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OPO1: Clinical vestibular testing
VEMP (1)

OP01-1 - Role of oVEMP and cVEMP
tests in relation to oscillopsia

7. Clinical Testing for Vestibular Function

Shuo-Yen Hsu'

Yi-Ho Young'

! Department of Otolaryngology, National Taiwan
University Hospital, Taiwan

Purpose: The term oscillopsia means a symptom of
jumbling eye movements, manifested as blurred vi-
sion when walking or running. It occurs primarily
from loss of vestibulo-ocular reflex (VOR) or ocular
oscillations. This study investigated whether ocular
and cervical vestibular-evoked myogenic potential
(oVEMP and cVEMP) tests related to the occur-
rence of oscillopsia.

Methods: From 2012 to 2017, 26 patients with
caloric areflexia on both ears underwent dynamic
visual acuity (DVA) test subsequently. Half of them
who had oscillopsia and failed to pass the DVA test
were assigned to Group A, including 9 males and 4
females, with mean age of 67 years. The remaining
13 patients without oscillopsia and passed the DVA
test were assigned to Group B, consisting of 5 men
and 8 women, with mean age of 64 years.

Results: Groups A and B did not significantly differ
in the abnormality rates of pursuit, saccade, optoki-
netic nystagmus, and caloric tests. Likewise, Rom-
berg quotients of sway area on foam posturography
were 1.96 and 2.36 in Groups A and B, respectively,
exhibiting non-significant difference. For the
oVEMP test, 81% vs. 85 % abnormalities, no sig-
nificant difference was identified between the two
groups. However, Group A (96%) had significantly
higher cVEMP abnormality than Group B (65%).

Conclusions: In patients with VOR loss, oscillopsia
may occur depending on whether compensatory eye
movements arise or not. In such condition, presence
of cVEMP, but not oVEMP, may help compensate
VOR loss via cervico-ocular reflex.

OPO01-2 - Ocular and cervical VEMPs to
air conducted sound and bone
conducted vibration in Meniere’s
Disease

7. Clinical Testing for Vestibular Function

Leonardo Manzari'

Maria Sofia Manzari', Domenico Graziano’,
Giulio Dehesh’

'MSA ENT ACADEMY CENTER CASSINO

Purpose: In definite Meniere’s Disease, to
investigate Air Conducted Sound and Bone
Conducted Vibration results in cervical evoked
myogenic potentials recorded over contracted SCM
and ocular evoked myogenic potentials recorded
beneath both eyes while the subjects is looking up

Methods: 50 definite Meniere’s Disease were tested
at MSA ENT clinic in Cassino (Italy) using a hand-
held Bruel & Kjaer 4810 minishaker for BCV stimu-
lation. Surface EMG electrodes beneath both eyes
were used, to record oVEMP n10 and over SCM, to
record cVEMP p13-n23. The stimulus BCV at Fz of
the skull were tone bursts at 500 Hz, the stimulus
ACS were tone bursts at 500 — 750 and 1000 Hz. 40
healthy subjects were tested in the same paradigm.

Results: In 50 patients with Meniere’s Disease, the
nl0 responses to ACS and Fz BCV showed results
that appear to show dissociation between ACS and
BCV stimulation.In response to ACS stimuli MD
patients showed aberrant results; i.e. in some pa-
tients there was no detectable oVEMP n10 to 500Hz
ACS, although oVEMP nl10 was clearly present to
500Hz Fz BCV stimulation. ACS p13 —23 to 500 Hz
— 750 Hz — 1000 Hz are absent or reduced over the
ipsilateral SCM. This may reflect a change in fre-
quency tuning to ACS stimuli since the n10 to ACS
stimulation was absent to 500Hz but present to
750Hz (mainly) or 1000 Hz.

Conclusions: The dissociation between the results
to BCV as opposed to ACS stimulation may be due
to changes in the endolymph volume. These results
are due also to different route of stimulation.
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OPO01-3 - Eliciting ocular VEMPs by
first order bone vibration and second
order resonance effect

7. Clinical Testing for Vestibular Function

Kuei-You Lin'

Te-Huei Yeh?, Fu-Shan Jaw?, Yi-Ho Young’

! Institute of Biomedical Engineering, National
Taiwan University, Taipei, Taiwan; Department of
Otolaryngology, Shin Kong Wu Ho-Su Memorial
Hospital, Taipei, Taiwan

2 Department of Otolaryngology, National Taiwan
University Hospital, Taipei, Taiwan

3 Institute of Biomedical Engineering, National
Taiwan University, Taipei, Taiwan

Purpose: This study investigated ocular vestibular-
evoked myogenic potential (0VEMP) tests via Fpz
and Fz taps to assess the role of the frontal sinus in
mediating oVEMP elicitation.

Methods: Forty healthy subjects and 80 patients
with Meniere’s disease (MD) underwent a series of
oVEMP tests via a minishaker tapping at the Fpz and
Fz sites in a randomized order. Response rates of
oVEMP test via various tapping sites were com-
pared. Dimensions of the frontal sinus were mea-
sured via CT scan.

Results: A significantly negative correlation be-
tween the age and height of the frontal sinus was
noted, and the cutoff age for discriminating present
and absent Fpz oVEMPs in MD patients was 52
years. Additionally, oVEMPs by Fpz tapping were
more efficiently presented in males than females,
likely because of greater resonance by the larger
height of the frontal sinus in males (3.88 £0.68 cm)
than females (3.42 £0.67 cm).

Conclusions: The height of the frontal sinus acts in
mediating the elicitation of oVEMPs. The oVEMPs
could be easily elicited by the first order bone vibra-
tion (Fpz/Fz tapping) coupled with the second order
resonance effect (a high extent of frontal sinus).
Thus, initial tapping at the Fpz site is suggested. If it
fails, try the Fz site for screening the oVEMPs.

OP01-4 - Temporal Dynamics of Eye
Movements Elicited by Combined
Otolith and Semicircular Canal
Stimulation

26. Vestibular Prosthesis

Margaret Chow!'

Kristin Hageman', Dale Roberts’, Charles Della
Santina’

! Johns Hopkins School of Medicine, Department
of Biomedical Engineering, USA

2 Johns Hopkins School of Medicine, Department
of Otolaryngology - Head and Neck Surgery, USA

Purpose: Efforts to develop a vestibular prosthesis
have primarily focused on stimulation of the SCCs;
however, the otolith end organs encode head move-
ments with different kinematics and different tempo-
ral dynamics. We examined the temporal dynamics
of eye movements evoked by individual and com-
bined stimulation of electrodes in SCCs and otolith
end organs.

Methods: We fit three chinchillas with head posts
and binocular scleral coils for tracking 3D eye
movements. We implanted a polyimide vestibular
electrode array with 26 otolith and 24 SCC contacts
into the left ear. Bipolar current pulses were deliv-
ered while the animals were kept still in dark, driv-
ing electrically evoked eye movements. Eye
movements were recorded during a constant pulse
train (encoding a virtual static tilt) delivered via
multiple electrode configurations.

Results: The temporal dynamics to reach the final
ocular counter-roll position during a virtual static tilt
depended on location of the stimulating/reference
electrodes. Stimulation with a otolith/distant refer-
ence combination resulted in quick onset of eye
movement (consistent with the SCCs’ high pass
characteristic). Otolith/near reference stimulation
resulted in a slower rise-time to final ocular counter-
roll position (consistent with the otolith‘s low pass
characteristic). Combining SCC and otolith stimula-
tion resulted in an eye response like that of a me-
chanical static head tilt in a normal animal.

Conclusions: Responses differed in temporal dy-
namics for SCC and otolith stimulation. These re-
sults indicate that semi-selective prosthetic
stimulation of the otolith end organs is possible and
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that it may be necessary to restore sensation of low
frequency head motion and static tilts.

