomenclature.
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Ocular vestibular-evoked myogenic potentials to
bone conducted vibrations in superior vestibular
neuritis show utricular function
A. M. Burgess1, Leonardo Manzari2, I. S. Curthoys1

1University of Sydney, Sydney, Australia
2Department of Experimental Pathology, “La Sapien-
za” University, Rome, Italy

Objective: The n10 component (n10), a negative com-
ponent at around 10 ms latency, of the ocular vestibular-
evoked myogenic potential (oVEMP) in response to
bone-conducted vibration (BCV) delivered to the mid-
line of the forehead at the hairline (a location called
Fz), is a crossed vestibulo-ocular response which is
probably caused by the vibration selectively activating
vestibular otolithic receptors. We wished to determine
whether n10 is due primarily to activation of the utric-
ular macula. If the n10 is due primarily to utricular
activation then diseases which affect only the superior
division of the vestibular nerve (i.e. superior vestibular
neuritis, SVN) in which all utricular afferents course,

should reduce or eliminate n10 beneath the contrale-
sional eye, whilst the n10 beneath the ipsilesional eye
and the sacculo-collic cVEMP on the ipsilesional side
should be preserved.
Patients and Methods: The oVEMP was recorded
by surface electrodes beneath both eyes, as the patient
looked up, in response to brief repeated bursts of 500 Hz
BCV at Fz (50 bursts of 7ms at a repetition rate of
3/s). The n10 component of the oVEMP was measured
in 133 patients with unilateral SVN but with inferior
vestibular nerve function preserved, as shown by ipsile-
sional cVEMPs. In addition 50 normal subjects were
tested.
Results: The n10 to Fz BCV of 133 SVN patients was
reduced or absent beneath the contralesional eye rel-
ative to the ipsilesional eye, so that there was an n10
asymmetry which was significantly greater than the n10
asymmetry in the 50 healthy subjects. The diagnostic
accuracy of the n10 asymmetry ratio (n10 AR) in de-
termining the affected side in patients was assessed in
relation to the “gold standard”- canal paresis (CP) score
using STARD procedures. In terms of predicting the
affected side, using a cut-off n10 asymmetry ratio of
46.5% the n10 AR has a sensitivity of 0.9, a specificity
of 0.8 and a diagnostic accuracy of 94%.
Conclusion: We conclude that the n10 component of
the oVEMP to BCV is probably mediated by the supe-
rior vestibular nerve and probably due to activation of
mainly utricular receptors. This simple new response
is almost as good as the caloric test in identifying the
affected side in patients.
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The discrimination between central and peripheral le-
sions in patients suffering from acute vertigo is not al-
ways clear-cut and requires a general good comprehen-
sion of neurological and neuro-otological examination
procedures. Here we present a case with acute vertigo
where the diagnostic procedures were complicated by
the presence of congenital nystagmus. The familiarity
with bed-side clinical tests, such as the head-thrust test
and tests of the subjective visual horizontal and vertical,
helped in this case to establish the diagnosis of vestibu-
lar neuritis. Without this knowledge the exclusion of
a central lesion would have been impossible to make
despite the ‘golden standards’ of caloric irrigation and
radiologic imaging techniques.
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High VOR gain and prolonged time constant in ro-
tation chair test can induce motion intolerance in
dizzy patients
Won-Ho Chung, Gil Joon Lee, Hosuk Chu, Hye-Youn
Youm, Il Joon Moon, Se-Hyung Kim
Samsung Medical Center, Seoul, South-Korea

Background and Objective: The vestibular function
tests are helpful to diagnose the dizzy patients. Among
them, bithermal caloric test is most commonly used
for localizing the permanent vestibular loss. Howev-
er, normal caloric response does not indicate that the
functional status of vestibular system is normal. Pro-
longed time constant in VOR can be caused by abnor-
mal velocity storage mechanism. We tried to evaluate
the clinical features of the patients who showed normal
caloric response, but high gain in low frequency and
prolonged time constant in rotation chair test.
Materials and Methods: A retrospective review of
clinical records was performed in 69 dizzy patients
who showed abnormal vestibular function test with nor-
mal caloric response. We defined normal caloric re-
sponse as canal paresis was below 30%. The vestibu-
lar function tests include bithermal caloric test, ro-
tary chair test (slow harmonic acceleration(SHA) test,
visual fixation(VFX) test, visual vestibulo-ocular re-
flex(VVOR) test), electronystagmography and postur-
ography. Among them, 7 patients showed high gain
in low frequency and prolonged time constant in step
velocity test with rotation chair. These patients were
evaluated for clinical features and possible diagnosis.
Results: Seven patients were complaining of symp-
toms, such as positional dizziness, motion intolerance,
disequilibrium and lightheadedness. There were 1 male
and 6 females with a mean age of 51.7 years (range:

25 to 75 years). The gain of VOR is 0.52 ± 0.14 at
0.01 Hz, 0.56± 0.06 at 0.02 Hz, 0.57± 0.05 at 0.04 Hz,
0.62 ± 0.03 at 0.08 Hz, 0.64 ± 0.03 at 0.16 Hz, 0.64
± 0.05 at 0.32 Hz, and 0.70±0.04 at 0.64Hz. Time
constant of VOR with step velocity (100 deg/sec) is
24.8 ± 2.34 sec (After CW rotation and after stopping
CCW rotation) and 27.8± 4.2 sec (After CCW rotation
and after stopping CW rotation). Slow phase veloci-
ty of caloric response in each stimulus was increased
(29.1 ± 7.3 deg/sec). Most patients (6 out of 7) had
headache. Most patients were diagnosed as migraine
associated dizziness (n = 5). Others are unknown
(Visual-vesibular mismatch).
Conclusion: High gain at low frequency VOR and ab-
normally prolonged time constant may imply vestibular
hyperexcitability induced by abnormal velocity stor-
age mechanism. Those patients with these findings
were complaining of positional dizziness and visually
evoked disequilibrium in addition to motion sickness.
Migraine associated dizziness usually have these symp-
toms and VFT findings. Maybe, these VOR change
are essential diagnostic criteria for migraine associated
dizziness.
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A vestibular evoked myogenic potential (VEMP)
metric that estimates the EMG inhibition depth pro-
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Objective: To develop a metric of the sensitivity of the
saccule to air-conducted sound stimuli using vestibular
evoked myogenic potential (VEMP) measurements.
Methods: (i) Experiment: VEMPs evoked by 500
Hz tone-burst stimuli were measured from 5 normal
human subjects. On each subject, 12 recordings of 500
stimulus presentations each were made at 5 stimulus
levels between 70 and 90 dB HL, and post-stimulus
EMG waveforms (traces) in response to all individual
tone-bursts were recorded. (ii) Model: Electromyo-
grams (EMGs) from the sternocleidomastoid muscle
were simulated using a computational model of skele-
tal muscle physiology. The muscle was modeled as a
collection of motor units, with independent motor unit
action potential (MUAP) sequences evoked by the cor-
tical motor drive. Sets of EMG waveforms were syn-
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thesized by convolving the simulated spike trains with
the surface response to single MUAPs. Model param-
eters such as numbers and sizes of the motor units, fir-
ing thresholds and rates were determined using existing
anatomical and physiological data, and by matching
statistics of the model outputs to experimental EMG.
Synthetic VEMP traces corresponding to different
amounts of vestibular-induced inhibition were created
by modulating the motor unit spiking in the EMG mod-
el, simulating the vestibulocollic reflex. The modula-
tion was described by a single parameter, the inhibition
depth (ID) or percentage decrease in spike rate, repre-
senting the sensitivity of the saccule to the stimulus.
The motor drive parameter was varied to follow the
experimentally measured changes in contraction effort.
(iii) Analysis: A metric of response amplitude (denot-
ed TC, and defined as the correlation of a trace with a
subject-specific template) was computed for ensembles
of traces synthesized using different values of ID. The
dependence of the statistics of TC on inhibition depth
and other model parameters was examined.
The results were used to define an estimator of ID. This
estimator was then applied to experimentally recorded
VEMP traces, and the variation of the ID estimate with
stimulus level was studied.
Results: The peak-to-peak amplitude of the experi-
mentally measured VEMP average waveform increased
with stimulus intensity. However, the amplitude varied
with contraction effort and the waveform shape varied
between normal subjects, and between sessions within
each subject.
Model VEMPs synthesized with inhibition depth of
12%, had mean TCs and TC variances equal to experi-
mental VEMPs evoked by the largest stimuli used.
The mean TC of synthetic VEMP varied linearly with
inhibition depth. The slope of this relationship, as well
as the variance of TC, varied with non-vestibular model
parameters such as motor drive and MUAP response
shape.
The mean-to-standard-deviation ratio of TC was pro-
portional to the ID parameter of the model, and there-
fore formed an estimator (VEMPID) of the inhibition
depth. The slope of VEMPID vs. ID was largely
independent of other model parameters.
For each of the five subjects studied, the VEMPID

computed from 200-trace ensembles of experimentally
recorded VEMP showed greater sensitivity to changes
in stimulus intensity than the peak-to-peak amplitude
of the VEMP average from the same ensembles.
Conclusions: The key idea of the study is that the
motor unit inhibition depth (ID) induced by a fixed

stimulus is a measure of the sensitivity of the saccule.
We therefore sought to estimate the ID from the VEMP
measurements.
The variability of the experimental and model VEMP
average waveforms suggest that the peak-to-peak am-
plitude of the average waveform is a poor estimator of
ID. However, the VEMPID appears to be an estimator
that is strongly dependent on ID, while having smaller
within-subject variability. In summary, we have iden-
tified a simple statistic that can be computed from a set
of VEMP measurements to yield a robust measure of
saccular sensitivity.
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The Vestibular Dysfunction Index (VDI): a method
to assess the degree of vestibular dysfunction in pa-
tients with vertigo
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Objectives: The purpose of the present study was to
establish a vestibular dysfunction index, capable of de-
termining the degree of vestibular dysfunction in pa-
tients complaining of vertigo, apart from the vestibu-
lar pathology and based on objective measuring tech-
niques.
Methods: A group of 132 adults (64 men and 68 wom-
en, aged 17.7 to 79.4 yrs, with a mean age of 49.4
yrs) participated. They were clinically divided into two
different categories: 90 subjects had no vertigo com-
plaints, and 42 subjects suffered from severe vertigo.
The objective test battery consisted of a single sinu-
soidal rotation at 0.05 Hz, a binaural bithermal water
caloric test, and the examination of spontaneous nys-
tagmus (SN), with the presence of a SN classified as
1 and the absence of a SN classified as 0. For the ro-
tatory test, gain, phase, and the absolute values of the
asymmetry parameter were calculated, whereas for the
caloric test, the sum of the slow component velocity
values of the four irrigations, as well as the absolute
values of the unilateral weakness (UW abs) and direc-
tional preponderance (DP abs) parameters were deter-
mined. The VDI was calculated using a binary back-
ward logistic regression model. From all input parame-
ters, only a specific combination of variables appeared
sufficient to discriminate between the subjects with no
vertigo and those with severe vertigo.
Results: The vestibular dysfunction index composed
of the following combination of response parameters:
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VDI = 0.074 DP abs + 0.2307 UW abs + 3.7 SN +
0.0729 gain −2.1347.
Conclusions: The vestibular dysfunction index or VDI
is a tool to estimate a subject’s degree of vestibular
dysfunction, with 0 presenting normal vestibular func-
tion, and 10 indicating severe vestibular dysfunction.
Because this is a continuous scale, higher values than
10 are possible, suggesting a higher defective vestibu-
lar function than the average of the group of subjects
with severe vertigo. Likewise, scores below 0 indicate
a better vestibular function than average. The VDI in-
dicates the degree of vesibular dysfunction, regardless
of the pathology. But is appears clearly that patients
with vestibular neuritis have a higher VDI than patients
with for example superior canal dehiscence. The VDI
is not meant to classify a subject into a specific disease
category, but to assess the degree of dysfunction, sim-
ilar to for example the Body Mass Index (BMI). The
VDI can be used in follow-up studies, to examine cen-
tral and/or peripheral recovery, and the effect of certain
medications or rehabilitation programs.
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Impaired sacculocollic reflex in lateral medullary
infarction: correlation of cervical vestibular evoked
myogenic potential with other vestibular function
tests
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Korea (Rep)

Background: Cervical vestibular-evoked myogenic
potential (cVEMP) refers to inhibitory potentials
recorded in the contracting muscles, usually in the ster-
nocleidomastoids (SCM), when loud click or short tone
burst sound was applied. cVEMP seems to be generated
via a rapidly conducting disynaptic pathway, originat-
ing in the saccule and proceeding along the vestibular
afferent fibers to the vestibular nuclei, and then through
rapidly conducting projections that synapse with SCM
nuclei. Due to damage of the vestibular fascicles,
vestibular nucleus, or vestibular efferents from the nu-
clei that are involved in relaying and central processing
of peripheral vestibular inputs, lateral medullary infarc-
tion (Wallenberg syndrome, LMI) may provide a good
anatomical substrate for studying abnormal cVEMP in
central vestibulopathies. We measured cVEMP in 21
patients with LMI to determine saccular dysfunction
and to correlate abnormality of cVEMP with results

of other vestibular function tests in lateral medullary
infarction (LMI).
Methods: Of the 50 patients who underwent cVEMP
with confirmed diagnosis of LMI at Seoul National
University Bundang Hospital from April 2007 to Jan-
uary 2010, 21 patients were included in this study after
excluding 29 patients. The patients included 16 men
and the ages ranged from 30 to 76 years (mean ± SD
= 56.4 ± 12, median = 60). cVEMP was induced
by a short tone burst and was recorded in contracting
sternocleidomastoid muscle while patients turned their
heads forcefully to the contralateral side against resis-
tance. A short alternating tone bursts (110 dB nHL;
500 Hz; ramp = 2 ms; plateau = 3 ms) were given at
2.1 Hz monaurally using a headphone. The absolute
cVEMP amplitude was then normalized against mean
tonic activation of SCM during the recording. Patients
also underwent video-oculographic recording of spon-
taneous, gaze-evoked and head-shaking (HSN), ocular
lateropulsion, ocular tilt reaction (OTR), measurement
of the subjective visual vertical (SVV) tilt, audiometry,
and bithermal caloric tests. Normative data of cVEMP
were obtained from 47 healthy volunteers.
Results: All patients suffered from vertigo/dizziness,
veering to ipsilesional side of MRI lesions in 15, dys-
phagia in five, hoarseness in two, diplopia in one, ip-
silesional face numbness in nine, and contralesional
extremities numbness in 11 patients. Honer syndrome
was detected in 11, ipsilesional truncal lateropulsion in
11, ipsilateral facial palsy in one patient. There was
no difference of these findings between normal and
abnormal cVEMP groups (p > 0.05). Nine patients
(43%) showed abnormal cVEMP, unilateral in seven
and bilateral in two. The cVEMP abnormalities in-
cluded decreased p13–n23 amplitude in four patients,
delayed p13/n23 responses in five patients, and both
decreased and delayed response in two patients. There
was no significant correlation between rostral or caudal
distribution of MRI lesions and cVEMP abnormality.
Furthermore, the prevalence of OTR, SVV tilt, sponta-
neous nystagmus, HSN and ocular lateropulsion did not
differ between the patients with normal and abnormal
cVEMP. The direction of abnormal cVEMP was ipsile-
sional side of MRI lesions in five patients, contralesion-
al side in two patients, and bilateral abnormal response
with unilateral MRI lesion in two patients. However,
the direction of OTR/SVV tilt was mostly ipsilesional
side of MRI lesions except one patient. The horizontal
directions of spontaneous nystagmus and HSN did not
differ between the patients with normal and abnormal
cVEMP.
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Conclusion: Abnormal cVEMP response in LMI is
not uncommon. The direction of abnormal cVEMP
was mostly ipsilesional, but contralesional and bilater-
al abnormal responses also occur. The possible mech-
anism of contralesional or bilateral abnormal cVEMP
was disruption of commissural effect of facilitation be-
tween bilateral vestibular nucleuses which received in-
put from saccule. Furthermore, the dissociation of ab-
normalities between cVEMP and OTR/SVV tilt sug-
gests differential involvements of otolithic pathways in
central vestibular mechanisms.

PB-62
Furosemide loading VEMP testing can detect occult
endolymphatic hydrops in silent ears.
Toru Seo1, Naoki Saka2, Masafumi Sakagami2
1Osaka Cenral Hospital, Osaka, Japan
2Hyogo College of Medicine, Nisihinomiya, Japan

Introduction: We previously reported that furosemid-
loading vestibular evoked myogenic potential (F-
VEMP) testing indicated positive results in 40% of the
affected ear of unilateral Meniere’s disease. Positive
results were also showed in 25% of the unaffected ear.
The results were not thought to be false positive but
attribute to latent endolymphatic hydrops, however this
hypothesis has not been confirmed. The purpose of
this study was to clarify whether positive results of
F-VEMP on silent ears showed occult endolymphatic
hydrops or not.
Study 1. Contralateral involvements in patients
with unilateral Menierse’s disease
Subjects and Methods 1: Twenty-five patients with
unilateral Menierse’s disease. Positive group consisted
of 6 patients with positive results of F-VEMP testing
on the contralateral ear, while negative group consisted
of 19 patients with negative results. Incidences of con-
tralateral involvements were compared between both
groups with Kaplan-Meier method.
Results 1: Contralateral involvement was shown in 3
cases (50%) of the positive group (elapsed period were
2, 12 and 26 months) and 3 cases (16%) of the negative
group (27, 56 and 78 months). The positive group had a
higher incidence of contralateral involvement than the
negative group (p = 0.0017, log rank test).
Study 2. Developing definite Meniere’s disease of in
patients with so called vestibular Meniere’s disease.
Subjects and Methods 2: Subjects were 14 patients
with vestibular Meniere’s disease. They included 5
males and 9 females, and their ages ranged from 18 to
66 years (mean, 43.5 years). Positive group consisted

of 4 patients with positive results of F-VEMP testing,
while negative group consisted of 8 patients with neg-
ative results. Incidences of definite Meniere’s disease
were compared between the two groups. Subjects were
followed up from 2 to 50 months (mean 8.2 months).
Results 2: Four cases (29%) developed the definite
Meniere’s disease. The developing rate was 75% (3 of
4 cases) in the positive group (elapsed period were 15,
15 and 50 months) and 10% (one of 10 cases) in the
negative group (21 months). The rate was significantly
different between the two groups (Fisher’s exact test,
p = 0.04).
Conclusions: Our results indicate positive results of
F-VEMP are related to development of endolymphat-
ic hydrops in the unaffected ear of Meniere’s disease,
and so-called vestibular Meniere’s disease. Therefore,
positive results suggested latent hydrops in silent ears.