OPO01-5 - Altered soleus VEMP may be a
prognostic marker of progressive spinal
cord damage

7. Clinical Testing for Vestibular Function

Julia Caporali'

Anna Paula de Avila Pires’, Ludimila Labanca’,
Tatiana Rocha’, Kyonis Florentino®, Denise Utsch
Goncalves’

! Federal University of Minas Gerais, Medical
Clinics Department, Brazil

2 Federal University of Minas Gerais, Brazil

3 Federal University of Minas Gerais, Audiology
and Speech Therapy department, Brazil

* Federal University of Minas Gerais, Graduation
Program of Infectology and Tropical Medicine,
Brazil

5 Federal University of Minas Gerais,
Otorhinolaryngology department, Brazil

Purpose: Human T-cell leukemia virus type 1
(HTLV-1) infection causes a spastic paraparesis in
around 5% of the HTLV-1-asymptomatic carriers.
The purpose was to prospectively investigate the
postural reflex of HTLV-1-infected individuals.

Methods: VEMP recorded from the soleus muscle
(Soleus-VEMP) triggered by galvanic stimulation
(duration: 400ms; intensity: 2mA) was annually ap-
plied for three consecutive years in 16 patients with
definite HTLV-1-associated myelopathy (HAM), 22
with non-definite (oligosymptomatic) HAM and 20
HTLV-1-asymptomatic carriers. Galvanic stimula-
tion was used to trigger the postural reflex through
the vestibulospinal tract. The stimulus was applied
in the mastoid processes and VEMP was recorded in
the soleus muscle. The outcome analyzed was a
changing in Soleus-VEMP from normal to altered.

Results: At baseline, 30% of the HTLV-1-asymp-
tomatic carriers showed altered soleus-VEMP com-
paring to 55% in non-definite HAM and 75% in
definite HAM (p=0.03). After a follow-up of three
years, altered soleus-VEMP was 80% in the HTLV-
I-asymptomatic carriers, 95% in the olygosymp-
tomatic and 100% in HAM (p=0.26). The comparison
of Kaplan-Meier survival curves between groups
showed no statistical difference (p=0.13).

Conclusions: High prevalence and incidence of
postural reflex alteration were found not only in pa-
tients with HAM, as expected, but more importantly,
in HTLV-1-asymptomatic carriers, indicating sub-
clinical impairment of spinal cord function. These
results indicated a considerable portion of HTLV-
1-asymptomatic carriers that are classified as normal
despite of a subclinical impairment of neurological
function. The follow-up will clarify the risk of the
asymptomatic carriers with altered soleus-VEMP to
progress to definite HAM. The subclinical diagnosis
of the myelopathy has therapeutic implications.

OPO01-6 - The clinical significance of
waveform morphology in OVEMP
testing

7. Clinical Testing for Vestibular Function

Art Mallinson'

Neil Longridge’

! University of British Columbia, Department of
Surgery; Vancouver General Hospital, Vancouver,
CANADA

Purpose: The OVEMP is a very delicate low ampli-
tude reflex. Normal subjects have normal OVEMP
amplitudes and latencies, but also very well-defined
wave morphology. Some patients have “normal”
OVEMP parameters but poor waveform morpholo-
gy, where OVEMPs have an identifiable peak and
trough but these are not well defined. We wondered
what the meaning was of poor waveform morpholo-
gy and wondered if it is clinically relevant. We hy-
pothesize that the utricle (i.e. a loosely fixed vibration
sensor) may be susceptible to decelerative trauma or
other insult. Since the OVEMP is generated by a
properly functioning utricle, it follows that a dys-
functional utricle may be able to produce a wave-
form, but poor morphology due to insult and normal
latency. One difficulty with reporting OVEMP am-
plitudes is that there is a floor effect; there is no such
thing as a “low amplitude”. We wondered if trauma
to the otolith might prevent proper generation of the
waveform. It follows that poor waveform morphol-
ogy might be a significant observation (regardless of
other measured parameters).

Methods: We compared OVEMP results in three
groups; patients who had suffered trauma, “regular”
vestibular patients, and normal controls. We defined
what we called “poor morphology” of OVEMPs,
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and we looked at the rate of poor morphological
waveforms in each group.

Results: It appears that (as is the case with caloric
testing) poor morphology does not infer any differ-
ence in clinical disease

Conclusions: poor waveform morphology may
repesent a clinically significant finding but this sig-
nificance is as yet not understood.

OPO01-7 - The effects of different sound
stimuli when performing OVEMPs

7. Clinical Testing for Vestibular Function

Neil Longridge'

Art Mallinson’

! University of British Columbia, Department of
Surgery; Vancouver, CANADA

2 University of British Columbia, Department of
Surgery; Vancouver General Hospital, Vancouver,
CANADA

Purpose: We hypothesized that OVEMP reflexes
generated by a sound stimulus represent an aphysio-
logical supramaximal intermittent nonspecific re-
sponse of the maculae of the inner ear to sound
stimulation. Care in interpreting results from vibra-
tion and sound stimulation has to be undertaken, as
the differing results means that with any particular
type of stimulus, normative data must be established.

Methods: We used different sound stimuli when
performing OVEMPs. Assuming that the supramax-
imal response is universal, use of sound stimuli at
different frequencies, .25, .5, .75 and 1.0 KHz should
produce identical responses.

Results: This hypothesis was tested and failed.
There was variation in amplitude and latency with
respect to the different frequency stimulations at the
same decibel loudness.

Conclusions: The physical stimulus for vibration is
much stronger than direct cochlear stimulation in
terms of energy, and not surprisingly vibration
VEMPs are frequently recorded while sound VEMPs
are abnormal. The absence of sound VEMPs in a
patient with symptoms probably is clinically signifi-
cant, and caution in inferring that because vibration
VEMPs are normal, abnormal sound VEMPs can be

ignored. As always, a pathological finding (more
than two standard deviations from the normal by ay
technique) is significant, a normal response does not
mean nothing wrong, and the diagnosis of disease
depends on the history.

Variation of response indicates that the maculae re-
sponds to strong stimulus and is specific to the stim-
ulus. The organ does not respond as a whole but
vibrates variably depending on the stimulus and the
neural responses are consistent and specific.

OPO02: Superior Canal
Dehiscence Syndrome

OP02-1 - Cervical and ocular VEMPs to
4000Hz show Superior Semicircular
Canal Dehiscence

19. Superior Canal Dehiscence Syndrome

Leonardo Manzari'

Ann M. Burgess?®, lan S. Curthoys?

' MSA ENT Academy Center — Cassino, Italy
2 Vestibular Research Laboratory, School of
Psychology, the University of Sydney, NSW,
Australia

Purpose: In patients with CT-verified SSCD and in
patients with definite Meniere’s Disease (MD) to in-
vestigate the effect of frequency on the n10 compo-
nent of the ocular vestibular-evoked myogenic
potential (0VEMP n10) and on the p13-n23 compo-
nent of the cervical vestibular-evoked myogenic po-
tential (c(VEMP p13-n23) evoked by air conducted
sound (ACS) and bone conducted vibration (BCV)
at the midline forehead at the hairline (Fz).

Methods: A hand-held Bruel & Kjaer 4810 min-
ishaker provided BCV stimulation and surface EMG
electrodes beneath both eyes recorded oVEMP nl10
and over SCM recorded cVEMP p13-n23 . The stim-
ulus ACS and BCV at either Fz or at the vertex of the
skull (Cz) were tone bursts at S00Hz or 4000Hz with
a short rise time (ramp). 27 healthy subjects were
tested in the same paradigm.

Results: In response to ACS and Fz BCV at 500 Hz
and 4000 Hz in 27 CT-verified SSCD patients the
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oVEMP nl0 beneath the contraSSCD eye was
present and the cVEMP pl3 — n23 over the ipsi
SSCD sternocleidomastoid muscle was also present.
In contrast in normals and Meniere’s Disease
patients neither oVEMPs or cVEMPs to 4000Hz are
present with either ACS or Fz BCV.