PB-63
Video Head Impulse Tests (vHIT) of individual lat-
eral, posterior and anterior semicircular canal func-
tion
Hamish MacDougall1, Konrad Weber2, Leigh
McGarvie3, Leonardo Manzari4, Michael Halmagyi3,
Ian Curthoys1

1University of Sydney, Sydney, Australia
2Department of Neurology, Zurich University Hospi-
tal, Zurich, Switzerland
3Department of Neurology, Royal Prince Alfred Hos-
pital, Sydney, Australia
4MSA ENT Academy Center, Cassino, Italy

Background: In the traditional clinical head impulse
test of the vestibulo-ocular reflex (VOR) (Halmagyi and
Curthoys, 1988) the patent fixates a stationary point
while the clinician passively rotates their head through
a small angle (15–30◦) with a peak velocity of 150–
300◦/s and acceleration of 2000–4000◦/s2. The clini-
cian then tries to detect, by visual observation, the cor-
rective ‘catch up’ saccades that the patient uses to com-
pensate for vestibular dysfunction. Objective assess-
ment of VOR gain using scleral search coil measures
of head and eye velocity are used in research but are
too complex for the clinic.
Recently we have shown that the video head impulse
test (vHIT) exhibits many of the advantages of objec-
tive measures without the complexity, cost, and dis-
comfort of search coils. Simultaneous video and search
coil measurement during horizontal head impulse tests
showed a high concordance and similar diagnostic util-
ity (MacDougall and Weber et al., 2009).



Poster Sessions 311

Subjective (clinical) and objective (search coil) head
impulse tests have also been extended to the assessment
of individual lateral, posterior and anterior semicircu-
lar canal function by delivering head rotations in the
direction and plane that maximises the stimulus to one
canal while minimising the stimuli to the others. Ro-
tating the patient’s head in the horizontal plane largely
targets the lateral canals, while rotating the head in a
diagonal plane, midway between the frontal (roll) and
sagittal (pitch) planes targets the right anterior and left
posterior canals (the RALP plane) or the left anterior
and right posterior canals (the LARP plane).
Aim: In this project we aimed to validate the accuracy
and utility of vHIT measures during LARP and RALP
tests, again by comparison with simultaneous scleral
search coil measures.
Methods: Head rotations in the LARP and RALP
planes usually produce compensatory eye movement
response with vertical and torsional components and
the vHIT system cannot yet measure torsion reliably
at 250 Hz. To avoid this problem we used modified
LARP and RALP tests in which the subject’s head is
offset towards one shoulder while their gaze is directed
into the plane of the canal that is being tested – i.e.
they look diagonally at the fixation point. With this ar-
rangement the compensatory eye movement response
to LARP and RALP head movements becomes pre-
dominantly vertical. We delivered horizontal, modified
LARP and modified RALP head impulses while simul-
taneously recording eye movement responses with both
scleral search coils (1000 Hz) and vHIT (250 Hz). We
compared measures subjectively (overlaid traces) and
objectively (concordance correlation coefficients and
significance of VOR gain differences).
Results: Simultaneous data showed a high concor-
dance between the two recording methods and the in-
terpretation of data (patient diagnosis) was similarly
clear for the two methods.
Conclusion: Assessing the function of individual lat-
eral, posterior and anterior semicircular canals can be
achieved using the vHIT test. Modified LARP and
RALP head impulses are a little more difficult for the
clinician to deliver. Learning this skill is faster with
online feedback of head velocity, acceleration and ro-
tation axis.
Support: The Garnett Passe and Rodney Williams
Memorial Foundation, the National Health and Medi-
cal Research Council Australia, and the Australian Re-
search Council.
Disclosure: GN Otometrics provides funding for fur-
ther development of the video system. [None of the au-

thors received personal compensations from GN Oto-
metrics].

PB-64
Inerior labyrinth compromise in Fabry’s disease
Sergio Carmona1, Ana Pardal2, Ricardo Reisin2

1INEBA, Buenos Aires, Argentina
2Bristish Hospital, Buenos Aires, Argentina

We studied with Vestibular Myogenic Evoked Poten-
tial (VEMP’s) the prevalence of the compromise of
the inferior labyrinth in patient with confirmed Fabry’s
Disease (FD).
Material and Methods: We performed VEMP’s with
click stimulus at 105 db SPL in both ears in 82 patients.
The average age was 49 y.o... 49 women and 33 men.
Diagnosis of FD was confirmed by genetic studies in
women and by enzymatic assay in men.
We defined abnormality for VEMP’s in terms of latency
and side to side amplitudes.
Results: VEMP’s were abnormal in 30 subjects; in 10
the abnormality was bilateral.
Discussion: Compromise of the inferior labyrinth in
vestibular diseases is not common except in acoustics
neuromas (80%). In previous papers has been proven
that inner ear compromise has no pattern in FD (Palla
et al., 2007, Carmona et al., 2008) and can explain
the high prevalence of this finding in patients affected
of FD. The early treatment with enzyme replacement
improve the inner ear compromise in those patients
(Palla et al., 2007).
Conclusions: VEMP’s are useful in the study of FD
patients since the replacement therapy could improve
those patients conditions an early diagnose has relevant
consequences.

PB-65
Ocular vestibular evoked myogenic potentials in re-
sponse to skull vibration: dependency on stimulus
configuration and stimulus site
Magnus Westin1, Berit Holmeslet2, Krister Brantberg1

1Karolinska Hospital, Stockholm, Sweden
2St. Olavs Hospital, Trondheim University Hospital,
Trondheim, Norway

Objective: To study skull vibration induced ocular
vestibular evoked myogenic potentials (oVEMPs), and
more specifically, its dependency on two different stim-
ulus factors: 1. stimulus configuration (rarefaction ver-
sus condensation) and 2. stimulus site (vertex versus
lateral).
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Recent studies support a utricular origin for oVEMPs
to skull vibration. However, it is not yet apparent how
skull vibration activates the labyrinth/utricle and gener-
ates oVEMPs. We were interested in studying depen-
dency on direction of the initial stimulus component.
Methods: oVEMPs in response to bone-conducted vi-
bration were tested in normals (n = 12). The subjects
were sitting with their head slightly pitched forward. A
hand-held bone-conduction vibrator (Bruel and Kjaer
“Minishaker” 4810) was used for stimulation. The
stimulus sites compared were vertex and behind each
ear (approximately2 cm posterior to the external acous-
tic meatus). A load cell was used to ascertain that the
static force was the same (10 N) for each stimulus site.
The stimulus used was a single-cycle, 125 Hz tone-
burst at 135 dB force level (re 1 µN). The directions
for stimulus onset compared were condensation and
rarefaction.
Results: For vertex stimulation, the oVEMP peaks
to rarefaction stimulus occurred earlier compared with
those to condensation. The oVEMPs from the contra-
lateral eye to lateral condensation stimulation were very
similar to the response to rarefaction vertex stimula-
tion. The oVEMPs from the contra-lateral eye to lateral
rarefaction stimulation was very similar to the vertex
condensation response.
Conclusions: The present data suggest that oVEMPs
in response to skull vibration are critically dependent on
both stimulus site and stimulus configuration. One pos-
sible explanation for the present findings would be that
the direction of the stimulus generated displacement
that first reaches the labyrinth is crucial for oVEMP in
response to low-frequency tone-bursts.

PB-66
Prediction of abnormalities of Postural Evoked Re-
sponses (PER) with Motor Control Test (MCT) re-
sults
Neil Shepard1, Thomas Boismier2, Ann Anderson1

1Mayo Clinic, Rochester, United States of America
2Ear, Nose and Thoat Associates, PC, Ft. Wayne, USA

Background: Postural Evoked Responses (PER), sur-
face electrode recordings from selected muscles of the
lower limbs in response to sudden toe up tilts is avail-
able. In 1993 normative data for clinical the use of this
test was established. In 1994 a pilot study suggested
that PER had a specificity of 87% and sensitivity of
68% for the identification of spinal or other central ner-
vous system abnormalities. In that work a loose rela-
tionship was noted between PER and the Motor Con-

trol Test (MCT) performed on the EquiTest platform.
That relationship was used for criteria as to when to
proceed with PER testing. A specific study to better
define the relationship between MCT and PER testing
to establish criteria for use of PER based on MCT has
not been reported.
Objectives: The primary objective was to determine
the strength of correlation between MCT and PER and
the sensitivity and specificity of MCT to predict abnor-
mal results of the PER test. The secondary objective
was to develop criteria for when to proceed with PER
testing based on MCT results and clinical characteris-
tics of the patient.
Methods: A cohort of 100 consecutive patients, 35
from the Ft Wayne and 65 from Mayo, had PER testing
by the protocol defined in the 1993 normative range
work as part of their work up for complaints of balance
and dizziness. These patients were seen over a 6 month
interval. An IRB approved retrospective review of the
patient files was used to collect the following data for
each patient.
MCT latency to onset of active recovery from induced
forward and backward sway.
PER abnormality (yes / no) and the pattern of the ab-
normality.
Sensory Organization test (SOT) pattern.
Presence or absence of a history of chronic or episodic
imbalance.
History of 2 or more unexplained falls within the last
year.
Age and gender of the patient.
Indications from caloric water irrigations of peripheral
hypofunction (asymmetry of > 24%).
Indications of central system involvement as deter-
mined by abnormal pursuit tracking and / or individual
eye random saccade testing.
History of pain or joint disorder that interferes with
mobility.
To achieve the primary objective correlation coeffi-
cients and linear regression analysis between MCT la-
tency and PER abnormality were developed. ROC
curve analysis was used to determine the cut point for
sensitivity and specificity of MCT latency to predict
PER abnormality. For the secondary objective corre-
lation coefficient and linear regression analysis along
with cluster analysis were used to establish relation-
ships between clinical characteristics of the patient and
MCT results for determining criteria for when PER
testing would be most beneficial.
Results: Preliminary analysis of the first 33 patients
suggests sensitivity for identification of abnormal PER
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by MCT latency of 43% and specificity of 89%. How-
ever, this is based on a simple MCT normal or abnor-
mal. When the magnitude of the latency abnormality of
the MCT is used sensitivity increases to the 60% range
without significant impact on the specificity. The opti-
mal value of latency for best performance of sensitivity
and specificity in predicting PER abnormality will be
presented based on the ROC analysis. On a preliminary
basis the SOT pattern, age, gender, caloric results, mo-
bility restrictions and falls history do not significantly
correlate with PER abnormalities.
Conclusions: The preliminary results suggest that the
magnitude of the MCT latency response may be a rea-
sonable predictor of PER abnormality and that the oth-
er symptom data of falls history or mobility restrictions
do not have a significant relationship.

PB-67
HITs for kids: the video-based head-impulse test in
children and adolescents
Nadine Lehnen, Klaus Bartl, Stefan Kohlbecher, Stefan
Glasauer, Klaus Jahn, Erich Schneider
University of Munich, Munich, Germany

Vertigo is a common complaint in children and ado-
lescents [1]. Surprisingly however, there is no quan-
titative test to assess peripheral 0vestibular function at
the bedside in this age-group [2]. In adults, clinical [3]
and now also video-based head-impulses [4,5] are used
for this purpose. Here we validate the video-based
head-impulse test (HIT) in children.
We assessed healthy children and adolescents aged 3-
18 years with no history or clinical signs of balance
and posture disorders. Horizontal head impulses were
performed as previously described [6]. Eye movements
were recorded with a video-camera with a sampling
rate of 256 Hz; head movements were measured with
inertial sensors.
We find that the gain of the vestibular-ocular reflex and
thus peripheral vestibular function can be readily as-
sessed with the video-based head-impulse test in chil-
dren. Gains are comparable to those documented for
adults [7].
Head-impulses recorded with video-oculography and
inertial sensors are a quick and reliable way to assess
peripheral vestibular function in children and adoles-
cents not only at the bedside.
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Psychophysical responses to earth-vertical rotations
in normal and vestibulopathic subjects
Timothy Hullar1, Osarenoma Olomu1, Robert Mallery2,
Rosalie Uchanski1
1Washington University in St. Louis, St. Louis, USA
2Brigham and Women’s Hospital, Boston, USA

Psychophysical techniques have shown to be extraor-
dinarily sensitive in detecting pathology in the audito-
ry and other sensory systems. These techniques have
not been explored as methods for evaluating vestibular
function in subjects with imbalance. We constructed
a two-interval, two-alternative forced-choice paradigm
to determine detection and discrimination thresholds
for responses of the horizontal semicircular canals. The
paradigm consisted of sinusoidal rotations about an
earth-vertical axis adjusted to avoid the effect of the
velocity storage mechanism. We measured thresholds
at reference velocities over the range from 0 to 150
deg/sec peak velocity in a control group of normal
young subjects and an experimental group of unilater-
ally vestibular-deficient subjects. Thresholds did not
distinguish between the two groups at peak velocities
of 0 and 20 deg/sec but were clearly different at higher
velocities. Binaural summation appears to contribute
to vestibular perception of angular rotation, except at
very low velocities. Discrimination thresholds can be a
sensitive method for identifying subjects with vestibu-
lar loss.
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PB-69
Head-tilt thermal test in patients with unilateral
vestibular disorders
Masafumi Ohki1, Toshihisa prof. Murofushi2
1Musashino Red Cross Hospital, Tokyo, Japan
2Teikyo University School of Medicine, Mizonokuchi
Hospital, Kawasaki, Japan

Objectives: The function of vertical semicircular canal
is difficult to evaluate. Aoki reported that caloric test
with head-tilt can be used as a tool for assessing vertical
canal function. Vertical canal function is investigated
by detecting vertical component of nystagmus during
caloric testing in position which posterior semicircular
canal or anterior semicircular canal seems to be verti-
cal. Vertical semicircular canal function is not usually
investigated in patients with unilateral vestibular dis-
orders. We examined head-tilt thermal test in patients
with unilateral vestibular disorders.
Methods: We enrolled patients with unilateral vestibu-
lar disorders. These patients were diagnosed as vestibu-
lar neuritis, Meniere’s disease, sudden deafness with
vertigo, Ramsay Hunt syndrome, perilymph fistula, be-
nign paroxysmal positional vertigo, acoustic neuroma,
ipsilateral delayed endolymphatic hydrops etc. Head-
tilt thermal test was performed with the posture that
their posterior semicircular canals or anterior semicir-
cular canals seemed to be vertical during thermal test.
Concretely, after we irrigated cold water into their ears,
their heads in spine position were anteflexed by 30 de-
gree to place their lateral semicircular canals to ver-
tical. Next, sagittal plane of their heads was rotated
from front toward the irrigated ear by 45 degree to be-
come their head position that their posterior semicir-
cular canals seemed to be vertical. After that, sagit-
tal plane of their heads was rotated from front toward
the opposite direction to irrigated ear by 45 degree to
become their heads position that their anterior semicir-
cular canals seemed to be vertical. Ocular movements
were monitored under infrared CCD camera (ET-60,
NEWOPTO Co.). Ocular movements were analyzed
using a computer. In addition, head-shaking nystag-
mus and VEMP (vestibular evoked myogenic potential)
were also examined.
Results: Vertical component of nystagmus increased
during head-tilt thermal test in many cases of unaffected
ears. Downward component increased or appeared in
position that their posterior semicircular canals seemed
to be vertical during cold water stimulation. On the
other hand, vertical component changed in position that
their anterior semicircular canals seemed to be verti-

cal. Upward component of nystagmus increased or ap-
peared during cold water stimulation. Cold water stim-
ulation to affected ears less evoked vertical component
of nystagmus than stimulation to unaffected ears.
Conclusions: Head-tilt thermal test is useful to evalu-
ate vertical semicircular canal function.

PB-70
Inferior vestibular neuritis: absence of vestibular
evoked myogenic potentials in the presence of nor-
mal caloric responses
Eun Jin Son, Kyoung Rok Kim, Seung Ah Hong, Ho
Young Lim
Gangnam Severance Hospital, Seoul, Korea (Rep)

Objective: To report the clinical features of patients di-
agnosed with cases of inferior vestibular neuritis based
on abnormal VEMP responses with normal caloric test
results. Methods: We retrospectively reviewed 62 pa-
tients presenting with dizziness. All patients underwent
a battery of audiovestibular testing, including hearing
tests, caloric test and VEMP test.
Results: Six patients were diagnosed as inferior
vestibular neuritis. The pure tone audiograms and
caloric test results were normal. VEMP response was
absent unilaterally, and normal in the contralateral ear.
Conclusion: Inferior vestibular neuritis should be con-
sidered in patients presenting with similar symptoms as
vestibular neuritis. Comprehensive vestibular testing
including VEMP is necessary.
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Physical activity as a contributing factor for onset
of idiopathic benign paroxysmal positional vertigo
Lea Pollak1, Mark Kushnir2, Hadassah Goldberg
Stern3

1Nes Ziona, Israel
2Assaf Harofeh Medical Center, Zerifin, Israel
3Children Hospital Dana, Petach Tikva, Israel

Background: The vast majority of BPPV (benign
paroxysmal positional vertigo) cases are idiopathic.
Some patients report prolonged bed rest due to an un-
related cause that precedes an attack of BPPV. Others
feel that their vertigo was provoked by strenuous phys-
ical work or exercise. Mechanical factors might thus
play a role in the onset of the idiopathic form of BPPV.
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We performed a structured questionnaire study about
physical activity in patients with BPPV and controls.
Patients and Methods: Sixty-three consecutive pa-
tients with idiopathic BPPV who were diagnosed and
treated at an outpatient clinic participated in the study.
Their mean age was 59.2 ± 14.5 years, 14 were men
and 49 were women. Fifty two patients had posteri-
or canal type BPPV while horizontal canal or anteri-
or canal BPPV was diagnosed in 11 patients. Sixty-
four age and sex matched generally healthy individuals
served as controls.
Levels of physical activity were assessed by the PASE
questionnaire, which consists of 12 items quantifying
physical activity during leisure, household and occupa-
tional activities over seven day- period.
Results: We found that physical activity was signifi-
cantly lower in patients with idiopathic BPPV over 60
years old than in controls, regardless to gender. Dif-
ferences were found mainly in household and leisure
activity while occupational activity was similar in both
groups.
An inverse correlation was found between total phys-
ical activity and age of patients and controls. No dif-
ferences were found either between physical activity
scores and type of BPPV or between patients with a
first or recurrent attack of vertigo.
Patients who had only one treatment of their condition
did not differ in physical activity from patients who
required multiple repositioning maneuvers.
Discussion: Despite the limitations arising from a
questionnaire-performed study, it seems that nonspe-
cific physical activity can protect from BPPV and, on
the contrary, physical inactivity predisposes to BPPV.
We propose a hypothetical explanation for our finding.