Conclusions: Testing cVEMP and oVEMP with
high frequency ACS or BCV allows very simple,
very fast identification of a probable unilateral
SSCD in a manner which is very easy even for junior
and senior patients and testing only uses two fre-
quencies, 500 Hz and 4000 Hz.

OP02-2 - Efficacy of vestibular function
tests post-canal plugging for superior
canal dehiscence syndrome

19. Superior Canal Dehiscence Syndrome

Yvette Reid’

Jane Lea’, Brian Westerberg®

! Providence Health Care, Department of
Audiology, Canada

2 University of British Columbia, Department of
Surgery — Division of Otolaryngology Head And
Neck Surgery, Canada

Purpose: Dizziness and balance dysfunction is
expected temporarily after surgically plugging the
superior canal as a treatment for superior canal
dehiscence syndrome (SCDS). However, some
patients experience residual symptoms even months
after surgery. Our aim was to assess the efficacy of
vestibular function tests in evaluating surgery
outcomes.

Methods: We retrospectively reviewed six patients
with residual symptoms after canal plugging sur-
gery. Subjects underwent audiometry, cVEMPs,
oVEMPs, VHIT as well as MRI with reconstruction
of the superior canal.

Results: MRI imaging demonstrated a persistent de-
hiscence post-operatively for all six patients. Five
subjects with pre-operative air-bone gaps still had
air-bone gaps post-operatively. Low threshold
cVEMP present in all six ears pre-operatively nor-
malized in four. VEMP asymmetry ratios could only
be assessed in three patients with unilateral SCDS.
For these three subjects, the cVEMP asymmetry ra-
tio range dropped from 32-45% pre-operatively to

10-21% post-operatively. In the one subject with
pre- and post-operative oVEMPs, the asymmetry ra-
tio dropped from 41% to 1%. Four subjects had
post-operative VHITs; two had normal gain (0.81
and 0.83) and two abnormal (0.41 and 0.46).

Conclusions: VEMP thresholds and asymmetry ra-
tios often normalize even after incomplete canal
plugging. The vHIT results are also not representa-
tive of surgery outcomes. The measure that was
consistently abnormal after an incomplete plugging
surgery was the air-bone gap on the audiogram;
however, other studies have demonstrated that the
air-bone gap often persists even with successful
plugging surgery. Patient complaints and MRI ap-
pear to be the best way to assess the outcomes of
SCD repair surgery.

OP02-3 - Heterogeneity in Reported
Outcome Measures after Surgery in
Superior Canal Dehiscence Syndrome

19. Superior Canal Dehiscence Syndrome

Mira Ossen'

Robert Stokroos?, Herman Kingma?, Joost van
Tongeren’, Vincent Van Rompaey?, Yasin Temel?,
Raymond van de Berg’

! Faculty of Medicine, Maastricht University,
Maastricht, Netherlands

2 Department of Otorhinolaryngology and Head &
Neck Surgery, Maastricht University Medical
Center, Maastricht, Netherlands

3 Department of Otorhinolaryngology and Head &
Neck Surgery, Antwerp University Hospital,
Edegem, Belgium

4 Department of Neurosurgery, Maastricht
University Medical Center, Maastricht, Netherlands

Purpose: To assess available evidence on the
comparative effectiveness and risks of different
surgical treatments for superior canal dehiscence
syndrome (SCDS), regarding: (1) symptom
improvement; (2) objectively measurable auditory
and vestibular function; (3) adverse effects; (4)
length of hospitalization.

Methods: A systematic search according to PRIS-
MA statement was conducted on Pubmed, Embase,
and Cochrane library. Reference lists were searched.
Retrospective and prospective cohort studies were
included when they investigated the association
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between a surgical treatment method and the relief
of vestibular and/or auditory symptoms. Only stud-
ies including quantitative assessment of the pre- to
postoperative success rate of a surgical treatment
method were included. Case reports, reviews, meta-
analysis, and studies not published in English,
Dutch, or German were excluded.

Results: Seventeen studies (354 participants, 367
dehiscences) were grouped according to surgical ap-
proach. Seven combinations of surgical approaches
were identified: plugging, resurfacing, or a combina-
tion of both through the middle fossa (middle fossa
approach); plugging, resurfacing, or a combination
of both through the mastoid (transmastoid ap-
proach); round window reinforcement through the
ear canal (transcanal approach). Several studies
showed high internal validity, but quality was often
downgraded due to study design. Outcome measures
and timing of postsurgical assessment varied among
studies, making it unfeasible to pool data to perform
a meta-analysis.

Conclusions: A standardized protocol including
outcome measures and timeframes is needed to
compare the effectiveness and safety of SCDS treat-
ments. It should include symptom severity assess-
ments and changes in vestibular and auditory
function before and after treatment.

OP02-4 - Management of hearing and
balance problems in SCDS

19. Superior Canal Dehiscence Syndrome

Arne Ernst'

Phillipp Mittmann’, Dietmar Basta’

! Dept. Otolaryngology at ukb, Hospital of the Univ
of Berlin (Charité)

2 Dept. Otolaryngology at ukb (Berlin)

3 Dept. Otolaryngology at ukb, Charité (Berlin)

Purpose: SCDS is a disorder with varying symp-
toms. The management is complicated by the need
to offer the patient a realistic outcome with either
conservative or surgical measures.

Methods: In our prospective, non-randomized series,
52 patients (31 female, 21 male, average age 48.8 yr)
with radiologically confirmed SCDS were coun-
selled, 41 agreed to undergo a surgical therapy. The
surgical therapy consisted of canal occlusion via a

transmastoid approach. In addition, all patients were
given a hearing implant (CI or VSB) for auditory re-
hab. The patients were followed up for 14 months (6
— 24 months) on average (DHI, neurotological test-
ing- c/oVEMPs, excentric rotation, HIT and PTA).

Results: A positive outcome (n = 28, i.e. significant
improvement in DHI, normalisation of cVEMP
thresholds) was correlated to the severity of vertigo
preoperatively, to the parallel implantation of a CI, to
the age at implantation (younger than 45 yrs).

A negative outcome (n = 13; i.e., non-significant im-
provement in DHI, no normalization of cVEMP
thresholds) was correlated to the co-morbidity of ves-
tibular migraine and/or Menicre’s disease, the bilateral
occurrence of SCDS, SCDS defect size (larger than 4
mm), old age (55 yrs). In those 13 patients, 5 were re-
vised which significantly improved the DHI outcome
and led to a normalization of cVEMP amplitudes.

The 10 patients who declined surgery were treated
by antivertiginous drugs, which lead to a reduction
of vertigo, but no significant improvement in DHI.

Conclusions: In essence, canal occlusion in SCDS
can be highly effective when considering co-morbidity
and adding hearing implants for auditory rehab.

OPO02-5 - Skull vibration induced
nystagmus in patients with unilateral
semicircular canal dehiscence

19. Superior Canal Dehiscence Syndrome

Georges Dumas'

Alexis Lion’, lan Curthoys?®, Philippe Perrin®,
Laurent Dumas’, Sébastien Schmerber®

! Department of Oto-Rhino-Laryngology, Head and
Neck Surgery, University Hospital, Grenoble,
France

2 Sports Medicine Research Laboratory, Luxem-
bourg Institute of Health, L-1460 Luxembourg

3 Vestibular Research Laboratory, School of Psy-
chology, the University of Sydney, NSW, Australia
4 EA 3450 DevAH, Development, Adaptation and
Disadvantage, Faculty of Medicine and UFR STAPS,
University of Lorraine, Villers-les-Nancy, France
SINSERM S 1039 Bioclinic-Radiopharmaceutics-
Laboratory-Grenoble

¢ INSERM BrainTec Lab UMR 1205; Grenoble,
France
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Purpose: bone conducted vibration applied to the
mastoid in severe unilateral vestibular loss (SUVL)
patients usually elicits a skull vibration induced nys-
tagmus (SVIN) beating away from the affected side.
In unilateral superior semicircular canal dehiscences
(uSCD) SVIN beats toward the affected side. This
study sought to establish the optimum stimulus
frequency and location for these populations.