PC-72
Vestibular and psychiatric manifestations during
the first 3 months after vestibular neuritis
Kathrine Jáuregui-Renaud, Fatima Gómez-Alvarez
Instituto Mexicano del Seguro Social, Mexico D.F.,
Mexico

Objective: To assess the correlation between vestibular
dysfunction and psychiatric symptoms during the first
three months after vestibular neuritis.
Methods: Nine patients with acute vestibular neuritis
and no history of systemic or neurological or psychi-
atric disease accepted to participate. At the beginning
of the study and at the 1st and 3rd months of follow-up,
we recorded the static visual vertical (VV), the esti-
mation error of reorientation in the yaw plane and the

responses to the following 7 questionnaires: a stan-
dardized questionnaire of balance symptoms (J áuregui-
Renaud, 2003), the Dizziness Handicap Inventory by
Jacobson (DHI), the depersonalisation/derealisationin-
ventory by Cox and Swinson (DD), the Dissociative
Experiences Scale by Bernstein (TD), the 12 item Gen-
eral Health Questionnaire by Goldberg (GHQ-12), the
Zung Instrument for Anxiety Disorders and the Hamil-
ton Depression Rating Scale. At the same intervals, 7
healthy subjects accepted to perform the tests and to
reply to the questionnaires; within this reference group,
the responses were always similar (p > 0.05).
Results: At day 1, all the patients showed a VV >2◦

and failed to reorient themselves effectively; they re-
ported several balance symptoms and handicap, as well
as dissociative experiences, particularly DD symptoms;
8 patients had a Hamilton score � 8. At this time the
balance symptom score correlated with the DHI, while
the Hamilton score correlated with the reorientation er-
ror. However, no correlation was observed between the
DD or the TD scores and any of the other measure-
ments. At the 3rd month, all the patients showed a VV
<2◦, a reorientation error similar to healthy subjects,
a balance symptom score � 4 and a decrease on the
DHI score of at least 18 point. Although all the scores
decreased, the multiple regression analysis of the dif-
ferences from baseline showed that the DD score dif-
ference (but not the TD score difference) was related to
the decrease on the balance score and the reorientation
error (p < 0.01); however, no correlation was observed
between the DD or TD score differences and the dif-
ferences on the DHI, GHQ12, Hamilton scale or Zung
instrument (p > 0.5).
Conclusion: During the acute phase of vestibular neu-
ritis, patients may be depressed and they may report
dissociative experiences, particularly DD symptoms;
after 3 months, their DD symptom score may decrease
as much as their vestibular function improves.

PC-73
Vestibular paroxysmia with paroxysmal pulsatile
tinnitus
Tzu-Pu Chang1, Yi-Chang Wu2

1Buddhist Tzu Chi General Hospital, Taichung Branch,
Taiwan, Taichung, Taiwan
2Antien ENT Clinic, Tainan, Taiwan

Introduction: Vestibular paroxysmia is defined as
paroxysmal and brief vertigo that is carbamazepine-
responsive. Neurovascular cross-compression (NVCC)
of a vessel and the vestibulocochlear nerve is thought
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to be the cause, although it is difficult to prove direct-
ly. We describe herein a man with NVCC presenting
with paroxysmal vertigo combined with paroxysmal
pulsatile tinnitus. The pulsatile feature supports the
theory of vascular compression.
Case Report: A 68-year-old man presented to our
dizzy clinic after a 1-month history of paroxysmal ver-
tigo. The vertigo occurred daily with a frequency of 1
to 5 times per day. Each paroxysm lasted for a few sec-
onds to 1 minute. Tinnitus in the right ear appeared si-
multaneously with the vertigo. When these paroxysms
lasted longer, the tinnitus was noted to be pulsatile, and
was synchronized with the patient’s heartbeat. When
the vertigo was more severe, the pulsatile tinnitus be-
came louder. These episodes were often induced by
positional change, but also occurred at rest. Vestibular
suppressants improved the vertigo partially, but were
unable to stop the vertigo and tinnitus totally. During
the interictal periods, the patient complained of mild
disequilibrium.
The findings of otoscopy and neuro-ophthalmologic
test were unremarkable. Dix-Hallpike test showed
normal result. Pure-tone audiometry revealed bilateral
symmetric high-frequency sensori-neural hearing loss.
Caloric test showed 16% unilateral weakness in the
right ear, which was within the normal range in our lab-
oratory. In posturography, vestibular dysfunction was
noticed in the sensory organization test. His center of
gravity deviated to the right.
HRCT of the temporal bone was performed for pul-
satile tinnitus; however, the results were unremarkable.
Brain MRI was performed for possible vertebrobasilar
insufficiency. No structural lesions were found in the
brainstem or cerebellum. In MR angiography, there
was no stenosis or apparent atherosclerosis in the verte-
brobasilar arteries. However, the right anterior inferior
cerebellar artery (AICA) apparently compressed and
displaced the right vestibulocochlear nerve on T2WI
(FIESTA) (Figure).
On the basis of the image findings, the patient was
treated for vestibular paroxysmia with carbamazepine.
One day after the treatment, his tandem gait had al-
most returned to normal. At the 1-week follow-up,
the paroxysmal vertigo and pulsatile tinnitus had been
completely eliminated. Only a mild floating sensation
remained.
Discussion: NVCC of the vestibulocochlear nerve was
first reported by Jannetta in 1975 and named as dis-
abling positional vertigo. The clinical diagnosis is
made mainly by excluding other established vestibu-
lopathies, such as benign paroxysmal positional verti-
go, Meniere’s disease, and vestibular neuritis.

In 1994, Brandt et al. described an entity, vestibular
paroxysmia, defined as paroxysmal and brief vertigo,
which was responsive to carbamazepine. The clini-
cal manifestations, including disease onset, duration,
and frequency, were similar to trigeminal neuralgia and
hemifacial spasm. A high incidence of NVCC has
been reported in MRI studies, and the effectiveness of
carbamazepine also implied the presence of NVCC.
However, according to a review of 100 MRI scans from
patients with no complaints of vertigo, a large number
of NVCC are asymptomatic. It is possible that vestibu-
lar paroxysmia and NVCC in the image are coincident.
More evidence is needed to establish the pathophysiol-
ogy from NVCC to paroxysmal vertigo.
The patient we describe presented not only with parox-
ysmal vertigo but also with paroxysmal pulsatile tinni-
tus. The paroxysmal characteristic is compatible with
the feature of nerve compression, and the pulsatile tin-
nitus further indicates that the auditory nerve was com-
pressed by a pulsating artery. It is believed that these
unique clinical features support a relationship between
vestibular paroxysmia and NVCC rather than their co-
incidence.

PC-74
A case of mumps virus related opsoclonus my-
oclonus syndrome
Jwe Il Kim
Dankook University Hospital, Cheonan, South-Korea

Background: Opsoclonus-myoclonus syndrome
(OMS) is a rare but distinctive neuro-ophthalmologic
disorder, characteristically presented by involuntary
chaotic eye movements and generalized myoclonus.
OMS has been associated with many etiologies, but
most commonly occurs as a paraneoplastic, parainfec-
tious, toxic, drug related, systemic, or idiopathic caus-
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es. Definite pathophysiology of OMS are not demon-
strated.
Case Report: A 19-year-old male was admitted to our
hospital with involuntary multi directional eye move-
ments and four-extremities myoclonic movement. He
was diagnosed as OMS because of the typical clini-
cal manifestations. There was no history of drug and
toxin. Initial laboratory studies, cerebrospinal fluid
(CSF), positron emission tomography- computed to-
mography (PET-CT) and brain Magnetic Resonance
Imaging (MRI) were normal. The serum IgM antibody
titer to mumps virus was checked to 1.20 positive and
the follow up titer of IgG antibody (2-week interval)
was 1.40 positive. These findings suggest mumps virus
related parainfectious OMS. His symptoms were ag-
gravated and acute renal failure was developed due to
rhabdomyolysis. We started midazolam-coma therapy
and administered IVIG. The patient was fully recovered
after two months of therapies.
Conclusion: OMS is a rare disorder and there is
no standard regimen of treatment. Although the exact
pathogenesis of OMS is not known, OMS may be well
responded to immunomodulatory agents such as IVIG,
corticosteroid, low dose cyclophosphamide and ritux-
imab. This case is the first report of mumps virus re-
lated OMS in Korea and has shown excellent recovery
after IVIG administration.

PC-75
Dynamic posturography: the clinical value in find-
ing balance abnormity of patients with benign
paroxysmal positional vertigo
Daogong Zhang, Zhaomin Fan, Yuechen Han, Haibo
Wang
Provincial Hospital affiliated to Shandong University,
Jinan, China

Objective: To explore the clinical value of dynamic
posturography in finding the imbalance of patients with
benign paroxysmal positional vertigo (BPPV).
Material and Methods: 23 patients with BPPV were
subjected to caloric test, static posturography, and dy-
namic posturography. The vestibular tests were per-
formed at two different time points: 1) the onset when
the patients had typical nystagmus provoked by the
Dix-Hallpike maneuver before treatment, and 2) one
week after treatment with the canalith repositioning
maneuver (CRM) as their nystagmus disappeared.
Results: Among 23 cases of BPPV, the abnormal rates
of caloric test, static posturography, and dynamic pos-
turography were 26.1%, 34.8% and 73.9% respective-

ly before CRM. The abnormal rate of dynamic postur-
ography was much higher than that of caloric test or
static posturography. After CRM, the abnormal rates
of caloric test, static posturography, and dynamic pos-
turography were 17.4%, 8.7% and 21.7% respectively.
After CRM the abnormal rate of static and dynamic
posturography showed signi?cant reduction, however,
the results of caloric test showed no significant change.
Conclusions: Dynamic posturographyhas clinical val-
ue in confirming the presence of impaired balance in
patients with BPPV. Treatment of BPPV using CRM
results in improved postural stability in dynamic pos-
turography.

PC-76
Assessment of postural stability using a foam pos-
turography in idiopathic bilateral vestibulopathy.
Fujimoto Chisato1, Murofushi Toshihisa2, Chihara
Yasuhiro1, Ushio Munetaka1, Suzuki Mitsuya1, Yama-
soba Tatsuya1, Iwasaki Shinichi1
1Faculty of Medicine, The University of Tokyo,
Bunkyo-Ku, Tokyo, Japan
2University Hospital, Mizonokuchi, Teikyo University
School of Medicine, Kawasaki, Japan

Objectives: Idiopathic bilateral vestibulopathy (IBV)
is an acquired bilateral vestibulopathy of unknown
cause. The main clinical symptoms are persistent im-
balance. Recent studies suggested that IBV affects not
only the superior vestibular nerve (SVN) system but
also the inferior vestibular nerve (IVN) system. Our
purpose of this study was to assess the postural stabili-
ty in patients with IBV involving SVN, IVN, and both
vestibular nerve systems.
Methods: A total of 19 consecutive patients with IBV
who fulfilled the diagnostic criteria of IBV [1] were
enrolled after vestibular examination including caloric
test and cVEMP test. All of the included patients could
participate in the posturgraphic study [9 men, 10 wom-
en, mean (±SD) age, 64.9 (± 9.6) years, range, 41–80].
We categorized IBV into three subgroups: (1) vestibu-
lopathy in bilateral SVN systems, sparing at least uni-
lateral IVN system (superior type), (2) vestibulopa-
thy in bilateral IVN systems, sparing at least unilateral
SVN system (inferior type), (3) bilateral vestibulopa-
thy in both IVN and SVN systems (total type). Out
of the 19 patients, 7 [2 men, 5 women, age, 65.7 (±
4.5) years, range, 60–71], 6 [3 men, 3 women, age,
58.8 (± 13.1) years, range, 41–80] and 6 [4 men, 2
women, age, 70.0 (± 7.9) years, range, 62–80] were
classified into the superior type, the inferior type and
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the total type, respectively. Two-legged stance tasks
were performed on patients with IBV (n = 19) in four
conditions; with eyes open in using and without the
foam rubber, and with eyes closed in using and with-
out the foam rubber [2]. We adopted six variables; the
velocity of movement of the center of pressure (COP)
and envelopment area tracing by the movement of the
COP in eyes closed/foam rubber, the Romberg’s ratios
of velocity and area with foam rubber, and the foam
ratios (ratios of a measured variable with to without the
foam rubber), of velocity and area in eyes closed.
Results: Three of 19 patients (16%) with IBV required
assistance in eyes closed/foam rubber condition. The
values of the velocity and area in eyes closed/foam
rubber, the Romberg’s ratio of the velocity and area
with foam rubber, were significantly higher in patients
with IBV than those in the control group (p < 0.05).
There were no significant differences between patients
with IBV and the control group in the values of the
foam ratio of the area and velocity in eyes closed. The
posturographic findings for total type tended to be more
severe.
Conclusions: IBV could significantly affect the postu-
ral stability and might enhance the visual dependence.
Residual function of spared vestibular nerve system
might affect the postural stability, even though bilateral
peripheral vestibular functions were reduced.
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PC-77
Episodic upbeat nystagmus: a new phenotype of
episodic ataxia?
Kwang-Dong Choi1, Jae-Hwan Choi2
1Pusan, Korea (Rep)
2Choi Jae-Hwan, Pusan, Korea (Rep)

Background: Episodic ataxia (EA) is an autosomal
dominant ion channel disorder characterized by parox-
ysmal attacks of incoordination. The number of iden-
tified EA phenotypes and genotypes is expanding, now
up to EA 7 and growing. During an acute episode of
ataxia or between episodes, most patients typically ex-
hibit a gaze-evoked nystagmus or downbeat nystagmus.

We report a family with recurrent vertigo and postural
imbalance, who showed spontaneous upbeat nystagmus
during episodes.
Case report: A 22-year-old man presented with re-
current attack of oscillopsia, vertigo, and gait ataxia
since childhood. The attack lasted several hours and
occurred 2-3 times per month, which were provoked
by excessive exercise, cold temperature or strong light
stimuli. His grandfather, father, uncles, and cousins
also had similar episodes. Between the attacks the gen-
eral medical and neurological examinations were nor-
mal. Sustained upward gaze for one minute or walking
for 30 minutes produced upbeat nystagmus in the pri-
mary position following alexander’s law and postural
imbalance, which lasted for several hours. Results of
routine chemical analyses and brain MRI were normal.
No mutation was found in CACNA1A gene.
Conclusion: The present family may be a new pheno-
type of episodic ataxia, which has not been previously
described, characterised clinically by episodic upbeat
nystagmus. Linkage analysis of this family await to
document a new subtype of episodic ataxia syndrome.

PC-78
Ictal downbeat nystagmus in cardiogenic vertigo
Kwang-Dong Choi1, Jeong-Ju Lee2, Tae-Hyoung
Kim3, Min-Ji Kim4, Ji Soo Kim5

1Pusan, Korea (Rep)
2Lee Jeong-Ju, Seoul, Korea (Rep)
3Kim, Pusan, Korea (Rep)
4Kim Min-Ji, Pusan, Korea (Rep)
5Kim Ji Soo, Seoul, Korea (Rep)

Background: Rotatory vertigo mostly develops in
vestibular disorders while presyncopal dizziness usual-
ly reflects generalized cerebral ischemia due to a car-
diovascular cause. Nevertheless, contrary to estab-
lished wisdom, patients with cardiovascular disorders
frequently report vertigo. However, the mechanism of
so-called cardiogenic vertigo remains unknown. Fur-
thermore, no study has explored vestibular dysfunction
during a spontaneous episode in a patient with cardio-
genic vertigo. The previous studies of induced syncope
suggest that the vertigo may result from cerebellar is-
chemia and vestibular function was in fact assessed in
one of these studies. We observed downbeat nystagmus
during the presyncopal attack with vertigo in a patient
with recurrent asystole due to sick sinus syndrome.
Case Report: A 67-year-old woman presented with
recurrent rotatory vertigo, nausea and palpitation for
three months. The patient reported that the vertigo had
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lasted for 5–10 seconds, and occurred 2–3 times per
week, which became more frequent for the previous
several days. She had a history of mitral valve replace-
ment 10 years before. Between the episodes, the gen-
eral medical and neurological examinations were unre-
markable, and electrocardiogram (ECG) was normal.
During a spontaneous vertiginous attack, the patient
showed pure downbeat nystagmus without fixation last-
ing several seconds. After admission, the patient devel-
oped abrupt loss of consciousness following rotatory
vertigo for about 10 seconds. During the syncopal at-
tack, ECG monitoring exhibited a sinus pause for sever-
al seconds. ECG returned to normal sinus rhythm with
regain of her consciousness. The patient underwent
emergent implantation of a permanent pacemaker with-
out further attacks of vertigo or syncope. CT angiogra-
phy obtained after the pacemaker implantation showed
patent intra- and extracranial arteries except for mild
stenosis of the left distal vertebral artery. Transtho-
racic echocardiography was unremarkable without any
evidence for a cardiac source of embolism.
Conclusion: In view of the recurrent isolated verti-
go without any other neurological symptoms and pure
downbeat nystagmus during the episode, the cardio-
genic vertigo in our patient was more likely to result
from cerebellar rather than labyrinthine or brainstem
ischemia. Considering downbeat nystagmus in the
present case with recurrent asystole and both downbeat
nystagmus and increased VOR gain during induced
syncope, it appears that frequent vertigo in patients with
cardiovascular disorders or syncope may result from
cerebellar dysfunction due to hypoperfusion.

PC-79
Walking to the toilet in inpatient with vertigo (2nd
report)
Akira Doi, Kenichi Kozakura, Aya Murai, Kumiko
Shimamoto, Keiko Morizane, Kozo Tamura, Keiko
Tsutsui, Yukari Nishimori, Akiko Motoyoshi, Kayo
Hasegawa
Kochi Health Sciences Center, Kochi, Japan

At the 25th Barany Society Meeting in 2008, we report-
ed that it took 3 days before patients hospitalized to our
department on the day of onset of vertigo became able
to walk to the toilet without the assistance of medical
staff. In this paper we report on our investigation of
the influence of Atarax P, an anti-allergic, anti-anxiety
drug, on the ability to walk to the toilet. The study pop-
ulation comprised 100 patients who were admitted to
our department on the day of onset of vertigo between

January 1, 2008 and March 31, 2010. They were di-
vided into two groups: those with use of Atarax P and
those without. The items investigated were the number
of days taken before restoration of the ability to walk
to the toilet, the number of days taken before disap-
pearance of each of fixation nystagmus and voluntary
nystagmus, and the number of days before disappear-
ance of vertigo at rest, upon moving the head, and upon
moving the body. Although differences were statisti-
cally insignificant in all items, the ratio of patients who
took 4 days or more before becoming able to walk to
the toilet was slightly higher in the group of patients
not receiving Atarax P than in the group receiving the
drug. In both groups, some patients took a relatively
long time before their vertigo upon moving their body
disappeared. The ability to walk to the toilet may be
involved by mental factors such as anxiety about falling
or exacerbation of nausea and vertigo. In the patients
who persistently experienced vertigo upon moving the
body, Atarax P might have been more effective than
required, in addition to the mental factors. Hence, it is
desirable that the duration of treatment with Atarax P
be about 3 days.

PC-80
Vestibular neuritis with dissociation between cVEMP
and oVEMP responses is consistent with utricular
origin of oVEMPs and saccular origin of cVEMPs
Leonardo Manzari1, Ann Burgess2, Ian S. Curthoys2

1MSA Ent Academy Center Cassino, Cassino, Italy
2Vestibular Research Laboratory, School of Psycholo-
gy, The University of Sydney, Sydney, Australia

Objective: Recently two important tests of otolith
function have been reported – firstly the cervical
vestibular evoked myogenic potential (cVEMP) from
contracted sternocleidomastoid (SCM) muscles to an
air-conducted sound (ACS) or bone-conducted vibra-
tion (BCV). Secondly the ocular vestibular-evoked
myogenic potential (oVEMP) to BCV and ACS from
contracted extrocular muscles (Inferior Recti and Infe-
rior Oblique muscles). These potentials have an im-
portant role in diagnosing vestibular disease. Evidence
shows that in response to Short Tone Burst (7 millisec-
ond) 500 Hz BCV delivered to the midline of the fore-
head at the hairline (a location called Fz) or ACS stim-
ulation, the early negative n10 potential of the oVEMP
indicates crossed utricular function and the early pos-
itive p13 potential of the cVEMP indicates uncrossed
saccular function (reviewed in Curthoys [1]). The ob-
jective of the present case report is to present further ev-
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idence confirming the origin of cVEMPs and oVEMPs
to air conducted sound (ACS) and bone conducted vi-
bration (BCV) at Fz.
Methods: A 29 year old woman was referred to our ter-
tiary referral neurotological center (MSA ENT Acade-
my Center – Cassino, Italy) with acute vertigo, pallor,
vomiting, but no cochlear symptoms. Suspecting on
the basis of symptoms and history an acute onset of
Vestibular Neuritis, the patient was then submitted to
the following: caloric testing; Bed Side examination;
both ACS and BCV Fz ocular and cervical VEMPs car-
ried out with a very short tone burst of 500 Hz lasting 7
milliseconds (5 millisecond plateau) with a repetition
rate of 4 Hz for 50 times.
Results: The Audiological investigation (Pure Tone
Audiometry) revealed a Mixed Hearing Loss with pre-
served stapedial reflexes and normal tympanometry and
auditory brainstem responses. Vestibular tests showed:
absent spontaneous nystagmus; no head shaking nys-
tagmus; positional nystagmus (Dix-Hallpike manoeu-
vre) with downbeating nystagmus when the head was
positioned to the left. Caloric tests showed a nor-
mal pattern (Fitzgerald-Hallpike stimulation). For air
conducted sound (ACS) and bone conducted vibration
(BCV) stimuli the cervical Vestibular Evoked Myo-
genic Potentials (cVEMPs) showed a clearly detectable
response only from the right SCM. While air conducted
sound (ACS) and bone conducted vibration (BCV) ocu-
lar Vestibular Evoked Myogenic Potentials (oVEMPs)
showed both a normal n10 beneath the left eye. After
the aforementioned series of diagnostic procedures, she
was diagnosed as having Inferior Vestibular Neuritis on
the right side.
Conclusion: cVEMPs to ACS and BCV at Fz test
primarily saccular and inferior vestibular nerve func-
tion whereas oVEMPs to ACS and BCV at Fz test pri-
marily utricular and superior vestibular nerve function.
The case confirms that the n10 potential of the ocu-
lar VEMPs to ACS and BCV Fz is related to utricular
function. Conversely the p13 potential of the ACS and
BCV Fz cVEMP indicates saccular function. Howev-
er these two indicators, combined with other standard
tests of peripheral vestibular function such as the head
impulse test allow clinical testing of all of the vestibular
end-organs in each inner ear.
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Treatment of apogeotropic horizontal canal benign
paroxysmal positional vertigo; comparison of gu-
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Background: Several methods of physiotherapy have
been advanced for apogeotropic type of benign parox-
ysmal positional vertigo involving the horizontal semi-
circular canal (HC-BPPV). However, head-to-head
comparison using a randomized controlled trial is un-
available.
Objective: The aim of this study was to determine the
immediate and long-term therapeutic efficacies of the
Gufoni and head-shaking maneuvers in apogeotropic
HC-BPPV compared with sham maneuver.
Design: A randomized double blind prospective con-
trolled study.
Methods: In nationwide 10 Dizziness Clinics of Ko-
rea, 157 consecutive patients (95 women, age range:
18–89 years, mean age ± SD = 59.9 ± 13.6) with
apogeotropic HC-BPPV were randomized to Gufoni’s
maneuver (n = 52), head-shaking (n = 54) or sham
maneuver (n = 51) group. Immediate response was
determined within one hour after each maneuver based
on resolution of vertigo and nystagmus during the po-
sitioning maneuvers. The repositioning maneuver was
repeated once more when the symptom and signs per-
sisted. The patients also had weekly follow-ups for one
month after the initial maneuver.
Statistics: X2 and ANOVA tests were used to compare
the clinical characteristics and therapeutic efficacy of
each maneuver among the groups. Cox proportional
hazards regression analysis was used to determine the
effect of independent variables on the outcome. We
performed Kaplan-Meier survival analysis to determine
the long-term effect, and the log rank test for a statistical
comparison among the groups. A two-tailed p value of
less than 0.05 was considered significant.
Results: After single treatment maneuver, head-
shaking (25/53, 47.2%) and Gufoni maneuver (31/52,
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59.6%) showed better immediate results than sham ma-
neuver (11/49, 22.0%, p = 0.001). The Kaplan-Meier
survival curve for the long-term effects also showed a
better outcome in the head-shaking (p = 0.026) and
Gufoni (p = 0.000) groups compared with the sham
group. However, therapeutic efficacy of head-shaking
and Gufoni’s maneuver did not differ in terms of both
immediate (p = 0.129) and long-term (p = 0.239) out-
comes.
Conclusion: Using a prospective randomized trial, we
demonstrated that the Gufoni’s and head-shaking ma-
neuvers are effective and superior to the sham maneu-
ver in treating apogeotropic HC-BPPV.

PC-82
Partial labyrinthine injury in severe decompression
illness: a vascular embolic explanation?
Luca Verrecchia1, Mikael Gennser2, Arne Tribukait2,
Krister Brantberg3

1Karolinska University-Hospital, Stockholm, Sverige
2Department of Environmental Physiology, KTH Roy-
al Institute of Technology, Stockholm, Sverige
3Department of Audiology, Karolinska University-
Hospital, Stockholm, Sverige

Objective: We present a case report suggesting N2
bubble embolization as the cause of peripheral vestibu-
lar dysfunction in decompression accidents.
A selective vulnerability of the inner ear to decompres-
sion illness has been suggested. A few observational
studies have demonstrated the inner ear to be the only
injured site following decompression accidents. How-
ever, there is no full agreement about the patophysio-
logical basis for the inner ear damage; whereas some
argue for a relation to the selective difficulty of inner
ear tissues to wash out the N2, others argue for N2
vascular embolization as the cause. The present pa-
tient had a severe decompression illness with a partial
vestibular lesion that minutely traced the inner ear vas-
cular supply, affecting only the territory of the anterior
vestibular artery.
Methods: A 48-year-old male dive master was neuro-
otologically evaluated one month after an episode with
severe decompression illness that also involved the left
inner ear. Twenty minutes after a dive, the patient suf-
fered a rapidly increasing intense abdominal pain and
after a few more minutes he became unconscious. He
was treated in a hyperbaric chamber with a standard
program for hyperbaric oxygen administration. After
14 hours he regained consciousness, but for the next
three days he was still confused and disoriented. Cere-

bral images revealed diffuse micro-embolization in the
supra-tentorial white matter. In addition to the cerebral
symptoms the patient complained of continuous verti-
go. After a few days of further hospital attendance he
was dismissed with diminishing subjective vertigo and
no other neurological symptoms. A few weeks later,
the patient was seen for the neuro-otological evaluation.
Results: The examination suggested a left partial
vestibular deficit without auditory involvement. There
was no caloric response from the affected left ear. Head
impulse test for the left lateral and the left anterior
semicircular canal was also impaired. Testing vestibu-
lar evoked myogenic potentials (VEMPs) showed di-
vergent results. Ocular VEMPs in response to left ear
stimulation were absent, whereas the cervical VEMPs
were completely symmetrical and normal. Thus, the le-
sion profile suggested a left partial vestibular loss of the
kind that would be suspected following a left anterior
vestibular artery embolus.
Conclusion: Clinical reports have described cases of
inner-ear decompression illness without other neuro-
logical findings, pointing to a selective vulnerability of
inner ear tissues in decompression accidents. Recent
physiological models have suggested that the specif-
ic inner ear vulnerability is related to the prolonged
half-time of N2 elimination from inner ear tissue. In-
ner ear involvement has also been demonstrated to oc-
cur more often in patients with a right-left shunt, sug-
gesting vascular embolization to be the cause for in-
ner ear decompression illness (and the nitrogen bubbles
would also tend to grow once they enter a supersat-
urated territory).The present case report consists of a
well documented decompression illness with a partial
labyrinthine damage that mirrors the vascular supply
of the anterior vestibular artery. The enrolment of so
distinct vestibular functional subunits represents, in our
opinion, a demonstration that inner ear decompression
illness is related to an embolic mechanism.

Caption 1: cVEMPs. Simmetrical and normal
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Caption 2: cVEMPs. No response to left stimulation
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Audiovestibular sarcoidosis
David Szmulewicz1, John Waterston2
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University, Alfred Hospital Campus, Melbourne, Aus-
tralia

We report two patients with biopsy proven au-
diovestibular sarcoidosis who presented with hearing
loss, vertigo and gait ataxia. The clinical findings were
confirmed by formal oto-neurology testing, which re-
vealed sensorineural hearing loss with poor speech dis-
crimination, vestibular hypofunction and abnormal au-
ditory brainstem responses. MRI scans of the brain
revealed enhancement of the vestibulocochlear nerves.
Both patients responded to high dose oral corticosteroid
treatment.

PC-84
Vertigo and disequilibrium of SLE patients
Atsushi Ochiai, Hideaki Naganuma, Koji Tokumasu,
Makito Okamoto
Kitasato University, Sagamihara, Japan

Objectives: Collagen disease induce various neurolog-
ical symptoms that range from central nervous system
to peripheral nerve. Therefore, some of patients with
them complain vertigo and disequilibrium. But there
are little reports about the detail of them.
As systemic lupus erythematosus (SLE) is represen-
tative disease of collagen disease, we studied about
neuro-otological observations of SLE patieuts who had
complained vertigo and diseruilibrium and came to De-
partment of Neurotology, Kitasato University Hospital.
Methods: The subjects of our study are 25 SLE pa-
tients who came from January 1985 to December 2009.
They consisted of 1 male and 24 females. Their age
were ranged from 14 to 68 years old and mean age was
41.8 ± 12.8.

We examined gaze nystagmus test, positional nystag-
mus test, positioning nystagmus test, eye tracking test
(ETT), optokinetic pattern test (OKP) and pure- tone
audiometry as neuro-otological examination.
Results: We diagnosed 5 patients as central vestibu-
lar disturbances for reasons of vertical nystagmus, sac-
cadic and ataxic ETT, hypofunction of OKP and so
on.We did 2 patients as Meniere’s disease and 5 patients
as benign paroxysmal positional vertigo for reasons of
pathognomonic pure- tone audiogram, nystagmus and
so on.
Conclusions: As to the mechanism of central vestibu-
lar disturbances of SLE, there are possibility of transmi-
gration of lymphocytotoxin with microvascular disor-
der and deposition of immune complex at blood- brain
barrier. In a similar way, in the inner ear, there are
possibility of inner ear disturbance that transmigration
of lymphocytotoxin with microvascular disorder and
dysfunction of blood- inner ear barrier. As to vertigo
and disequilibrium of SLE patients, our study showed
that various factor are intermingled about their patho-
physiology and disordered part.

PC-85
Characterization of presbyequilbrium among insti-
tutionalized elderly persons
Ilmari Pyykkö1, Dennis Poe2, Pirkko Jäntti2, Eeva
Tuunanen2
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2University of Tampere, Tampere. Finland

Background: Dizziness, vertigo, poor maintenance of
posture, and black-outs are common symptoms (called
presbyvertigo) in the elderly and make them at risk for
falls, and social isolation. These problems are ubiq-
uitous and become increasingly prevalent with aging
such that significant symptoms often go unrecognized,
being attributed to natural degeneration. Although the
aetiology of presbyvertigo remains largely uncertain,
acute or rapid deterioration of balance may be due to
a treatable medical disorder. Rehabilitation may be
effective when medical therapy has reached its limits.
The aim of this study was to characterize presbyvertigo
among institutionalized elderly to identify the treatable
causes.
Methods: We examined 72 out of 156 institutionalized
elderly persons from a single residential facility in a
cross sectional study and followed them for 3 years. In
order to define their presbyvertigo, a standardized ques-
tionnaire was administered that consisted of 98 ques-
tions about the subjects’ symptoms, medical history
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and medication. A general health related quality of life
measure (QoL-15D) and mini mental status examina-
tion (MMSE) were completed. Additionally, records
were made of falls and scoring was done for anxiety,
and physical activity. Factorial analysis was carried out
to determine the components of presbyvertigo.
Results: 54 % of the elderly subjects reported some
kind of vertigo, dizziness, syncope or balance prob-
lems. The most common complaint was postural insta-
bility, with a tendency to fall. “Spinning” vertigo and
“floating” sensation had strong inter-correlation (p <
0.001) and correlated with habitual falls. The symp-
toms often occurred in combinations with the most
common combination being poor postural stability and
gait problems followed by poor postural stability and
spinning vertigo. Attacks of syncope never occurred
alone but always in combination with spinning vertigo
or tendency to fall. In factorial analysis, presbyvertigo
could be divided into six categories. “Poor vestibular
coping” (factor 1) correlated significantly with reduc-
tion of general measure of quality of life (p = 0.037)
and with anxiety (p = 0.050). The “vestibular frail-
syndrome”(Factor 2) correlated significantly with loss
of vigilance (r = 0.332, p = 0.021), mobility (p >
0.001), vision (p = 0.003), subjective impairment in
memory (p = 0.014) and with habitual falls (p =
0.010). “Vestibular failure” (Factor 3) correlated sig-
nificantly with loss of energy (p = 0.021) and with
sense of impending death (p = 0.031). “Positional ver-
tigo” (Factor 4) correlated with anxiety (r = 0.283, p =
0.051). “Autonomic vertigo” (Factor 5) correlated with
anxiety (p < 0.001), loss of energy (p = 0.031) and
accidental falls (p = 0.041). Finally, “movement intol-
erance” (factor 6) correlated with reduction of MMSE
score (p = 0.033).
Conclusion: Among elderly, dysfunction of the
vestibular system is commonly characterized by a com-
bination of phenomena involving emotional, perceptu-
al, orientation, postural, and autonomic manifestations.
It is often difficult to obtain an accurate history from the
elderly and the presence of treatable symptoms is fre-
quently overlooked. Taking a careful history and utiliz-
ing the classification of symptoms that emerged from
the factorial analysis may give a deeper understanding
of the aetiology of presbyvertigo, thereby facilitating
appropriate medical treatment and rehabilitation.