Methods: SUVL (n = 18); superior semicircular ca-
nal (SCD) patients (n=40; 27 unilateral, 13 bilateral).
The control group consisted of 11 cases.

Results: In SUVL, SVIN was always beating away
from the lesion side and the optimal frequency was
100Hz for the horizontal and torsional components
VIN-SPV. In uSCD SVIN beat toward the lesion
side in 92%, a wider range of frequencies elicited
SVIN (up to 800Hz) with optimal frequency being
around 500Hz. In SUVL mastoid stimulation was
significantly more efficient than vertex stimulation
at 60 and 100Hz [p<0.01]. Conversely in uSCD
SVIN SPV was significantly higher on vertex stimu-
lation at 100 and 300Hz [p=0.04]. A VIN was sig-
nificantly more often observed in uSCD than bSCD
[p=0.009] and with a higher SPV [p=0.008]. In
SUVL the optimal frequency is 100Hz and SVIN
beats toward the intact side. In uSCD,

Conclusions: SVIN beats toward the lesion side
with a greater sensitivity to higher frequencies. Ver-
tex stimulations are more efficient in uSCD than in
SUVL. SVINT reveals instantancously a character-
istic VIN and acts as a vestibular Weber test. It is
more sensitive to reveal uSCD than bSCD. SVIN
test should be considered as a useful indicator for
uSCD diagnosis.

OP02-6 - Spontaneous plugging of
superior canal: two possible natural
evolutions of an unstable dehiscence

19. Superior Canal Dehiscence Syndrome

Andrea Castellucci'

Cristina Brandolini’, Gianluca Piras’, Valeria Del
Vecchio®, Giovanni Carlo Modugno®, Angelo
Ghidini*, Antonio Pirodda’

"'1. ENT & Audiology Unit, DIMES, Sant’Orsola
— Malpighi University Hospital, Bologna, Italy. 2.
ENT Unit, Department of Surgery, AUSL —
IRCCS, Reggio Emilia, Italy.

2 1. ENT & Audiology Unit, DIMES, Sant’Orsola
— Malpighi University Hospital, Bologna, Italy.

3 1. ENT & Audiology Unit, DIMES, Sant’Orsola
— Malpighi University Hospital, Bologna, Italy. 3.
Department of Otology and Skull Base Surgery,
Gruppo Otologico, Piacenza, Italy.

4 2. ENT Unit, Department of Surgery, AUSL —
IRCCS, Reggio Emilia, Italy.

Purpose: Besides third-mobile window symptoms/
signs, superior canal dehiscence (SCD) can lead to
unusual clinical pictures. As well as asymptomatic
patients, Méniére-like attacks have been occasion-
ally described though poorly explained. Moreover,
while surgical occlusion of superior canal (SC) in
symptomatic patients generally induces transient
vestibulo-cochlear symptoms with a selective SC
hypofunction, loss of SC function in patients with
wide-sized dehiscence and poor symptomatology
can be sporadically detected. A natural canal plug-
ging by middle fossa dura (MFD) has been offered
as possible interpretation for the latter scenario. We
aimed to explain acquired spontaneous SC hypo-
function with two possible theories.

Methods: Among patients who were followed-up
for SCD, we reviewed clinical records of 3 cases
who developed spontaneous impairment of SC func-
tion on video head impulse testing (VHIT) over time
(mean follow-up 106 months). Audiometric, video-
oculographic, vibratory, vHIT ¢ VEMPs data were
compared with post-operative (PO) findings of pa-
tients undergoing SC occlusion.

Results: While in 1 case progressive reduction of
symptoms was reported, 2 patients developed recur-
rent vertigo spells (with auditory symptoms in 1
case) and spontaneous nystagmus similarly to surgi-
cal patients during the first PO days. Pure tone aver-
age impaired in 1 case. Unlike surgical patients,
cervical- and ocular-VEMPs remained abnormal. In
2 cases vibratory nystagmus was mainly horizontal
similarly to PO findings.

Conclusions: We hypothesized that, in particular
cases with “unstable” wide-sized dehiscence, MFD
may either slowly progressively occlude the dehis-
cent canal without causing symptoms or lead to par-
tial and recurrent canal plugging. This event may
induce a transient labyrinthine hydrops, similarly to
PO findings.
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OP02-7 - The diagnostic value of
vestibular evoked myogenic potentials in
superior canal dehiscence syndrome

19. Superior Canal Dehiscence Syndrome

Luca Verrecchia'

Krister Brantberg!, Magnus Vestin’, Maoli Duan’

! Karolinska Institutet, Department of clinical inter-
vention and technology (CLINTEC), ENT section
2 Karolinska University Hospital, Trauma and Re-
parative Medicin, Ear Nose and Throat Patient Area

Purpose: Superior canal dehiscence syndrome
(SCDS) shows several idiosyncrasies at vestibular
evoked myogenic potentials (VEMP). Specific
SCDS markers at VEMP testing have assumed a ma-
jor role in the SCDS diagnostic work out. Here, we
sum up the conclusions of different studies on the
VEMP diagnostic accuracy for SCDS conducted at
our department in the last decade.

Methods: SCDS markers at VEMP have been in-
vestigated in case-control and cohort studies in dif-
ferent conditions: cervical (cVEMP) and ocular
VEMP (o0VEMP) in response to stimuli at near and
suprathreshold levels, with frequency specific or
wide band configurations, and delivered with air
(AC) or bone (BC) conducted modalities.

Results: VEMP amplitude in response to AC stimu-
lation showed the best diagnostic properties as
SCDS marker. At suprathreshold stimulations,
oVEMP is superior to cVEMP and AC oVEMP is
better than BC oVEMP, particularly in terms of
SCDS sensitivity. A better diagnostic accuracy is
however obtained with VEMP at near threshold
stimulation levels, also here in terms of response
amplitude and better for AC VEMP. Moreover, at
threshold levels a specific SCDS showed a specific
frequency tuning, which can further differentiate
this syndrome from other conditions.

Conclusions: VEMP, especially in terms of re-
sponse amplitude at near threshold AC stimulation,
is a valid SCDS marker. This is of clinical relevance
considering the variable presentation of other SCDS
clinical key features and the suboptimal diagnostic
accuracy of the radiological investigations.

OPO03: Spatial orientation

OPO03-1 - Hearing & postural control:
what is the impact of hearing loss and
what role can hearing aids play?

18. Spatial Orientation

Jessica Vitkovic!

Carmen Le', Su-Ling Lee’, Ross Clark’

' The University of Melbourne, Dept of Audiology
and Speech Pathology, Australia.

2 School of Exercise Science, Australian Catholic
University, Australia.

Purpose: This study determined the effect of spatial
hearing/sound on the postural control of normally
hearing, hearing-impaired and vestibular-impaired
subjects. We also examined the role of hearing aids
in the hearing-impaired subjects.

Methods: Centre of pressure analysis was used to
measure the effect of sound on the postural sway of
50 normally hearing subjects, 28 hearing impaired
subjects and 19 subjects with vestibular dysfunction.
Subjects were asked to stand still for 60 seconds in
various acoustic environments that utilised sound
cues that were either present or absent. Hearing-im-
paired participants who were fitted with hearing aids
were assessed with and without their hearing aids on.

Results: Sound cues facilitated postural control in
normally hearing subjects. This ability was dimin-
ished in the hearing-impaired subjects, but appeared
to be overcome with the use of a hearing aid. Patients
with additional vestibular deficits exploited auditory
cues to a greater degree, suggesting that a sensory
re-weighting to enhance the use of auditory cues
may be applied when there is diminished sensory re-
dundancy.

Conclusions: People with balance problems are best
to enrich their environments with sound cues and
maximise their audible hearing to better maintain
their balance. As the risk of falls and hearing impair-
ment increase with age, the benefit of hearing aids in
improving stability is appealing when considering
the substantial disability, mortality and socioeco-
nomic burden of falls in the elderly.
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OPO03-2 - Towards a clinically useful test
for vestibular perception

7. Clinical Testing for Vestibular Function

Florence Lucieer’

Bart Dupuits®, Nils Guinand®, Angelica
Perez-Fornos®, Jean-Philippe Guyot’, Herman
Kingma', Raymond van de Berg'

! Department of Otorhinolaryngology and Head &
Neck Surgery, Maastricht University Medical
Center, Maastricht, Netherlands

2 Faculty of Health, Medicine and life Sciences,
University of Maastricht, Maastricht, Netherlands
3 Service of Otorhinolaryngology and Head and
Neck Surgery, Department of Clinical
Neurosciences, Geneva University Hospitals,
Geneva, Switzerland

Purpose: Clinical vestibular testing mainly consists
of testing reflexes like the vestibulo-ocular reflex
and the vestibulo-collic reflex. However, this type of
testing does not always detect perceptual symptoms.
Objective of this study was to propose a clinically
useful test for vestibular perception, to investigate
its age-related normative values and to compare
these with the normative values of other known per-
ceptual tests.

Methods: Fifty-five healthy subjects were included.
Vestibular perceptual thresholds were measured us-
ing the MOTEK platform in dark. The subject had to
report the correct type and direction of movements.
The platform delivered twelve different movements:
six translations (forward, backward, right, left, up
and down) and six rotations/tilt (yaw left, yaw right,
pitch forward, pitch backward, roll left and roll
right). A staircase paradigm was used for threshold
detection. This test involved shorter testing times
and continuous communication between subject and
researcher, compared to perception tests performed
in previous studies.

Results: Age significantly increased perceptual
thresholds for all movements. Gender did not have a
significant influence. Within the translations, signifi-
cantly different thresholds were found between for-
ward-backward  translations and translations
up-down. Within rotations, significantly different
thresholds were found between yaw-rotations left-
right and both pitches forward-backward and roll
left-right.

Conclusions: The results of this faster and more pa-
tient friendly test for vestibular perception showed
comparable results to more research oriented tests
regarding age-related influences. This opens up new
perspectives in examining vestibular perception in
clinic.

OPO03-3 - The role of vection and velocity
storage in visually induced motion
sickness

18. Spatial Orientation

Suzanne A.E. Nooij'

Paolo Pretto’, Heinrich H. Biilthoff!

! Max Planck Institute for Biological Cybernetics,
Dept. of Human Perception, Cognition and Action,
Tiibingen, Germany

Purpose: Full-field visual rotation around the verti-
cal axis induces a sense of self-motion (vection), op-
tokinetic nystagmus (OKN), and, eventually, also
motion sickness (MS). If the lights are suddenly
switched off, optokinetic after-nystagmus (OKAN)
occurs. This is due to the discharge of the velocity
storage mechanism (VSM), a central integrative net-
work that has been suggested to be involved in mo-
tion sickness. We previously showed that visually
induced motion sickness (VIMS) following optoki-
netic stimulation is dependent on vection intensity.
To shed light on this relationship, the current study
investigates whether vection intensity affects VSM
activity, and thus, the OKAN.

Methods: In repetitive trials (8 per condition), 15
participants were exposed to 120s of visual yaw ro-
tation (60 deg/s), followed by 90s in darkness. The
visual stimulus either induced strong vection (i.e.,
scene rotating normally) or weak vection (central
and peripheral part moving in opposite directions).
Eye movements and subjective vection intensity
were continuously measured.

Results: OKAN occurred less frequent and with
lower initial magnitude in the weak-vection condi-
tion as compared to the strong-vection condition. De-
cay time constants were not significantly different.

Conclusions: The results suggest that the occur-
rence of vection enhances the charging of the VSM.
As VSM activity has been found to be a factor in
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motion sickness, the enhanced VSM activity in our
strong vection condition could explain why visual
stimuli producing a strong sense of vection also elic-
it high levels of motion sickness.

OP03-4 - The role of temporo-parietal
cortex in upright perception and the link
with torsional eye position

18. Spatial Orientation

Jorge Otero-Millan'

Ariel Winnick?, Amir Kheradmand’

! Johns Hopkins, Department of Neurology, USA
2 Johns Hopkins, Departments of Neurology, USA
3 Johns Hopkins, Departments of Neurology and
Otolaryngology & Head and Neck Surgery, USA

Purpose: Upright perception is a key aspect of
orientation constancy, as we maintain a stable
perception of the world despite continuous
movements of our eyes, head and body. Torsional
position of the eyes can impact perception of upright
by changing orientation of the images on the retina
relative to gravity. Here we investigated the role of
temporo-parietal cortex in upright perception with
respect to ocular torsion, by means of the inhibitory
effect of continuous theta burst transcranial magnetic
stimulation (TMS).

Methods: We used a subjective visual vertical
(SVV) paradigm to track changes in upright
perception, and a custom video method to track
ocular torsion simultaneously. Twelve participants
were tested during lateral head tilt of 20° to the left.

Results: TMS at the posterior aspect of the supra-
marginal gyrus (SMGp) resulted in an average SVV
shift in the opposite direction of the head tilt com-
pared to sham stimulations (1.8°). Ocular torsion fol-
lowing TMS at SMGp showed no significant change
compared to sham stimulations (-0.1°). Thus, chang-
es in upright perception at SMGp was dissociated
from ocular torsion.

Conclusions: This finding suggests that perception
of upright at SMGp is primarily related to process-
ing sensory inputs, as opposed to subcortical regions
that have direct influence over ocular torsion.

OP03-5 - Spatial navigation, sense of
direction, and vestibular function in
young deaf individuals

18. Spatial Orientation

Chizuko Tamaki!

Kristen Maul', Sarah Sparks', Emalee Danner’,
Noelle Allemang’

! Gallaudet University

Purpose: Literature suggests that vestibular impair-
ment impacts visuo-spatial and cognitive functions,
including spatial navigation and mental imagery.
Hearing loss, and potentially acquired vestibular
dysfunction, has been linked to cognitive decline in
older adults, but spatial and cognitive abilities of
young deaf adults, who are likely to have vestibular
dysfunction, has not been studied. This study exam-
ines young deaf adults’ navigational abilities and
perceived sense of direction in relation to their ves-
tibular and balance functions.

Methods: Young adults, ages 18-36 years, with
hearing levels greater than 5S0dBHL in the better ear,
and with normal middle ear function (Jerger Type A
tympanogram), have been included. All reported ei-
ther congenital or childhood onset of deafness. Nav-
igational ability was assessed through an
object-finding task in a virtual reality first-person
avatar maze. Sense of direction was assessed with
the Santa Barbara Sense of Direction Scale (SB-
SOD). Hearing levels, vestibular function status
(VHIT, VEMP, modified Clinical Test of Sensory
Integration of Balance, Activities-specific Balance
Confidence Scale [ABC]), and language use (spoken
vs. sign) were obtained.

Results: Virtual reality maze completion time was
negatively correlated with otolitic functions (VEMP
thresholds) and with self-reported sense of direction
(SBSOD). Self-reported confidence in balance
(ABC) was correlated with SBSOD.