PC-86
Asymmetric vestibular function in CI candidates –
does it matter?
Julia Dlugaiczyk1, Markus Kapsreiter2, Christoph

Brase2, Joachim Hornung2, Carsten Finke2, Bernhard
Schick1

1Saarland University Hospital, Homburg/Saarland,
Germany
2Department of Otorhinolaryngology, Erlangen Uni-
versity Hospital, Erlangen, Germany
Objective: Around 30% of patients experience verti-
go or imbalance following cochlear implantation. In
order to minimize the risk of post-operative vestibular
disorders, it is generally recommended to implant the
ear with the least functional vestibule. However, hard-
ly any data comparing pre-operative vestibular func-
tion between the two ears in adult CI candidates have
been published so far. Therefore, the present study was
designed:

1. to determine the number of patients with asym-
metric vestibular function among adult CI candi-
dates.

2. to evaluate the proportion of patients where
cochlear implantation is considered on the better
balancing ear for audiological reasons.

Methods: In this preliminary study, 25 adult CI can-
didates (age: 23–84 years) underwent otoneurological
examination including spontaneous and headshake nys-
tagmus, vestibulo-ocular reflex, rotational chair test-
ing, bithermal caloric irrigation, positional testing and
computerized dynamic posturography (CDP) prior to
cochlear implantation.
Results: Among the 25 CI candidates, 17 showed signs
of peripheral vestibular hypofunctionon vestibular test-
ing (68%). Bilateral vestibular hypofunction (BVH)
was diagnosed in 9 patients. Of these, 5 presented with
symmetric BVH and 4 with asymmetric BVH. Uni-
lateral vestibular hypofunction (UVH) was found in 8
subjects. Thus, asymmetric vestibular function was de-
termined in 12/25 patients (48%). Cochlear implan-
tation was considered on the better balancing ear for
audiological reasons in 5 out of the 12 patients with
asymmetric vestibular function (41.6%).
Conclusions: 1.) The high prevalence of CI candidates
with asymmetric vestibular function (48%) in our pre-
liminary study advocates pre-operative vestibular test-
ing in all patients considered for cochlear implanta-
tion. If all other factors are equal, the ear with the least
functional vestibule should be implanted.
2.) Those patients, where cochlear implantation is
considered on the better balancing ear for audiologi-
cal reasons (41.6% in our study), require special coun-
selling about the risk of post-operative vertigo. Pre-
operative vestibular training is particularly advisable in
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these patients in order to promote central compensation
of asymmetric peripheral vestibular function.

PC-87
Comparing CT methods for temporal bone imaging
Richard Penninger, John Carey
The Johns Hopkins University School of Medicine,
Baltimore, USA

Statement of Study: The learning objective is to
compare Multi Slice CT (MSCT) to Cone Beam CT
(CBCT).
The main focus of this poster is to understand the role
of novel cone-beam CT technology in diagnosing inner
ear diseases and vestibular disorders.
CBCT is gaining popularity because its smaller radia-
tion dose (e.g., 5 mA and 120 kV) compared to con-
ventional MS CT (e.g., 250 mA and 135 kV) allows the
technology to be deployed directly to otolaryngology
and dental offices. A disadvantage of CBCT is that the
use of low energy photons results in less image contrast.
However, there is potentially better spatial resolution
compared to MSCT when inherent tissue contrast is
high.
This should be the case with superior canal dehiscence
(SCD), where thin bone must be detected between low
radiodensity brain and perilymph, and with delineation
of the stapes and cochlear implant arrays. Data from ca-
daveric temporal bones scanned with CBCT and MSCT
are compared. Results demonstrate better spatial reso-
lution of CBCT in these applications.
Superior canal dehiscence syndrome (SCDS) is a syn-
drome of sound- and/or pressure-induced vertigo OR
conductive hearing loss and/or hyperacusis caused by
a thinning or complete absence of the part of the tem-
poral bone overlying the superior semicircular canal of
the labyrinth. It is probably due to a congenital defect
in the bone, which may become symptomatic over time
with physical trauma or dural pulsations.
Objective: The desired result is a non-biased overview
of the new CT devices on the market.
Methods: Cadaveric temporal bones and a bony phan-
tom were scanned with MSCT and CBCT, and after
extracting the image information in DICOM format,
they were post processed in Vitrea (Vital Images, Min-
netonka, MN) to adjust windowing and rotation an-
gle. DICOM data were finally extracted to MATLAB
7.9.0.529 (R2009b) (The MathWorks Inc.,Natick, MA)
for quantification of the difference of the spatial reso-
lution between the two scan techniques.
In order to make the pictures from the two different
technologies comparable, we needed to rectify them:

Grayscale images (e.g., 1) were converted into black
and white (2), and images were normalized to obtain
equal size and center for the canal in all images. To
examine the information content at the transitions from
bone to surrounding tissue,we calculated the Derivative
of each pair of pixels in the horizontal axis in the image.
In order to determine spatial resolution, a Phantom was
created from a dry temporal bone with holes drilled into
the squamous portion ranging from 0.8 mm diameter
in 0.05 mm steps to 0.3 mm. The centers were 1.5 mm
apart, and there were 5 or 6 holes in each vertical set.
The phantom was put into water in order to mimic the
radiodensity of cerebrospinal fluid.
Results: MSCT had difficulty demonstrating the 5th
hole (0.55 mm in diameter).
CBCT demonstrated all holes down to the 7th hole
(0.45 mm in diameter) without problems.
Moreover, the MSCT did not show that the holes pen-
etrated to the full thickness of the calvarial bone.
Conclusion: Cone Beam Scanners may be better for
diagnosing SCDS because CBCT has:
More spatial resolution using an actual temporal bone
phantom with water to mimic the relevant bone/fluid
interface found in SCD.
Less radiation dose.
Faster image acquisition.
Volumetric coverage in one rotation.
Less motion artifacts.
Potential “turnkey” utilization.



Poster Sessions 325

PC-88
Rizatriptan reduces motion sickness in migraineurs
Joseph Furman, Dawn Marcus, Carey Balaban
University of Pittsburgh, Pittsburgh, USA

Persons with migraine are known to have a higher level
of motion sickness susceptibility than persons without
migraine. Also, symptoms associated with migraine
headache often include autonomic-typesymptoms sim-
ilar to those of motion sickness. In an effort to better
understand these parallels between migraine and mo-
tion sickness, we evaluated the effect of the 1B/1D re-
ceptor serotonin agonist rizatriptan on motion sickness
provocation. We performed a double-blind, random-
ized, placebo-controlled study wherein we measured
motion sickness in migraineurs in response to a com-
plex vestibular stimulus following pretreatment with
either rizatriptan or a placebo. This study was moti-
vated by two previous pilot studies that suggested that
rizatriptan influenced motion sickness in migraineurs.
Subjects for this study included 25 migraineurs (23 fe-
male; 2 male) aged 21 to 45 yrs (31.0 ± 7.8 yrs) with
(n = 12) or without (n = 13) migraine-related dizzi-
ness. Motion sickness was induced using a rotate-then
tilt constant velocity off-vertical axis rotation in dark-
ness, which stimulates first the semicircular canals and
then the otolith organs. Off-vertical axis rotation was
continued for approximately 50 seconds. Following
a two-minute rest, if the subject could tolerate addi-
tional stimulation, they were then exposed to a sec-
ond off-vertical axis rotation in the direction opposite
to that of the first off-vertical axis rotation. Motion
sickness was judged using the motion sickness scale
developed by Graybiel. Subjective units of distress
were rated from 0-10 based on the method of Wolpe.
Sinusoidal-earth vertical earth axis rotation was used
to assess the vestibulo-ocular reflex (VOR) before and
after ingestion of the drug or placebo. Eye movements
were recorded with electro-oculography and analyzed
using standard techniques. Motion sickness scores and
subjective units of distress were analyzed by comput-
ing the differences between baseline (i.e., pre-earth-
vertical axis rotation) and post-OVAR. Eye movement
data were analyzed using standard techniques to com-
pute gain and phase for earth-vertical axis rotations and
modulation and bias components for off vertical ax-
is rotations. Results indicated that 15 of the 25 sub-
jects experienced vestibular-induced motion sickness
when pre-treated with placebo. 13 of these 15 subjects
showed a decrease in motion sickness following pre-
treatment with rizatriptan compared with pretreatment

with placebo. This significant effect was not seen when
subjects were exposed to more provocative vestibular
stimulation, i.e., a second off-vertical axis rotation, al-
though there was a trend for subjects without migrain-
ous vertigo to show a benefit with rizatriptan as com-
pared to placebo. Subjective units of distress were not
different for rizatriptan vs. placebo. There was no con-
sistent effect of rizatriptan on the VOR or a correlation
between motion sickness and the VOR.
The results of this study corroborate the implications of
our prior pilot data suggesting that rizatriptan provided
protection against motion sickness induced by complex
vestibular stimulation in migraineurs. The absence of
an effect of pre-treatment with rizatriptan on motion
sickness in response to a second off-vertical axis rota-
tion suggests a type of dose-response mechanism. The
trend for subjects without migrainous vertigo to gain
benefit from rizatriptan despite a high level of motion
sickness provocation suggests that subjects with mi-
grainous vertigo may be more susceptible to motion
sickness. We hypothesize that the serotonin agonist
rizatriptan reduces vestibular-induced motion sickness
by influencing serotonergic vestibular-autonomic pro-
jections (Figure). Rizatriptan had no apparent effect on
the so called “velocity storage system” of the VOR. Our
data thus do not support a connection between motion
sickness and velocity storage. The ability of rizatrip-
tan to reduce motion sickness in migraineurs suggests
that migraine-related mechanisms, such as trigemino-
vascular reflexes and central pain pathways, may be
involved in generating motion sickness.
This research was supported by Merck & Co., Inc via
an investigator-initiated award.

Diagram of relevant neural structures
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PC-89
Lack of vestibulo-ocular reflex gain modulation
by eye position signals in the post-acute phase of
vestibular neuritis
Dimitri Anastasopoulos, Evangelos Anagnostou,
Jochim Heimberger, Socratis Sklavos
University of Athens, Athens, Greece

Objectives: The nystagmus of acute vestibular neuritis
is characterized by slow-phase velocity augmentation
as gaze moves in the direction of fast phase. This
phenomenon is called Alexander’s law (AL). It has
been suggested that eye position signals modulate the
asymmetrical vestibulo-ocular reflex. However, little
is known about the persistence of AL in the post-acute
phase, when no spontaneous nystagmus is present.
Methods: Head and eye movements were record-
ed with the search-coil method during passive head-
impulses in yaw, while subjects (5 patients with uni-
lateral vestibular neuritis in the post-acute phase, 12
controls) were asked to hold gaze at various azimuth
angles in 8 deg-steps within ± 16 deg from the straight
ahead reference position.
Results: In normal subjects, the gain of the VOR re-
mained unaffected by eye-in-orbit position and this was
true for leftward as well as for rightward impulses. In
patients, ipsilesional head impulses were characterized
by reduced VOR-gains, which did not change by eye-
in-orbit position. Contralesional impulses produced
slightly decreased VOR-gains, which, again, were not
influenced by eye-in-orbit position.
Conclusions: The gain of the VOR during ipsilesional
head-impulses did not scale up with eye-in-orbit posi-
tions towards the healthy side. This points to an ab-
sence of the AL-phenomenon in the post-acute phase
of vestibular neuritis.

PC-90
Covert short latency saccades in combined vestibu-
lar and cerebellar failure
Stuart Mossman
Wellington Hospital, Wellington, New Zealand

Context: The head impulse test, introduced by Hal-
magyi and Curthoys in 1988, is a high frequency head
rotation to detect a complete paresis of the semicircu-
lar canals. Catch up corrective saccades may be overt
saccades with occurrence after the head rotation has
stopped or covert saccades that occur early during the
head rotation.
Objective: To assess whether early covert catch up
saccades occurred in combined cerebellar and vestibu-

lar failure in the same way that they occur in isolat-
ed vestibular failure alone. It was proposed that the
presence of cerebellar failure would prevent the appear-
ance of early covert saccades because of impaired CNS
processing mechanisms.
Method: Three patients with the clinical syndrome of
complete bilateral vestibular failure and clinical and
supportive MRI evidence of cerebellar degeneration
were evaluated with a passive head impulse test, as de-
scribed by other authors1. Patients were seated and
asked to fixate on a target at 2 meters while the examin-
er made passive unpredictable horizontal head thrusts.
A total of approximately 15 head thrusts were made
in each direction. Bithermal caloric testing was per-
formed to confirm the clinical observation of bilateral
vestibular failure. The position signal of the VOR was
recorded with infrared oculography and head move-
ment measured by a velocity transducer.
The gain of the VOR was defined as the point on the
VOR trace where this was interrupted by an initial sac-
cadic eye movement over the total eye movement in
response to a head impulse. The latency of the initial
catch up saccade was defined as above and calculated
in relation to the point on the velocity signal of head
impulse onset.
Results: All subjects with isolated vestibular failure
or when combined with cerebellar degeneration had ei-
ther absent bithermal caloric tests or caloric slow phase
velocity of less than 6◦/s. The VOR gain of three com-
bined cerebellar vestibular failure patients was similar
to that of four patients with isolated vestibular failure
with a mean VOR gain of 0.31 ± 0.19.
Covert short latency saccades at approximately 100 ms
occurred in both isolated vestibular failure and com-
bined cerebellar vestibular failure patients.
Conclusion: Patients with combined cerebellar vesti-
bular failure can still use compensatory mechanisms to
generate short latency covert saccades during a head
impulse test.

Reference

[1] G.M. Halmagyi and I.S. Curthoys, A clinical sign of canal
paresis, Arch Neurol 45 (1988), 737–739.

PC-91
Clinical characteristics of inferior vestibular neuri-
tis
Yasuhiro Chihara1, S Iwasaki2, T Murofushi3, M
Yagi1, A Inoue2, C Fujimoto2, N Egami2, Munetaka
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Ushio2, S Karino2, K Sugasawa2, Tatsuya Yamasoba2

1Tokyo Postal Services Agency Hospital, Tokyo, Japan
2University of Tokyo, Tokyo, Japan
3Teikyo University School of Medicine, Kawasaki,
Japan

Objectives: Cervical vestibular evoked myogenic
potentials (cVEMPs) have been described as a useful
clinical test for assessing saccular and inferior vestibu-
lar nerve function. Parallel to clinical application of
cVEMPs, several cases suggestive of inferior vestibular
neuritis (IVN) have been reported [1–3]. These cases
presented with sudden onset of vertigo or dizziness,
spontaneous nystagmus, absence of other auditory and
neurological findings, reduced or absent cVEMPs on
one side, but normal caloric responses on both sides.
Because of the paucity of literature on IVN, clinical
features of IVN are still unknown to us. We retro-
spectively reviewed clinical characteristics of patients
with IVN and compared them with those of superior
vestibular neuritis (SVN) and total (superior and infe-
rior) vestibular neuritis (TVN).
Methods: We retrospectively reviewed clinical records
of 1,777 consecutive patients visiting Balance Disorder
Clinic, the University of Tokyo Hospital, from January
2005 to April 2010. Among them, we have diagnosed
104 patients as having vestibular neuritis (VN). Seven-
ty five of the 104 patients were enrolled in this study
due to full documentation. With the results of caloric
testing and cVEMP testing, we classified these 75 pa-
tients into three groups; 1) The patients with IVN who
showed asymmetrical cVEMP responses but symmet-
rical caloric responses, 2) The patients with SVN who
showed asymmetrical caloric responses but symmetri-
cal cVEMP responses, and 3) The patients with TVN
who showed asymmetrical responses both in caloric
and cVEMP testing. We focused on the clinical charac-
teristics of patients with IVN and compared them with
those of SVN and TVN.
Results: Of 75 patients with VN, the number of pa-
tients classified into IVN, SVN, and TVN was 13, 38,
and 24 respectively. The clinical profiles of these 75
patients were summarized in the Table. The mean age
of patients with IVN was significantly smaller than
those of TVN. The duration between first attack and re-
mission of patients with IVN was significantly smaller
than that of TVN. There were no significant differences
in other profiles among the three groups. Some pa-
tients with IVN showed spontaneous nystagmus with
eyes open and/or closed. No patients with IVN showed
benign paroxysmal positional vertigo (BPPV) as a se-
quela.

Conclusions: From the clinical symptoms of patients
suggestive of vestibular neuritis, it was difficult to dif-
ferentiate IVN from those of SVN and TVN. Thus, the
cVEMP testing as well as caloric testing played an im-
portant role for diagnosing those patients. The prog-
nosis of IVN was better than those of TVN and pa-
tients with IVN showed no BPPV during their recovery
period.

References

[1] G.M. Halmagyi, S.T. Aw, M. Karlberg, I.S. Curthoys and M.J.
Todd, Inferior vestibular neuritis, Ann N Y Acad Sci 956 (2002),
306–313.