Conclusions: Results suggest a strong relationship
between otolithic function, sense of direction, and
the ability to efficiently locate objects in a VR maze,
in a group of young deaf individuals. Otolithic im-
pairment may hinder development of route-learning
abilities in deaf individuals.
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OP03-6 - Functional and mechanistic
link between sensory cue integration
and self-motion perception

18. Spatial Orientation

Qadeer Arshad!
! Imperial College

Purpose: Navigating our environment successfully
requires the ability to integrate multi-sensory cues,
which in-turn facilitates appropriate self-motion per-
ception. Despite advances in the macaque monkey,
the neural mechanism underpinning multi-sensory
cue integration in humans remains largely un-
known. Considering the specific topic of how much
we rely on visual as opposed to vestibular cues dur-
ing sensory integration (i.e. visual dependence), two
hypotheses can be constructed: it may reflect either
the level of visual cortex excitability, or alternative-
ly, reduced vestibulo-cortical dominance.

Methods: Accordingly, we explored the relationship
between, (i) visual cortical excitability - assessed us-
ing transcranial magnetic stimulation (TMS)-in-
duced phosphenes and, (ii) vestibulo-cortical
dominance - assessed using a measure of vestibular-
nystagmus suppression following transcranial direct
current stimulation over the parietal cortex — with
the degree of visual dependence during a sensory in-
tegration task.

Results: We observed that visual dependence was
unrelated to either the early (V1/V2) or late (V5/
MT) visual cortex excitability, however was related
to the degree of vestibulo-cortical dominance. We
proceeded to assess the functional significance of
vestibulo-cortical dominance upon vestibular-be-
haviour by assessing the time taken to experience
self-motion during opto-kinetic stimulation. We ob-
served that the degree of visual dependence was cor-
related with the time taken to experience
circular-vection.

Conclusions: Utilising a multi-method approach,
we demonstrate that vestibulo-cortical dominance
functionally and mechanistically link sensory inte-
gration and self-motion perception, two fundamental
components that mediate human spatial orientation.

OP03-7 - A Computational Model of
Self-Motion Perception and Vestibular
Cognition

18. Spatial Orientation

Fred W. Mast!

Andrew W. Ellis’

' University of Bern, Department of Psychology,
Switzerland

Purpose: Numerous studies in vestibular patients
and healthy participants have demonstrated that sen-
sory information provided by the vestibular system
is involved in cognitive processes such as mental
rotation, body representation, numerical tasks and
affective control. Despite these interesting empirical
findings, the underlying mechanisms are not well
understood. The key to a better understanding of
vestibular involvement in cognition is to consider
the probabilistic computations performed by the
vestibular system, rather than focus solely on the
sensory signals.

Methods: We use a probabilistic model capable of
processing sequential vestibular data. This model is
a dynamic latent variable model, in which the latent
variables represent the dynamics of the head. The
same model can be applied when movement of the
head is due to an external disturbance (passive), or
when the movement is self-initiated (active). Be-
sides information obtained via efference copy, our
model can incorporate knowledge from multiple
sources, including higher-level knowledge to predict
the dynamics of the latent variables.

Results: Cognitive tasks (e.g., perceptual decision-
making, meta-cognitive evaluation in self-motion
perception, mental rotation of self-motion) use the
probabilistic model with higher-level knowledge.
For example, imagined self-motion is performed by
running a Monte Carlo sampling algorithm; this
amounts to sampling from the prior. Not only do the
simulations serve to demonstrate that cognitive
mechanisms are part of sensory inference, but they
can also explain impaired self-motion perception in
vestibular patients.

Conclusions: Mechanisms used for sensory
inference are used in offline operations. By
investigating interactions between online and offline
usage we can better conceptualize the vestibulo-
cognitive interplay.
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OPO04: Traumatic Brain Injury

OPO04-1 - Benign Paroxysmal Positional
Vertigo in acute traumatic brain injury

20. Traumatic Brain Injury

Rebecca Smith'
Elena Calzolari’, Barry Seemungal’
! Imperial College London

Purpose: Benign paroxysmal positional vertigo
(BPPV) is a common vestibular disorder following
traumatic brain injury (TBI). Previous studies
evaluating type and frequency of BPPV in TBI have
been limited to the sub-acute population, or have
employed dizziness screening tools prior to study
inclusion. Currently there is no data pertaining to
the frequency and type of BPPV in acute TBI.
This prospective observational study aimed to
provide such data.

Methods: Patients at a major trauma centre (St
Mary’s Hospital, London, UK) were screened for a
prospective study evaluating markers of balance re-
covery in TBI. Patients meeting the inclusion criteria
were assessed using a standardised neuro-otologi-
cal examination. Details pertaining to BPPV fre-
quency, type and treatment rates were recorded.

Results: 359 acute TBI patients were screened. Of
those 359 patients, 42 were assessed for inclusion in
the study. 52% of 42 patients (22) had a positive
Dix-Hallpike test (Mean age 47+17 years; 68%
Male). All patients had posterior canal BPPV, 86%
had unilateral BPPV whilst 14% had bilateral BPPV.
Critically, just over a third of patients did not com-
plain of vertigo symptoms prior to the diagnosis, or
during diagnostic or treatment manoeuvres.

Conclusions: Our data is the first to demonstrate the
frequency and type of BPPV in acute TBI. Higher
rates of BPPV were noted among our sample in
comparison to previous data. Given that over 50% of
patients were diagnosed with BPPV and a significant
number did not complain of vertigo, we recommend
a screening approach be utilised in all TBI patients.

OP04-2 - Concussion Balance Test:
Assessment and Treatment Effectiveness
After Sports Related Concussion

20. Traumatic Brain Injury

Shelly Massingale'

Amy Alexander’, Richard Allred!, Steven Erickson’,
Richard Gerkin®, Elizabeth McQueary', Sarah
Schodrof!, Jamie Pardini’

! Banner University Sports Medicine and
Concussion Center

2 Banner University Medical Center Phoenix

Purpose: The Concussion Balance Test (COBALT)
is an eight-condition postural control measure that
assesses high-level balance skills necessary to suc-
cessfully and safely return to play, with conditions 7
and 8 (C7 and C8) challenging these systems through
a headshake (C7) and visual motion sensitivity (C8)
task on a foam surface. The purpose of this study
was to explore the utility of COBALT to assess treat-
ment progress in a concussed athlete population

Methods: Subjects (age 10-25) were 84 concussed
adolescent athletes (mean age = 15) referred for
treatment of vestibular dysfunction at an outpatient
concussion clinic, and 132 uninjured athletes (mean
age = 14.8) who presented for baseline assessment.
Postural control was assessed via COBALT at the
initial visit (median = 13 days from time of injury)
and at the conclusion of treatment for concussed ath-
letes, and at one time point (pre-season screen-
ing) for uninjured athletes.

Results: Comparison of pre- to post-treatment data
in concussed athletes revealed a positive effect for
the most complex conditions (C7, C8). For C7, a sig-
nificant improvement in sway scores was observed
from initial to final assessment (t=3.63, p<0.01).
Sway scores for C8 also improved substantially
(t=6.25, p<0.01). Following treatment completion,
the concussed group demonstrated significantly bet-
ter sway scores than non-injured athletes for C7
(t=3.63, p<0.001), and demonstrated similar sway
scores to the control sample in C8 (p>0.05).

Conclusions: COBALT is a useful measure to eval-
uate dysfunction and recovery of postural control in
athletes following sports related concussion.
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OP04-3 - Does the Vestibular/Ocular
Motor Screening (VOMS) Tool Predict
Recovery in Collegiate Athletes?

20. Traumatic Brain Injury

Susan Whitney'

Gregory Marchetti?, Anne Mucha®, Michael
Collins®, Anthony Kontos*

! University of Pittsburgh Departments of Physical
Therapy and Otolaryngology, USA

2 Duquesne Univesity Department of Physical
Therapy, USA

3 Centers for Rehab Services, Univeristy of
Pittsburgh Medical Center, USA

4 University of Pittsburgh Department of
Orthopedics, USA

Purpose: Following sport-related concussion
(SRCQ), it is common for athletes to experience ves-
tibular and/or oculomotor impairments and symp-
toms. The Vestibular/Ocular Motor Screening
(VOMY) is a screening tool that evaluates vestibular
and oculomotor symptom provocation and impair-
ment following SRC. Research has yet to explore
which components of the VOMS predict recovery
time following SRC. The purpose was to determine
if a total VOMS symptom score predicts recovery
time, and determine if the individual VOMS compo-
nent scores are better at predicting recovery time
than the total score.