[2] P. Monstad, S. Okstad and A. Mygland, Inferior vestibular neu-
ritis: 3 cases with clinical features of acute vestibular neuritis,
normal calorics but indications of saccular failure, BMC Neurol
6 (2006), 45.
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Table 1
Profile of 75 patients with vestibular neuritis

PC-92
The action of vestibular signals in suppressing first
trial and habituated reactions in the upper body fol-
lowing postural perturbations
John HJ Allum1, John Allum2, Lars Oude Nijhuis3,
Sharissa Corporaal2, Mark Carpenter4
1University hospital Basel, Basel, Switzerland
2Dept of ORL, University Hospital Basel, Basel,
Switzerland
3Dept of Neurology, Radboud University Medical Cen-
tre, Nijmegen, The Netherlands
4School of Human Kinetics, University of British
Columbia, Vancouver, Canada

Aim: This study examined the contribution of vestibu-
lar signals to upper body responses during the very
first unexpected reaction and subsequent reactions to
sudden support surface perturbations.
Background: Vestibular loss (VL) has been shown to
negatively influence balance control for a series of re-
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peated (habituated) toe-up tilt perturbations of the sup-
port surface by reducing leg muscle and increasing back
muscle activity during automatic postural responses.
However, this effect of VL on postural responses is not
observed in lower-leg and neck muscle responses for
the very first trial. This suggests that VL does not in-
fluence first trial responses (FTRs), rather in VL sub-
jects FTRs have similar amplitude startle-like reactions
to those of healthy subjects. FTRs in healthy subjects
comprise large trunk flexion responses, leading to in-
stability. Thus, it would seem important to determine
how the amplitudes of trunk and arm muscles, and re-
sulting trunk, neck and arm motion are influenced by
VL during startle-like FTRs to balance perturbations.
Studying FTRs in VL subjects, might provide impor-
tant insights into the underlying sensory mechanisms
contributing to FTRs and falls, especially if VL does
not lead to excessive FTRs at the trunk compared to
controls and the instability for the FTR is not different
from that of controls.
Methods: Five subjects with bilaterally absent pe-
ripheral vestibular function and 14 age-matched con-
trols were perturbed, while standing, first unexpectedly
in the pure pitch (toe-up) direction, and then in 8 direc-
tions of pitch and roll support surface rotation 8 times in
random order. Body segment movements were record-
ed with a motion analysis system, head accelerations
with accelerometers, and muscle activity with surface
EMG. We compared the 1st toe-up response with the 8
averaged toe-up responses given randomly.
Results: The characteristic increased trunk flexion of
FTRs was recorded for VL and control subjects. How-
ever, the profiles of trunk pitch were different in VL
and control subjects. VL subjects showed initially a
greater amplitude in trunk flexion at ca 400 ms followed
by a greater reduction to no flexion at 900 ms. Neck
flexion was also greater in VL and control subjects for
the FTR, but, unlike trunk flexion, showed no differ-
ences between test populations for FTRs or habituated
responses. Arm abduction and rotation forwards were
greater in VL subjects for both FTRs and adapted re-
sponses. The resultant CoM profiles showed greater
instability for FTRs and habituated responses for VL
subjects. However, the pelvis AP movement contribut-
ed more to the FTR instability in controls and trunk AP
movement more in VL subjects. Trunk (paraspinals and
gluteus medius) and arm muscle (deltoid, biceps and
triceps) FTR and habituated automatic responses (mea-
surement interval 120–250 ms) were greater in ampli-
tude for VL subjects. Stretch reflexes in soleus (over
40–80 ms) were lower in amplitude in VL subjects. No

differences in EMG response onset latencies for FTRs
were observed between VL and controls. Across trunk
and arm biomechanical and EMG measures, there was
no population difference between the increase of FTRs
compared to habituated respronse.
Conclusions: These results suggest that vestibular
signals act to reduce the amplitude of FTRs and ha-
bituated responses in the trunk and arms, once these
are triggered by proprioceptive signals. This reduction
could act directly on muscle amplitude modulation or
indirectly via the influence of VL on leg proprioceptive
reflexes. Thus, in the absence of vestibular signals,
trunk muscle amplitudes are greater than controls and
lead to greater instability of the trunk for both FTRs and
adapted responses. Evidence for vestibular triggering
of FTRs was not found.

PC-93
Depersonalization and derealization symptoms in
vestibular patients with and without anxiety
Ognyan Kolev1, Spaska Georgieva2

1Medical University – Sofia, Sofia, Bulgaria, Sofia,
Bulgaria
2University Hospital of Neurology, 1113-Sofia, Bul-
garia

Objectives: Depersonalization is an alteration in the
perception or experience of the self so that one feels
detached from, and as if one is an outside observer of,
one’s mental processes or body. Depersonalisation is
usually accompanied by derealisation, the experience
of the external world appearing strange or unreal.
The aim of this study was to investigate (i) is there dif-
ference in depersonalization/derealization (DD) symp-
toms between vestibular patients with and without anx-
iety, (ii) whether the underlying sensory dysfunction
resulted in both anxiety and DD symptoms, or these
DD symptoms were secondary to anxiety.
Subjects and Methods: Routine neurootological ex-
amination was held to evaluate the subjective and objec-
tive vestibular symptoms. All participants in the study
completed: 1) The Human -Anxiety and Depression
Scale (Snaith and Zigmond, 1994); 2) The 28 – item
depersonalisation/derealisation inventory of Cox and
Swinson (2002). According to the results from HADS
test they were divided into three groups: (i) 20 healthy
controls; (ii) 20 patients with peripheral vestibular dis-
ease and (iii) 28 vestibular patients with anxiety.
Results: The number of symptoms and the total score
reported by patients with anxiety were higher than
any other group (Figs 1 and 2). The frequency and
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severity of the reported DD symptoms were signif-
icantly higher on 27 of 28 items (p < 0.05) com-
pared to healthy subjects and on 10 of 28 compared
to vestibular patients without anxiety (p = 0.001).
In the group of vestibular patients with anxiety ap-
peared symptoms which permitted discrimination be-
tween them and the other two groups – “Feel as though
in a dream”, “Body feels numb”, “Feeling of detach-
ment or separation from surroundings”, “Numbing of
emotions”, “Feeling detached or separated from body”,
“Thoughts seem blurred”, “Your emotions seem dis-
connected from yourself”, “Feel confused or bewil-
dered”, “Feel isolated from the world”.
Conclusion: Anxiety modifies depersonalization and
derealization symptoms in vestibular patients.

Fig. 1. Range and mean of the number of symptoms.

Fig. 2. The depersonalization/derealization score.

Poster Session 2 – D. Treatment

PD-94
The comparison of intratympanic steroid injection
and oral steroid therapy for sudden sensorineural
hearing loss
Yong-Soo Park, Eun-ju Jeon, Dong Hyun Kim, Jae
Won Park
Incheon St. Mary’s Hospital, Incheon, South-Korea

Background and Objectives: The aim of this study
was to evaluate the efficacy of intratympanic steroid in-
jection for sudden sensorineural hearing loss (SSNHL)
according to audiometric frequencies and in terms of
inpatient or outpatient care setting by comparing the
results with oral steroid therapy as first line treatment.
Material and Methods: We carried out a retrospective
review of 441 patients with SSNHL, with oral steroid
therapy(OST) or intratympanic steroid(ITS) injection
and with inpatient or outpatient care setting. All cas-
es were classified into four groups. Four groups were
consisted of OST and inpatient care group (OST-in),
OST and outpatient care group (OST-out), ITS and in-
patient care group (ITS-in) and ITS and outpatient care
group (ITS-out). In the OST group, the patients re-
ceived prednisolone orally. In the ITS injection group,
the patient received dexamethasone intratympanically.
In the inpatient care group, the treatment included low
salt diet, carbogen therapy, stellate ganglion block ther-
apy, peripheral vasodilators, dextran and steroid. In the
outpatient care group, the treatment included peripheral
vasodilators and steroid.
Results: The hearing gains were significantly greater
in group of OST-in (16.1 ± 19.2 dB) than in group of
OST-out (11.1 ± 17.7 dB) (P = 0.02) and there were
statistically significant improvement of more than 15%
of speech discrimination score(SDS) (43.2 ± 49.9%)
in ITS-in group than in ITS-out group (24.6 ± 43.4%)
(P = 0.02). But there were no statistically significant
hearing gain when comparing OST-in group to ITS-in
group, OST-out group to ITS-out group or ITS-in group
to ITS-out group. There were no statistically signif-
icant improvement of more than 15% of SDS when
we comparing OST-in to ITS-in, OST-out to ITS-out
or OST-in to OST-out. When comparing ITS group to
OST group, there was no significantly different hearing
gains between two groups.
Conclusion: Intratympanic steroid injections are as
effective as oral steroid therapy for SSNHL. And when
considering the effect of steroid on hearing gain, it
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may be significant better hearing gain in inpatient care
setting rather than outpatient care setting.

PD-95
4-Aminopyridine improves oculomotor and vestibu-
lar function in ataxia-telangiectasia
Sarah Marti1, Aasef Shaikh2, Alexander Tarnutzer1,
Antonella Palla1, Thomas Crawford2, Dominik
Straumann1, David Zee2

1Zurich University Hospital, Zurich, Switzerland
2Department of Neurology, The Johns Hopkins Uni-
versity, Baltimore, USA

Background: Eye-movement abnormalities are com-
mon in ataxia telangiectasia (A-T). These deficits in-
clude spontaneous horizontal and/or vertical nystag-
mus when subjects attempt to hold gaze on the target
of interest, periodic alternating nystagmus (alternately
changing the nystagmus direction; PAN), abnormally
prolonged duration of rotation-induced nystagmus, in-
ability to smoothly track the moving objects, and sac-
cadic intrusions. Impaired gaze stabilization and nys-
tagmus interfere with clear vision. Here we report that
4-aminopyridine (4-AP) – a potassium channel blocker
that is also known to increase the GABA release from
the cerebellar Purkinje neurons, offers a therapeutic
benefit by ameliorating oculomotor phenotype in A-T.
Methods: We quantitatively investigated the effects
of 4-AP on the oculomotor phenotype in four A-T pa-
tients. Specifically we measured (1) the decay time
constant of the compensatory rotation-induced nystag-
mus in complete darkness, (2) the slow-phase eye ve-
locity of the periodic alternating nystagmus in complete
darkness, (3) spontaneous horizontal and vertical nys-
tagmus when patients attempted to fixate gaze on a tar-
get, and (4) saccadic intrusions when subjects attempt-
ed to fixate gaze on a target. These measurements were
performed before and 30 minutes after administration
of one dose of 10mg 4-AP by mouth.
Results: 4-AP shortened the decay time constant of
the rotational nystagmus in two of three A-T patients
(ANOVA; p < 0.05). 4-AP significantly reduced the
maximum slow-phase eye velocity of PAN from 24.7±
4.6◦/sec to 13.4± 2.4◦/sec (ANOVA; p < 0.001) in one
patient and completely abolished it in the other. 4-AP
significantly reduced vertical and horizontal nystagmus
when these subjects attempted to fixate gaze on the
target of interest (One-way ANOVA, p < 0.05). There
was a significant reduction in the amplitude and rate of
saccadic intrusions in one patient (One-way ANOVA,
p < 0.05).

Conclusion: 4-AP ameliorates some aspects of the ab-
normal eye movements in A-T. The effects of 4-AP on
the oculomotor phenotype in A-T could be secondary
to possible increase in the GABA secretion from the
residual Purkinje neurons. However, due to its pre-
synaptic mechanism of action, 4-AP may have limited
benefit in patients with profound loss of Purkinje neu-
rons. The rapid pharmacokinetics of this drug offers an
opportunity to determine quickly the usefulness of this
drug on a case-by-case basis.

Fig. 1.

Fig. 2.
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PD-96
Long-term outcome of benign paroxysmal position-
al vertigo
BK KIM1, Kyung Cheon Chung2

1Eulji Hospital, SeouL, South-Korea
2Kyung Hee Hospital, Seoul, South-Korea

Objectives: Benign paroxysmal positional vertigo
(BPPV) is the most common inner ear disease of ver-
tigo. Despite its familiarity, little is revealed about the
long-term outcome of BPPV and the factors influenc-
ing it. The aims of this study are to elucidate the long-
term recurrence rates of BPPV and to verify the factors
influencing them along with the types of BPPV.
Methods: From January 1999 to June 2007, 680 BP-
PV patients were recruited consecutively at Dizziness
Clinic of Eulji General Hospital. BPPV was defined by
clinical findings of vertigo and the nystagmus evoked
by Dix-Hallpike maneuver or head turning in supine
position. All patients were registered with their demo-
graphic and clinical data, which included age, gender,
type of BPPV, severity of vertigo, dizziness duration,
and general review of potential events, and past med-
ical history. Until 21 June 2007, all the patients re-
cruited were either followed up at dizziness clinic. The
Kaplan-Meier survaival analysis was used for evaluat-
ing the factors which affect long term prognosis, and
multivariate analysis was performed by Cox regression
analysis.
Results: The mean age was 55.7 year old (SD: 13.5),
and female gender took 69.9%. The total recurrence
rate of BPPV was 37%. The 30-day, 1-year, 2-year, 3-
year, and 4-year recurrence rates for those with horizon-
tal canal BPPV (N = 295) were 4.2%, 17.5%, 21.0%,
25% and 29.7%, respectively; and 4.1%, 22.9%, 32.9%,
36.8%, and 42.8% for those with posterior canal BP-
PV (N = 369). The patient with p-BPPV have higher
recurrence rate than those with h-BPPV (p = 0.018 on
Log rank test). Among the risk factors, female gender
and history of prior BPPV history were associated with
the high recurrence rate significantly (p < 0.1) and rep-
resented the significant hazard to the recurrence rate.
In the case of head trauma history, it was correlated
with low recurrence rate, but not low hazard ratio.
Conclusions: BPPV is recurrent in the substantial por-
tion of patients and their majority was occurred within
1year. And p-BPPV was higher recurrence rate than
h-BPPV. Female gender and prior BPPV history were
found to be the factors raised the recurrences.

PD-97
The protective effect of resveratrol on vestibular
hair cells death
Kazuma Sugahara, Takefumi Mikuriya, Yoshinobu Hi-
rose, Yujiro Fukuda, Hideki Toyota, Kenji Takeno,
Makoto Hashimoto, Hiroaki Shimogori, Hiroshi Ya-
mashita
Yamaguchi University, Ube, Japan

Background: Recently, the several reports elucidat-
ed the many kinds of polyphenol could protect tissue
against the stress. Resveratrol is well known as the
polyphenol abundant in grapes. This molecule has
demonstrated reactive oxygen species (ROS) scavenger
activity. In this present study, we studied the effect
of resveratrol on vestibular hair cell death induced by
aminoglycoside.
Objectives: CBA/N mice with normal Preyer’s reflex-
es were used in this study.
Methods: The temporal bones were quickly removed
and the individual vestibular organs were dissected
in medium with sterile technique. Hair cell death
was induced by neomycin. Cultured utricles were
divided to three groups (Control group, Neomycin
group, Neomycin + Resveratrol group). In Neomycin
group, utricles were cultured with neomycin (2 mM).
In Neomycin + Resveratrol group, utricles were cul-
tured with neomycin and resveratrol (100 − 1.0 µM).
Twenty-four hours after exposure to neomycin, the cul-
tured tissues were fixed with 4% paraformaldehyde.
The hair cells were labeled by immunohistochemistry
using anti-calmodulin antibody, and anti-calbindin an-
tibody. The rate of survival vestibular hair cells was
evaluated with the fluorescence microscope. In addi-
tion, we investigated the production of hydroxy radi-
cal by immunohistochemical analysis of 4-hydroxy-2-
nonenal.
Results: The almost hair cells survived for 24 hours in
Control group, though the hair cell death was observed
in Neomycin group. The hair cell death was inhib-
ited in Neomycin + Resveratrol group. The survival
rate of hair cells was significantly more in Neomycin
+ Resveratrol group than in Neomycin group. The
production of ROS by the exposure to neomycin was
inhibited in Neomycin + Resveratrol group.
Discussion: The results indicated that resveratrol pro-
tected the sensory hair cells against neomycin-induced
cell death in mammalian vestibular epithelium. Resver-
atrol was known as the strong anti-oxidant. In addition,
the molecule is derived from a natural plant. Therefore,
resveratrol can be safely used as the protective drug in
the inner ear.
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Conclusion: Resveratrol protected the vestibular hair
cells against the hair cell death induced by aminogly-
cosides.

The density of survived hair cells

PD-98
A much better visual acuity could suppress the mag-
nitude of the nystagmoid oscillation in a case of con-
genital nystagmus
Tomoyuki Okada1, Masahiko Fukasawa1, Makoto
Hyodo1, Manabu Nakamura1, Yasuhiko Tanaka1,
Tadashi Nakamura1, Satoki Ueno2, Izumi Koizuka1

1St Marianna University School of Medicine, Kawasa-
ki City, Japan
2Department of Ophthalmology, St Marianna Univer-
sity School of Medicine, Kawasaki City, Japan

Introduction: Congenital nystagmus (CN) is a com-
mon disorder but its precise incidence mechanism has
not been fully understood. We did cataract surgery and
she subsequently showed remarkable suppress in both
amplitude and frequency of the nystagmoid oscillation,
and improving subjective visual activities. Here we
mention underlying possible mechanism of CN. Re-
port of a Case A 75-year-old female with CN revisit-
ed in our follow-up clinic for complaining of her feel-
ing halos in the evening twilight by car headlamps in
May 26, 2006. Immediately after referring to our oph-
thalmologic division, ophthalmologic findings in June
23, 2006 said as follows:Congenital nystagmus and no
family history; Visual acuity: Vd = 0.09 (0.4×+ 2.5D
= cyl + 0.75D Ax170◦), Vs = 0.1 (0.4 ×+ 1.75D);
Past history: Left-breast cancer (partial mastectomy).
Cataract surgery with lens implantation was carried out
under local anesthesia in August 24 and 31, 2006. Af-
ter the operation, ophthalmologic findings in October
9, 2007 said as follows:Visual acuity: Vd = (0.8p ×
IOL) 1.2p × IOL = + 0.25D = cyl-0.75D Ax10◦) and
Vs = (1.0p × IOL) (1.2 × IOL = + 0.25D = cyl-1.0D

Ax85◦). The magnitude of the nystagmoid oscillation
was suppressed with regard to horizontal component
of the nystagmus after the operation. She now much
feels more confident to walk around the street and do
not notice any adverse effect after the operation.
Discussion: We would like to know the mechanism
why the magnitude of the nystagmoid oscillation was
suppressed in this case. We discussed it and mentioned
two probabilities, which are an altered proprioceptive
input of the eyes and her acquired much better visu-
al acuity, after the operation. The former was easily
rejected, because the weight of the intraocular lens is
lighter than that of the crystal lens. The latter is the most
likely. There can be the fixation mechanism in CN. So,
we tried to prove whether or not the Frenzel’s glass,
which can make a blurred vision and we can fixate out
of focus on the retina by using it, could suppress the
magnitude of the nystagmoid oscillation in this case.
Wearing the Frenzel’s glass and no lens were performed
as the same instruction. Eye movements were recorded
while the patient’s left eye tried to fixate on the exam-
iner’s nose in front of her at the primary position. The
patient’s steady fixation of the right eye was recorded
around one minute by using an infrared CCD camera.
The data were analyzed by a new version of the NIH
Image. Peak to peak range of the horizontal component
was as the magnitude of the nystagmoid oscillation.
Around ten seconds of data during fixation in the light
was measured and compared with each experimental
condition. The magnitude range of nystagmoid oscil-
lation was from 8.49◦ (September 18, 2008) to 18.51◦

(July 8, 2008) with the Frenzel’s glass and 3.05◦ (July
8) to 5.47◦ (September 18) with no lens. According
this, the Frenzel’s glass could not suppress the magni-
tude of the nystagmoid oscillation and we thought her
acquired much better visual acuity could improve her
visual activities. This case can be something special
at the moment. This cataract surgery, if we have got
a bold speculation, could be one of probabilities in the
treatment for CN.

PD-99
Effect of furosemide in patients with Ménière’s dis-
ease.
Hidefumi Yamamoto, Kishiko Sunami, Hideo Yamane
Japan/Osaka-city university, Osaka-City, Japan

Objective: Ménière’s Disease is a clinical syndrome
of the inner ear characterized by episodic vertigo, aural
fullness, tinnitus and sensorineural hearing loss. Al-
though these symptoms can be temporarily reduced by
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conventional medical treatment such as salt restriction,
diuretics and steroids, these symptoms recur at differ-
ent intervals in patients with Ménière’s Disease. For
intractable patients with Ménière’s Disease, intratym-
panic gentamicin injection is performed. Although in-
tratympanic gentamicin injection is effective in con-
trol of vertigo with intractable Ménière’s Disease, some
patients refuse intratympanic gentamicin injection for
reasons of the risk of sensorineural hearing loss and
prolonged disequilibrium. For these patients, we use
furosemide 10-20mg/day. We examined whether use
of furosemide was effective in the control of vertigo
and hearing level in patients with intractable Ménière’s
Disease.
Methods: Twenty-two patients with Ménière’s Dis-
ease were studied. These patients were treated with
conventional medical treatment over six months from
their first visit, and switched medicine from isosorbide
to furosemide for reasons of poor control of vertigo or
hearing symptom. We evaluated vertigo control and
hearing outcome. For evaluation of vertigo control, we
compared the number of episodes of vertigo per month
for 6 months before switched medicine and the num-
ber of episodes per month for 18 to 24 months after
switched medicine. We also compared functional lev-
el scale according to the guidelines of the AAO-HNS
Committee on Hearing and Equilibrium. Auditory ex-
amination was conducted using pure tone average at
frequencies of 125 Hz, 250 Hz and 500 Hz (dB HL) for
evaluation of hearing outcome. We additionally ana-
lyzed hearing at frequencies of 2 kHz, 4 kHz and 8 kHz
(dB HL).
Results: Control of vertigo: Thirteen out of twenty-
two patients (59.1%) had complete or substantial verti-
go control, six out of twenty-two patients (27.3%) had
limited or insignificant vertigo control and three out of
twenty-two patients (13.6%) had worse vertigo control.
Sixteen out of twenty-two patients (72.7%) were im-
proved in the functional level scale, four out of twenty-
two patients (18.2%) does not change the functional
level score and the others were got worse.
Hearing outcome: Hearing levels did not improve af-
ter switched from isosorbide to furosemide in most of
patients.
Conclusions: Although hearing levels were not im-
proved, furosemide was effective in control of vertigo
for the patients with intractable Ménière’s Disease.

PD-100
Postural control and adaptation are influenced by
preceding postural challenges
Fredrik Tjernström1, Mitesh Patel2, Per-Anders
Fransson2, Mns Magnusson2

1Skåne University Hospital, Lund, Sweden
2Lund University Hospital, Lund, Sweden

We investigated the possible consequences of two con-
secutive postural tasks on adaptation. Four groups (to-
tal number of 46 healthy subjects) were perturbed on
two consecutive days with vibration stimulus to Tib-
ialis Anterior or posterior calf muscles, or both in dif-
ferent orders. Postural movements were recorded with
a force-platform. There were three major results; 1)
Tibialis anterior vibration instigated postural adapta-
tion during exposure to the vibration, but did not in-
duce long-term adaptation from day to day, contrary
to posterior calf vibration. 2) The long-term postural
adaptation from day to day when the posterior calf was
vibrated was not affected by prior or subsequent tibialis
anterior vibration, which contrasts to other studies on
motor learning. 3) Exposure to posterior calf vibra-
tion prior Tibialis Anterior vibration, led to changes
of postural strategies and larger amount of torque vari-
ance, implying that postural strategies initiated by the
gastrocnemius vibration were re-employed during the
subsequent tibialis anterior stimulation. This may rep-
resent the formation of an internal model, used as feed-
forward control of posture, possibly consisting of sen-
sory reweighting.
Postural perturbations need to be sufficiently difficult
to withstand, in order to induce long-term learning, and
postural strategies may be transferred between differ-
ent postural challenges if they post different demands.
Clinically, this suggests that exercises designed to reha-
bilitate patients should be sufficiently challenging to in-
stigate learning processes, and spaced in order to avoid
development of inappropriate postural strategies.

PD-101
Prospective analysis of treatment outcomes between
geotropic and apogeotropic type in HC-BPPV
Won-Ho Chung, Hayoung Byun, Hosuk Chu, Il Joon
Moon, Se-Hyung Kim, Gil Joon Lee
Samsung Medical Center, Seoul, South-Korea

Background and Objective: In benign paroxysmal
positional vertigo of horizontal canal (HC-BPPV), dif-
ferences of treatment outcomes between two subtypes
(geotropic and apogeotropic types) have been variably
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reported. In addition, various otolithic repositioning
maneuvers have been suggested for treating these types
of HC-BPPV. In this prospective study, we tried to com-
pare the treatment outcomes between two subytypes of
HC-BPPV and evaluate the efficacy of single otolithic
repositioning maneuver(Barbecue maneuver) using the
videonystagmography (VNG).
Materials and Methods: Fourty nine patients were
included in this prospective study who visited our clin-
ic and diagnosed as HC-BPPV serially from August
2008 to July 2009. They were subdivided into geotrop-
ic and apogeotrpic types according to the direction of
nystagmus induced by positional roll test. Once HC-
BPPV was confirmed, every patient was treated using
barbeque maneuver at the same day. After a week, pa-
tients revisited outpatient clinic and the positional roll
test was performed using VNG. Treatment success was
defined as maximal slow phase velocity was below 2
deg/sec without subjective symptom. If not success-
fully treated, another successive attempt of barbeque
maneuver was performed every week.
Results: Among 49 patients,geotropic type was 23 and
apogeotropic type was 26. In geotropic type, nine cases
(39%) were successfully treated by single maneuver.
However, three patients (13%) needed more than four
times of maneuver. The average numbers of reposition-
ing maneuver was 1.95, and the average of initial slow
phase velocity of nystagmus was 30 (5–78) deg/sec.
On the other hand, in apogeotropic type, 16 patients
(62%) were successfully treated with single maneuver,
and 3 (12%) cases needed more than four. The average
numbers of maneuver was 1.78, however, there was no
statistical difference (p > 0.05). The mean value of the
first slow phase velocity was 18 (7–31) deg/sec.
Conclusion: In this prospective analysis, there were no
significant differences in treatment outcomes between
geotropic and apogeotropic types of HC-BPPV. In ad-
dition, Barbecue maneuver was equally effective for
both types.

PD-102
Treatment of posture and gait disturbance in a pa-
tient with advanced Parkinson’s disease using si-
multaneous PPN and STN DBS
Mohammad J Naushahi1, Pei-Yun Lee2, Peter G Bain1,
Adolfo M Bronstein2, Dipankar Nandi1
1Imperial College Neuromodulation Group, London,
United Kingdom
2Imperial College Neuro-otolgy Unit, London, United
Kingdom

Objective: To report on the preliminary kinematic
findings of simultaneous bilateral subthalamic nucleus
(STN) and pedunculopontinenucleus (PPN) deep brain
stimulation (DBS) treatment for posture and gait dis-
turbance in a patient with advanced Parkinson’s disease
(PD).
Background: As PD progresses, many patients de-
velop axial motor symptoms of postural dysfunction
and gait problems which are generally drug resistant.
DBS of the STN is the current surgical method of treat-
ing these patients. Stimulation of this area has been
shown to improve the cardinal symptoms of PD but has
been less effective in treating the axial motor symptoms
[Mov Disord, 2004. 19(9): 1092–1099; Clin Neurol
Neurosurg, 2006. 108(5): 461–464]. It has recently
been shown however, that a combination of bilateral
stimulation of the STN and PPN may improve both the
cardinal symptoms of PD and the axial motor symp-
toms [Brain, 2007. 130(Pt 6):1596-607; Brain, 2010.
133(Pt 1): 205–14]. Unilateral PPN stimulation has
also been shown to improve falls in PD [Brain, 2010.
133(Pt 1): 215–224].
Methods: A 56-year-old, right-handed man with ad-
vanced idiopathic PD of 8-years duration and history
of freezing of gait, postural instability, marked “Off”
akinesia and “On” dyskinesia underwent simultaneous
bilateral STN and PPN DBS implantation. With the
patient in half “Off”-half “On”medication state, gaze
displacement and inter-segmental co-ordination during
large whole body voluntary rotations [Exp Brain Res,
2009. 193(3): 323–336] were analysed during bilateral
STN and PPN DBS.
Results: Successful simultaneous implantation of bi-
lateral STN & PPN electrodes was confirmed on post-
operative stereotactic imaging. On DBS of STN at 2.5
V, 130 Hz, 60 microseconds and PPN at 2.0 V, 20 Hz,60
microseconds, the following kinematic improvements
were noted: 15% & 62% reduction in trunk & feet la-
tencies respectively, 54% & 302% increase in trunk &
feet velocities respectively, 60% reduction in the num-
ber of steps needed and 93% increase in the fraction
of the desired angular displacement achieved with the
first step (all p < 0.01).
Conclusion: Simultaneous bilateral STN and PPN
DBS offer the possibility of ameliorating both the car-
dinal and the axial motor symptoms in advanced PD.
The motor paradigm adopted [Exp Brain Res, 2009.
193(3): 323–36] provides objective evidence of perfor-
mance changes in the relevant axial motor segments.
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PD-103
Influence of occlusal splints on equilibrium function
Hiroyuki Ito, Yasumasa Ito, Yumiko Kunimi, Mitsuru
Asanuma
Kanagawa Rehabiliation Hospital, Atsugi, Japan

We present a patient with prolonged dysequilibrium af-
ter total extraction of an acoustic tumor, whose dyse-
quilibrium was improved by occlusal splints and phys-
ical therapy. We also discuss the influence of occlusal
splints on posture and equilibrium function.
The patient was a sixty-year-old woman who had un-
dergone total extraction of an acoustic tumor with a di-
ameter of 18mm. After the tumorectomy, she suffered
from dizziness. hough drug therapy was performed,
the dizziness did not improve. No psychiatric diseases
were found. She consulted us 2 years and 3 months
after the operation. Her chief complaint was dizziness
while walking. When she walked with someone, she
unconsciously held on to a sleeve of the person she was
walking with. She was diagnosed as having temporo-
mandibular joint disorder. An occlusal splint was put
on and physical therapy was simultaneously performed.
Two months after the treatments her dizziness disap-
peared and she became able to walk without holding
on to other person’s. Her improvement in equilibrium
function was objectively proved by posturography and
gait analysis.
In conclusion, occlusal splints have an influence on
postures and equilibrium function in some patients with
physical dysfunction. Temporomandibular joint disor-
ders have the possibility of preventing compensation
for equilibrium dysfunction. In rehabilitation for equi-
librium dysfunction medical measures to deal with the
causes of decompensation are required.

PD-104
3D angular vestibulo-ocular reflex adaptation to
chronic motion-modulated multichannel prosthetic
stimulation of semicircular canal ampullary nerves
Charles C. Della Santina, Chenkai Dai, Gene Fridman,
Bryce Chiang, Natan Davidovics
Johns Hopkins School of Medicine, Baltimore, USA

We have previously demonstrated that prosthetic elec-
trical stimuli delivered to bilaterally vestibular-deficient
animals using the Johns Hopkins Multichannel Vestibu-
lar Prosthesis (MVP) can partially restore the normal
3-dimensional angular vestibulo-ocular reflex (aVOR).
However, spurious stimulation of nontarget axons due
to current spread distorts in the vestibular nerve acti-

vation pattern, resulting in misalignment between the
actual axis of head rotation (detected by MVP sensors)
and perceived axis of rotation (as indicated by the axis
of the aVOR eye movement response). Optimization
of electrode design, surgical technique and stimulus
timing have achieved eye movement responses that are
better aligned with the axis of head rotation, and vector
compensation of residual 3D misalignment can further
improve results (see Chiang et al.; Davidovics et al.;
Fridman et al.; this conference). Nonetheless, some
residual error in the vestibular nerve activation pattern
is unavoidable. We hypothesized that over time, cen-
tral nervous system (CNS) plasticity mechanisms that
mediate cross-axis adaptation in otherwise normal an-
imals will adapt to the distorted signals as needed to
correct residual misalignment.
To test this hypothesis, we examined the changes in
aVOR response misalignment over the first week of
MVP use in 5 chinchillas rendered bilaterally vestibu-
lar deficient via gentamicin treatment and canal plug-
ging prior to unilateral implantation of intralabyrinthine
electrodes in each of the 3 left semicircular canals
(SCC). Prosthesis circuitry was securely affixed to the
top of the head of each chinchilla and connected to elec-
trodes through a percutaneous connector. 3D aVOR
responses during head rotation in darkness about each
of the three SCC axes were measured on the 1st, 3rd
and 7th day after MVP activation using 3D video-
oculography. We used 3D aVOR axis as a proxy for
perceived axis of head rotation.
On the first day after prosthesis activation, the
dominant-component aVOR gain in response to 50◦/s
peak sinusoidal head rotation at 2 Hz about the hori-
zontal, left-anterior/right-posterior (LARP) and right-
anterior/left-posterior (RALP) SCC axes ranged from
0.13–0.55, which agrees with the normal chinchilla
aVOR gain. However, significant misalignment (range:
31–47◦) was observed between the perceived (i.e.,
aVOR) and actual head rotation axes. After 3 days of
wearing the prosthesis, gain for the desired component
remained approximately constant as compared to the
first day, but reduction in off-axis response components
resulted in a decrease of misalignment (range: 25–
33◦). When the animals were tested on the 7th day, the
desired component gain remained constant or slightly
increased, while off-axis components and overall mis-
alignment further decreased (range: 12–25◦).
We conclude that the CNS cross-axis adaptation mech-
anisms can be relied upon to improve the alignment of
aVOR responses – and presumably head movement per-
cepts – during chronic use of a multichannel vestibular
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prosthesis. Topics of interest for future study include
the dependence of this process on the extent of initial
misalignment, long-term outcomes of axis adaptation,
impact of visuo-vestibular training paradigms similar
to vestibular rehabilitation exercises in clinical use, and
the resolution of conflicts between head rotation axis
as encoded by the two vestibular nerves.
Supported by NIDCD R01-DC009255,R01-DC002390,
F32-DC009917 and F31-DC010099

PD-105
The clinical features of vertigo with psychogenic ori-
gin
Yasuhiko Takei, Masahiro Morita, Noyuki Kohno
Kyorin University Hospital, Tokyo, Japan

Introduction: Of the 694 patients who had visited the
author’s outpatient clinic during two years and nine
months in our university hospital, 21 patients had also
visited psychiatric clinic at once. Furthermore there is a
possibility that patients with vertigo with psychogenic
origin might exist even in the patients suffering from
vertigo whose pathogens were not clear.
Objectives: The aim of the present study is to clarify
the clinical features of vertigo with psychogenic origin,
and to distinguish vertigo with psychogenic origin in
order to give them immediate and proper treatment.
Subjects and Methods: Out of 694 who had visit-
ed the author’s vertigo clinic, 21 patients who were
supposed to have psychogenic origin were analyzed of
their clinical findings; 1) the features, duration, fre-
quency of vertigo, 2) the complaints besides vertigo,
3) the outcomes of the questionnaire related to anxiety
and depression, 4) the situations in which the vertigo
often arise, 5) the contradiction between symptoms and
examinations, and 6) the course their vertigo.
Results: The clinical ferture seen in the patients with
vertigo of psychogenic origin were, 1) this disease most
frequently affects females in their 20th, 30th, and 40th
years. 2) this disease were frequent in patients with
anxiety disorders and with depression, 3) dizzy or float-
ing sensation were most frequent followed by rotating
vertigo, 4) the patients often complained symptoms be-
sides vertigo, especially related to digestive organ such
as nausea or vomiting, loss of motivations, or numb-
ness, 5) nystagmus were not seen even when the pa-
tients complain vertigo, 6) fainting or positional vertigo
were frequent, 7) vertigo arose in the specific condition,
such as always they were in the tram, 8) the patients
felt better when they walked or run compared to when
they sat still.

Discussion: We have to treat patients with psychiatric
procedures when we see the clinical features such that
were mentioned above in the vertigo patients.