Methods: Division I and II collegiate student-
athletes (n=68) with restricted participation post-
injury completed self-reported demographic and
medical history and the VOMS at preseason physical
examinations. Variables reported to be significant
univariate predictors of recovery were used to
develop a Cox proportional hazards model with
hazard ratio (HR) to identify the VOMS scores
associated with recovery time. VOMS scores that
optimally predicted recovery time for initial and
multiple injuries were identified with Receiver
Operating Characteristic (ROC) Area Under Curve
(AUC) analysis.

Results: The likelihood of recovery after concus-
sion at any time point was associated with VOMS
vertical vestibular ocular reflex testing (VOR-V, HR
=.94, P =.002) and total headache (HA) score (HR
= 0.98, P =.0006). Recovery at 7 and 14 days after
injury was optimally predicted by VOR vertical

score (cut point < 3 points) and total HA score (cut
point £<16 points).

Conclusions: Visual motion sensitivity, VOR-verti-
cal and total headache symptom scores are key com-
ponents of the VOMS for clinicians to consider in
the prognosis of collegiate student-athletes follow-
ing concussion.

OP04-4 - Is it clinically feasible to run a
multi-modal battery of tests in a virtual
reality goggle?

20. Traumatic Brain Injury

Alexander Kiderman'

Michael Hoffer’, Hillary Snapp’, Alexandr
Braverman®, Carey Balaban’

' Neuro Kinetics, Inc., Pittsburgh, Pennsylvania,
USA

2 University of Miami, Miller School of Medicine,
Department of Otolaryngology, Miami, Florida,
USA

3 Hebrew University of Jerusalem, Israel

4 University of Pittsburgh, Department of
Otolaryngology, Pittsburgh, Pennsylvania, USA

Purpose: Comparison of oculomotor, vestibular,
and reaction time (OVRT) test results using the clin-
ical stationary Neuro Otologic Test Center (I-Por-
tal® NOTC) vs. Portable Head Mounted Goggle
with 3D Display and Integrated Eye Tracking Sys-
tem (I-PAS™).

Methods: A battery of OVRT tests were run using
stationary and portable systems including: saccade
horizontal and vertical; smooth pursuit horizontal
and vertical; gaze horizontal and vertical; optoki-
netic; subjective visual vertical and horizontal. A
total of 82 variables were evaluated using Bland-
Altman and Deming regression methods. Partici-
pants consisted of 69 controls and four mTBI
subjects. All subjects were tested on both systems.
Test sequence order was randomized, with 49% test-
ed on NOTC first, 51% tested on I-PAS first.

Results: The effect of gender, age, and sequence of
tests and assessment of Slopes and Biases were eval-
uated. It was determined that gender, age, or se-
quence of tests had no effect. The Bland Altman and
Deming regression results demonstrated significant
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agreement between variables using the stationary
NOTC system and the portable I-PAS device. No
significantly different bias from zero and slope from
1 were observed for 78 variables.

Conclusions: Results and statistical analysis dem-
onstrate that testing on the Portable Head-Mounted
Goggle is equivalent to that of standard clinical sta-
tionary systems. I-PAS can successfully be used for
accurate and efficient assessment of mTBI outside
of the clinical environment. Note; FDA clearance
for I-PAS has been obtained.

OP04-5 - Linking traumatic brain
injury (TBI) severity, vestibular agnosia,
and vestibular symptom load.

20. Traumatic Brain Injury

Elena Calzolari'

Rebecca Smith!, Mariya K. Chepisheva’, Mark
Wilson?, David J. Sharp?®, Barry M. Seemungal’

! Brain and Vestibular Group, Neuro-Otology Unit,
Division of Brain Sciences, Imperial College
London, Charing Cross Hospital, London W6 8RF,
UK.

2 St Mary’s Hospital Major Trauma Centre,
Imperial College Healthcare NHS Trust, London
W2 INY

3 C3NL, Imperial College London, W12 ONN

Purpose: Dizziness and imbalance affect over 80%
of TBI patients. We observed TBI patients with acute
vestibular activation (e.g. BPPV) without complaint
of vertigo. We hypothesised that acute TBI attenuates
vertigo perception — i.e. vestibular agnosia — mea-
sured via laboratory tests of vestibular perception.
This predicts (i) a non-linear change in vestibular
symptom load over time; (ii) TBI severity is inverse-
ly related to vestibular symptom load acutely.

Methods: In this ongoing, prospective study, pa-
tients with a closed head injury were consented from
an acute major trauma unit and were examined,
completed questionnaires (vestibular symptoms,
functional ability, cognition), neuro-imaging and
laboratory testing.

Results: There was no significant linear relationship
between symptoms and TBI severity. Vestibular per-
ceptual thresholds (in yaw) were elevated initially

particularly in patients with low vestibular symptom
scores. At three months, vestibular perception im-
proved (lower) and symptoms increased.

Conclusions: These data support our predictions of
a non-linear relationship between vestibular
symptoms, TBI severity and vestibular perception.
Important clinical implications include the masking
of active vestibular diagnoses (e.g. BPPV) since
patients may not report symptoms but still fall or
manifest nausea and vomiting. This suggests that
acute TBI patients should be screened routinely for
vestibular dysfunction irrespective of symptoms. In
conclusion, we show a non-linear, but predictable
relationship between subjective vestibular symptoms
and (i) TBI severity and (ii) degree of vestibular
agnosia.

OP04-6 - VEMP latency predict
precision of subjective visual vertical in
acute traumatic brain injury (TBI).

20. Traumatic Brain Injury

Elena Calzolari'

Rebecca Smith!, Mariya K. Chepisheva', Mark
Wilson?, David J. Sharp®, Barry M. Seemungal’

! Brain and Vestibular Group, Neuro-Otology Unit,
Division of Brain Sciences, Imperial College
London, Charing Cross Hospital, London W6 8RF,
UK

2 St Mary’s Hospital Major Trauma Centre,
Imperial College Healthcare NHS Trust, London
W2 INY

3 C3NL, Imperial College London, W12 ONN

Purpose: Vestibular Evoked Myogenic Potentials
(VEMPs) interrogate the integrity of otolith reflexes
involving either the saccule (cervical VEMP) or the
utricle (ocular VEMP). Traumatic brain injury (TBI)
commonly impairs postural control and one element
may be damage to the peripheral vestibular organ, or
its brainstem connections controlling reflex func-
tions. It is not known however, if the VEMP can pro-
vide a convenient marker of TBI or predict
TBI-related imbalance.

Methods: In this ongoing, prospective study, pa-
tients with a closed head injury were consented
from an acute major trauma unit. We assessed the
subjective visual vertical (measured using a QUEST
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algorithm) and VEMPs (ocular and cervical) at bed-
side of 6 patients so far.

Results: There was no significant difference in
VEMP amplitudes or degree of asymmetry in pa-
tients versus controls and there was no link between
VEMP amplitude, latency or symmetry and SVV
bias. In contrast, we found a significant correlation
between SVV precision and latencies for pl (r.sq
0.41) and n1 (r.sq. 0.32) for cVEMP and also for nl
for the oVEMP (r.sq 0.79) but not for pl oVEMP.

Conclusions: These data suggest that slowing of
conduction in otolithic pathway may impair perfor-
mance of the SVV (i.e. increased uncertainty of re-
sponses). Combining prospective behavioural and
neuroimaging assessments may enable us to isolate
the neural correlates of the observed behavioural
measures. Whether these VEMP measures are asso-
ciated with balance performance and tilt perception
in acute TBI are as yet unknown.