PD-106
Design and performance of a multichannel vestibu-
lar prosthesis that restores semicircular canal sen-
sation in rhesus monkey
Charles C. Della Santina, Bryce Chiang, Gene Frid-
man, Chenkai Dai
Johns Hopkins School of Medicine, Baltimore, USA

In normal individuals, the vestibular labyrinths sense
head movement and mediate reflexes that maintain sta-
ble gaze and posture. Bilateral loss of vestibular sen-
sation causes chronic disequilibrium, oscillopsia, and
postural instability. We have previously described a
multichannel vestibular prosthesis (MVP) intended to
restore modulation of vestibular nerve activity with
head rotation (Della Santina, Migliaccio and Patel,
2007). Although that device has been successful in
partially restoring the 3-dimensional angular vestibulo-
ocular reflex (3D aVOR) in chinchillas rendered bilater-
ally vestibular-deficient via intratympanic gentamicin
and surgical plugging of semicircular canals (SCC), its
relatively large thickness (∼ 11 mm) and high pow-
er consumption constrained its use for chronic in vivo
studies of device performance.
Here we describe a new version of the Johns Hopkins
MVP, which incorporates many improvements over
previous prototypes. Like the prior MVP1 design, the
MVP2 comprises motion sensors to measure rotation,
a microcontroller to calculate pulse timing, and stim-
ulator units that deliver constant-current pulses to mi-
croelectrodes implanted in the labyrinth. However, the
MVP2 also incorporates multiple enhancements, in-
cluding: a 50% decrease in implant thickness, a 50%
decrease in power consumption (and corresponding
doubling of battery life), sensors for 3D gravitoinertial
acceleration, a new microelectrode array design meant
to simplify implantation and reliably achieve selective
nerve-electrode coupling, multiple current sources that
confer ability to simultaneously stimulate on multiple
electrodes, and circuitry for in vivo measurement of
electrode impedances.
We evaluated the performance of this device through
in vitro bench-top characterization and in vivo phys-
iological experiments with a rhesus macaque mon-
key. As expected, the device partially restored the nor-
mal 3D aVOR in a rhesus monkey rendered bilaterally
vestibular-deficient via intratympanic gentamicin and
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SCC plugging. Preliminary experiments exploring the
use of a tripolar electrode configuration demonstrated
improved performance (i.e., higher response amplitude
for a given degree of response misalignment) over that
achieved with the bipolar configurations to which the
MVP was effectively limited.
While production of an MVP appropriate for clinical
deployment will likely require further reduction in de-
vice size and power consumption, hermetic encapsu-
lation, and other additional enhancements, the MVP2
provides an excellent platform for neurophysiologic
and behavioral studies requiring chronic multichannel
electrical stimulation of the vestibular nerve in nonhu-
man primates.
Supported by NIDCD R01-DC009255,R01-DC002390
and F32-DC009917.

PD-107
Vestibulo-ocular reflex responses to a multichannel
vestibular prosthesis incorporating a 3D coordinate
transformation for correction of misalignment
Charles C. Della Santina1, Gene Fridman1, Natan
Davidovics1, Chenkai Dai1, Americo A. Migliaccio2

1Johns Hopkins School of Medicine, Baltimore, USA
2Prince of Wales Medical Research Institute, Sydney,
Australia

We have previously shown that prosthetic electrical
stimuli delivered to bilaterally vestibular-deficient an-
imals using the Johns Hopkins Multichannel Vestibu-
lar Prosthesis (MVP) can partially restore the nor-
mal 3-dimensional angular vestibulo-ocular reflex (3D
aVOR). However, spurious stimulation of nontarget ax-
ons due to current spread distorts in the vestibular nerve
activation pattern, resulting in misalignment between
the actual axis of head rotation (detected by MVP sen-
sors) and perceived axis of rotation (as indicated by
the axis of the aVOR eye movement response). Op-
timization of electrode design, surgical technique and
stimulus timing has achieved eye movement responses
that are better aligned with the axis of head rotation
(see Chiang et al.; Davidovics et al.; this conference).
Nonetheless, residual errors in the vestibular nerve acti-
vation pattern and resulting 3D aVOR response axis un-
avoidably occur. We hypothesized that the electrically-
evoked aVOR is sufficiently linear that a standard lin-
ear algebraic orthogonalization approach can correct
for residual 3D misalignment through “vector precom-
pensation” of stimuli.
To test this hypothesis, we examined 3D aVOR re-
sponses of four chinchillas implanted unilaterally with

vestibular prosthesis electrodes after intratympanic
gentamicin and semicircular canal plugging resulting
in bilateral vestibular areflexia. We first examined the
relationship between aVOR response amplitude and
stimulus intensity (SI, equal to depth of pulse frequency
modulation after piecewise-linear transformation from
MVP gyro sensor inputs to instantaneous pulse rate of
symmetric biphasic current pulses, expressed as a per-
centage of the maximum expected gyro angular veloc-
ity [300/◦s]). This relationship was nearly linear over
the range examined, with R2 >0.93 for linear fits to
data.
We then examined 3D aVOR responses to “raw” pros-
thetic stimuli (i.e., without vector precompensation)
encoding 65 different head rotation axes, and found
misalignment error of 27.5 ± 14.4◦ (mean ± SD) for
50% SI stimuli. Desired and actual 3D aVOR response
axes for each of the 65 different stimulus combinations
were then used to compute a precompensation matrix
using QR decomposition. After vector precompensa-
tion, misalignment decreased to 16.5 ± 9.6◦. The pre-
compensation approach also effectively normalized re-
sponse velocity across all axes tested. For each animal,
misalignment and velocity errors were lower with prec-
ompensation than without for every SI examined. This
reduction in error was more pronounced for higher SI
stimuli representing faster head rotations.
Our observations confirm that the prosthetically evoked
3D aVOR exhibits linearity and vector summation to
sufficient extent that a vector precompensation strate-
gy incorporating a linear coordinate system transfor-
mation derived from desired and measured responses
to a priori stimuli can significantly correct misalign-
ment of eye movement responses (and presumably of
head movement percepts) that would otherwise occur
due to current spread beyond the intended nerve target.
This optimal transformation, which effectively encodes
both reorientation and rescaling of stimulus intensities,
significantly corrected both the axis and amplitude of
eye rotational velocity. Incorporating this correction
allowed us to maintain 3D aVOR alignment while re-
liably achieving larger peak eye movement response
velocities than we and others have reported previously.
Responses to unilateral prosthetic stimulation exhibited
excitation-inhibition asymmetry before and after prec-
ompensation, but the degree of asymmetry was similar
to responses of animals with a single normal labyrinth
experiencing natural head rotation stimuli.
In the work presented here, we focused on creating a
single compensation matrix based on best-fit whole cy-
cle sinusoids. It may be possible to reduce error fur-
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ther by incorporating different precompensation matri-
ces that depend on the sense and magnitude of head
rotation. Whether this or other more computationally
intensive strategies is necessary will depend on the de-
gree to which central nervous system adaptive mecha-
nisms can correct for residual 3D aVOR errors during
chronic MVP use (Dai et al., this conference).
Supported by NIDCD R01-DC009255,R01-DC002390,
F32-DC009917 and F31-DC010099.

PD-108
Effects of biphasic current pulse frequency, ampli-
tude, duration and interphase gap on eye movement
responses to prosthetic electrical stimulation of the
vestibular nerve
Charles C. Della Santina, Natan Davidovics, Gene Frid-
man, Bryce Chiang
Johns Hopkins School of Medicine, Baltimore, USA

We have previously demonstrated that prosthetic elec-
trical stimuli delivered to bilaterally vestibular-deficient
animals using a multichannel vestibular prosthesis
(MVP) can partially restore the normal 3-dimensional
angular vestibulo-ocular reflex (3D aVOR). However,
the optimal stimulus encoding strategy for such a de-
vice is not yet known.
We investigated effects of varying biphasic current
pulse frequency, amplitude, duration and interphase
gap on 3D aVOR eye movements measured using
video-oculography in chinchillas. Increasing pulse fre-
quency increased response amplitude while maintain-
ing a relatively constant axis of rotation. Increasing
pulse amplitude (tested range 0–325µA) also increased
response amplitude but spuriously shifted eye move-
ment axis, probably due to current spread beyond the
target nerve. Shorter pulse durations (tested range 28–
340 µs) required less charge to elicit a given response
amplitude and caused less axis shift than longer dura-
tions, apparently because shorter pulse duration stimuli
result in more spatially selective excitation of the tar-
geted ampullary nerve. Varying interphase gap had no
significant effect over the range examined (25–175 µs).
Although the specific values reported herein depend on
microanatomy, electrode location and degree of neu-
ral survival in each case, qualitative aspects of these
findings will likely hold true across species, including
humans. We conclude that pulse frequency modulation
(PFM) with short duration biphasic pulses should form
the foundation for further optimization of stimulus en-
coding strategies for vestibular prostheses intended to
restore sensation of head rotation. Modulation of pulse

amplitude carries a greater tendency to elicit misalign-
ment (due to current spread beyond the target ampullary
nerve) but may offer benefit as an adjunct to PFM for
modulating afferent activity during low velocity head
rotations.
In light of experience with optimization of cochlear im-
plant performance, restoration of stable gaze and pos-
ture in individuals disabled by loss of vestibular sensa-
tion will likely require some combination of timing op-
timization and other approaches, such as improvements
in electrode design, multichannel vector correction of
misalignment and rehabilitative paradigms that enlist
central nervous system mechanisms of cross-axis adap-
tation (see Chiang et al.; Fridman et al.; Dai et al.; this
conference). Efforts at further optimization of stimulus
encoding protocols would benefit from complementing
the 3D eye movement assay with direct measurement of
single-unit activity in proximal vestibular nerve fibers,
which might also help characterize differential effects
of biphasic current pulse stimulus trains on fibers with
different baseline discharge regularity.
Supported by NIDCD R01-DC009255,R01-DC002390,
F31-DC010099 and F32-DC009917.

PD-109
Galvanic stimulation associated to vestibular reha-
bilitation to treat unilateral peripheral vestibular
lesions
Sergio Carmona, Guillermina Pianetti, Antonella Fer-
rero
INEBA, Buenos Aires, Argentina

Introduction: We studied the results of the Vestibular
Rehabilitation (VR, using Susan Herdman protocol)
plus Galvanic Stimulation (GS) in comparison with
conventional VR.
Material and Methods: We studied 59 patients with
unilateral peripheral vestibular lesions, divided in three
groups: 1) 14 patients received conventional VR plus
5 sessions of GE: 1 minute stimulation 2 mAmp, in the
mastoid. The direction of the stimulation was opposite
of the body sway. 2) 5 patients received conventional
VR and a sham protocol of GE: mastoid stimulation
like the group one in two sessions and stimulation over
the shoulder in three sessions, 3) 40 patients received
only conventional VR.
The criteria of improvement were: a) reduction of
the body sway in degrees, 2) subjective improvement
through a questionnaire and 3) the total time of reha-
bilitation.
Results: 1) In the group 1 65% showed improvement
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2) In the group 2 100% showed improve
Both group compared against the group 3 of conven-
tional VR
Discussion: Even when the best results were obtained
in the sham group and could be due to a placebo effect,
the patients who received GS had a reduction of a 20%
in average of the total time of VR and the highest level
of subjective improvement, 90% in average.
Conclusion: GS associated to VR could be useful in
reduce the time necessary to reach the goals of the VR
in unilateral peripheral vestibular syndromes.

Poster Session 2 – E. Epidemiology

PE-110
The clinical characteristics and treatment outcome
of post-traumatic BPPV
HK Song
KangDong Sacred Heart Hospital, Seoul, South-Korea

Objectives: Head trauma is the most common cause of
secondary form of benign paroxysmal positional ver-
tigo (BPPV). However, little is known about clinical
features and treatment outcomes of BPPV. We evalu-
ate the clinical characteristics, response to treatment,
short-term and long-term outcomes of post-traumatic
BPPV.
Methods: We included 779 consecutive patients (mean
age was 55.8 ± 14, female was 71%) with BPPV diag-
nosed by history of vertigo and positioning test. Post-
traumatic BPPV was defined by onset of positional ver-
tigo within 14 days of head trauma. 48 patients (6.1%)
were diagnosed as post-traumatic BPPV. Mean age was
52.0 ± 14 years old and 67% were female. We com-
pared site of canal involvement, head trauma type, re-
sponse to canalith repositioning maneuvers and recur-
rence rate between idiopathic and post-traumatic BPPV
groups.
Results: Although there seems to be higher proportion
of bilateral involvement(4.2% vs 0.8%), younger (52
years old vs 56 years old) and lack of female dominance
(67% vs 71%) in the t-BPPV group, there was no sta-
tistical difference. The most common causes of head
trauma were falling down followed by car accident and
blow to the head. Cure rates by 1 week were not differ-
ent between two groups (91.7% vs 92.3%) All patients
were treated successfully by repositioning maneuver or
remitted spontaneously within 1 month. Recurrence
occurred in 7 patients during the mean follow-up pe-

riods of 21.9 month. Short term recurrence rates be-
tween two groups were not different (12.0% vs 12.5%).
However 3 year recurrence rates were significantly dif-
ferent between two groups (18.9% vs 40.3%). Factors
related with recurrence were severity of head trauma.
Conclusions: Post-traumatic BPPV consist of 6.1%
of all BPPV. There was no difference in response to
repositioning maneuver and early recurrence rate be-
tween two groups. However, long-term outcome of
post-traumatic BPPV was favorable.

PE-111
A research of disquilibrium disease at department
of neurotology, Kitasato University Hospital
Hiroyuki Makino1, Hideaki Naganuma2, Atsushi
Ochiai2, Kouji Tokumasu2, Makito Okamoto2

1Kitasato Univ., Kanagawa, Japan
2Kitasato University School of Medicine, Kanagawa,
Japan

Objectives: To investigate in the changes of incidence
in each disequilibrium disease at Department of Neu-
rotology, Kitasato University Hospital from 2004 to
2009.
Methods: The age, sex ratio, diagnosis, underlying
disease and therapeutic methods in the patients, who
were followed up in the outpatient clinic from 2004 to
2010, were evaluated.
Results: The total number of the patients in the out-
patient clinic was slightly increased and the average
of patient’s age was obviously older than before. The
number of patients having the disorders in central ner-
vous system was decreased. However, one who has the
disorders in peripheral vestibular apparatus was signifi-
cantly increased. Especially, the number of the patients
having Meniere’s disease was significantly increased.
Conclusions: At the outpatient clinic, the number of
Meniere’s disease was significantly increased due to
the referral of Meniere’s disease patients to our outpa-
tient clinic. By conducting hydration therapy (every
day, restricted water intake 35ml/kg/day) for Meniere’s
disease, the result proves that the good therapeutic re-
sults are able to reduce vertigo attack and especially
improve hearing in Meniere’s disease.
It was considered that diagnostic imaging such as mag-
netic resonance imaging (MRI) was carried out in early
stage of disease. The central balance disorders were
diagnosed before the patients were referred to the de-
partment of neurotology. Therefore, in recent several
years, the number of the disequilibrium patients with
central nervous system disorder was decreased.
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Poster Session 2 – F. Ageing and Balance

PF-112
Postural deficiency in intellectually disabled adult
with vestibular impairment
Eli Carmeli1, Oz Zur2
1Tel Aviv University, Tel Aviv, Israel
2Vertigo and Balance Disorders Center, Raanana, Is-
rael

Background and Aims: Falls probability increases
with age. Impaired balance in older adults with Intel-
lectual Disability (ID) presents a special challenge to
the health care system. Older adults generally serve
as subjects of many researchers aimed to identify ex-
trinsic and intrinsic factors related to falls. Methods:
Cross-sectional study. A sample of 29 participants (age
range of 34 to 57 years, mean 48.6 ±, 16 males, 13
females) was chosen randomly from permanent fos-
ter home. The selected participants, excluded mini-
mal loss of visual acuity, able to verbally communicate,
lived at least 5 years in the foster home, were well fa-
miliar with their care-takers and independent with all
activities of daily life (ADLs). The research included 2
phases: Phase 1 was dedicated to Vestibular Ocular Re-
flex (VOR) tests (Static and Dynamic Visual Test (VAT-
S/D) and Head Impulse Test (HIT)) and Phase 2 was
dedicated the Sensory Organisation Test (SOT) by the
Computerized Dynamic Posture-Graph (CDP) system.
Results: In phase one, 8 participants of the 29 (27.6%)
had a positive VOR test. In phase two, 7 participants
of the 8 with positive VOR (88%) had a positive SOT
test. Conclusions: VOR screening tests succeeded to
detect participants with balance impairment. Almost
30% of the sample population had balance deficiencies
and therefore there is a strong motivation to define the
source of the impairment. It will be interesting to find
out if this source is age related or ID related, because
if the later is true, then we will expect to find these
symptoms in younger participants as well.

PF-113
Effect of vision, proprioception and the position of
the vestibular organ on postural sway
Eva Ekvall Hansson, Anders Beckman, Anders (de-
ceased) Håkansson
Lund University, Malmö, Sweden

Objective: To investigate how postural sway was af-
fected by provocation of vision, by the position of the

vestibular organ and by provocation of proprioception,
when measured together.
Method: There were 30 subjects in the study, 25 wom-
en and 5 men, all healthy adults between the ages of
21 and 59 (SD 12 years). They were 156 to 198 cm
(SD 9.8 cm) tall. All subjects had normal range of mo-
tion in the neck, normal vestibular function and had no
problems with dizziness, pain, dizziness or decreased
range of motion in the lower extremities. All had nor-
mal vision, some of them after correction with glasses
or lenses.
Postural sway was measured by using a force plate. On
the basis of the vertical force signals from each corner
of the platform, the system calculated mean speed of
the movement of centre of pressure (CO) in mediolat-
eral (ML) direction as well as in anteriorposterior (AP)
direction (mm/s). Sway area (SA) (mm2/sec) was also
measured. Tests were performed with eyes open and
eyes closed, with head in neutral position and rotated
to the right and to the left and with head maximally
extended, both standing on firm surface and on foam.
Mean values and standard deviations were calculated
for each measure. Due to the fact that the observations
are repeated measures within the same subject, there is
dependence between measurements. Therefore, when
comparing the different measures and to correct for this
deviation from the pre-requisites for a traditional re-
gression model, we used a multilevel approach, where
a correction for dependence is built into the model.
Results: Measures of mediolateral (ML) speed
(mm/sec), anteriorposterior (AP) speed (mm/sec) and
sway area (SA) (mm2/sec) were analysed using multi-
level approach.
This revealed a significant influence of how the postu-
ral sway was affected by closed eyes, standing on foam
and by the position of the vestibular organ. Closed
eyes and standing on foam both significantly prolongs
the dependent measurement, irrespective if it is ML,
AP or SA. However, only AP and SA were significant-
ly affected by vestibular position, i.e. maximal head
movement to the right and extension of the head.
Conclusion: It seems that vision and proprioception as
well as position of the vestibular organ affect postural
sway, vision the most. The position of the vestibular
organ seems to affect postural sway the least.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