OPO05: Acute vertigo

OP05-1 - Acute Dizziness without
Nystagmus: Incidence and Predictors of
Stroke

21. Vascular Vertigo

Kwangdong Choi'

Jae-Hwan Choi?, Seo Young Choi’, Eun Hye OW,
Ji Yun Park’

! Department of Neurology, Pusan National
University Hospital, South Korea

2 Department of Neurology, Pusan National
University Yangsan Hospital, South Korea

3 Department of Neurology, Ulsan University
Hospital, South Korea

Purpose: The present study aimed to investigate the
prevalence of stroke and clinical predictors for diag-
nosing stroke in acute dizziness without nystagmus
where HINTS (Head Impluse, Nystagmus, Test of
Skew) examination can be hardly applied.

Methods: We performed a prospective, single-cen-
ter, observational study that had consecutively re-
cruited patients presenting acute dizziness without

nystagmus who did not have an obvious causes. All
patients received a constructed evaluation and brain
MRIs, and patients without a definite cause further
received perfusion-weighted imaging (PWI). Multi-
variable logistic regression was used to determine
clinical parameters to identify stroke in acute dizzi-
ness without nystagmus.

Results: The prevalence of stroke was approximate-
ly 60% in acute dizziness without nystagmus which
mostly comprised posterior circulation infarctions
involving the cerebellum and brainstem, and anteri-
or circulation infarctions in some. A few patients
showed hypoperfusion of the cerebellum, brainstem,
or the territory of internal carotid artery on PWI
without an infarction on diffusion-weighted image.
The higher risk of stroke in acute dizziness without
nystagmus was found in association with craniocer-
vical pain and focal neurologic symptoms/signs.

Conclusions: Acute dizziness without nystagmus
harbours higher incidence of stroke. However, bed-
side examination have a limitation in diagnosing
strokes in acute dizziness without nystagmus. Perfu-
sion imaging may help to indentify strokes in some
of unknown etiology. Associated craniocervical pain
and focal neurological symptoms/signs are the use-
ful clues for strokes in acute dizziness without
stroke.

OPO05-2 - False negative stroke in acute
dizziness

21. Vascular Vertigo

Jae-Hwan Choi'

Eun Hye Oh', Han-Jin Cho’, Min-Gyu Park’,
Seo-Young Choi’, Kwang-Dong Choi?

! Pusan National University Yangsan Hospital,
Neurology, South Korea

2 Pusan National University Hospital, Neurology,
South Korea

Purpose: To elucidate the characteristics of false
negative stroke causing acute dizziness.

Methods: Among patients with acute stroke pre-
senting with vestibular symptoms, we recruited 29
patients who showed initially negative diffusion
weighted image (DWI). Patients received a con-
structive neurological examination including HINTS
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“plus” (head impulse, nystagmus, test-of-skew plus
hearing), perfusion-weighted image (PWI), and fol-
low-up DWI. We analyzed the clinical features, ana-
tomical location and perfusion status.

Results: Time from onset of symptoms to initial and
follow-up DWI was 14.9 + 13.2 and 79.4 + 49.6
hours, respectively. The most frequently affected lo-
cation was the lateral medulla (n=14, 48%), fol-
lowed by the cerebellum (n=6, 21%), the pons (n=4,
14%), the lateral medulla and cerebellum (n=4,
14%), and the midbrain (n=1, 3%). Eleven patients
showed a perfusion defect in unilateral cerebellum
or lateral medulla which confirmed as acute stroke in
follow-up DWI. About half of patients presented
with isolated vestibular syndrome and 17 (59%) did
not have any nystagmus. Although the HINTS
“plus” battery identified false negative stroke with
greater sensitivity (92%) than focal neurological
signs (52%) or severe imbalance (48%), six patients
missed by bedside examinations and three of them
could be identified by only PWI.

Conclusions: Our study shows that false negative
stroke in acute dizziness can occur commonly in the
lateral medullary lesion. Some patients can present
with isolated vestibular syndrome without nystag-
mus, resulting in the limited application of bedside
examinations. PWI may help to identify false nega-
tive stroke in acute dizziness.

OP05-3 - Prospective evaluation of
cerebral lesion localization in acute
vestibular and ocular motor stroke

21. Vascular Vertigo

Andreas Zwergal'

Ken Mohwald'!, Elvira Lopez-Salazar?,

Hristo Hadzhikolev’, Thomas Brandt’, Marianne
Dieterich’, Klaus Jahn®
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2 Ludwig-Maximilians-University Munich,
Department of Neurology
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Balance Disorders (DSGZ)

’ Ludwig-Maximilians-University, Munich,
Department of Neurology, German Center for
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Purpose: To prospectively investigate cerebral le-
sion localization in patients with acute isolated ver-
tigo, dizziness or double vision due to acute stroke.

Methods: 342 adult patients submitted to the emer-
gency room with acute vertigo, dizziness or double
vision of unclear etiology were enrolled prospec-
tively in the EMVERT trial and underwent a stan-
dardized protocol of clinical, video-oculographic
and posturographic measurements as well as a MRI
within 7d after symptom onset. The MRI protocol
included DWI-/FLAIR-/T2-/T2*-/3D-T1-weighted
sequences and a TOF-angiography. MRIs with acute
DWI lesions were further processed using SPM-
based algorithms for lesion mapping.

Results: In 47 of the patients the MRI indicated
acute stroke (13.6%). The most frequent chief com-
plaint was dizziness (44.7%), followed by vertigo
(38.3%) and double vision (17.0%). In patients with
dizziness the lesions were found mostly in the lateral
PICA and SCA territories (involving the flocculus/
superior vermis), and the pontomesencephalic brain-
stem tegmentum (involving the ocular motor centers
for the pitch/role plane). Patients with vertigo fre-
quently had lesions in the medial PICA territory
(including the vermis/nodulus/uvula), the ponto-
medullary brainstem (involving the vestibular nu-
clei) and the parieto-insular vestibular cortex.
Patients with double vision had pontomesencephalic
and mesodiencephalic lesions. Lesion volume in pa-
tients with intratentorial strokes correlated with sub-
jective estimation of symptoms on a visual analog
scale.

Conclusions: Prospective evaluation of lesion local-
ization in acute vertigo and dizziness showed that
mostly the cerebellum was affected by strokes, with
some preference towards the medial cerebellar struc-
tures accociated with vertigo and lateral hemispheri-
cal structures accociated with dizziness. In the
brainstem pontomedullary lesions induced vertigo,
pontomesencephalic rather dizziness.
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OP05-4 - Spontaneous nystagmus
characteristics in posterior circulation
stroke

21. Vascular Vertigo

Luke Chen'

Michael Todd’, Michael Halmagyi’, Swee Aw?

! Faculty of Medicine, University of New South
Wales, Sydney

2 Department of Neurology, Royal Prince Alfred
Hospital, Sydney

Purpose: To characterize and compare spontaneous
nystagmus (SN) characteristics in posterior circula-
tion stroke (PCS) and acute unilateral peripheral
vestibulopathy (AUPV).

Methods: Eye movement was recorded <7 days
from vertigo onset with search coils in 41 PCS in-
volving anterior inferior, posterior inferior and supe-
rior cerebellar artery (13 AICA, 17 PICA, 3 SCA,
and lateral medulla (8 LM) confirmed by MRI and
20 AUPV. We determined the three-dimensional
magnitude of SN velocity (|]SPV|) with and without
visual fixation in the neutral position, and on viewing
ipsilesional and contralesional horizontal 20° targets.

Results: Following removal of visual fixation, [SPV|
increase was universal in AUPV (+4.7°/s), but vari-
ably present in AICA (+2.3°/s), PICA/SCA (+0.9°/s)
and LM (4+0.5°/s). On ipsilesional to contralesional
horizontal gaze change, |SPV| always increased in
AUPV (+2.9/s), but was inconsistent in PICA/SCA
(+ 0.1%/s), AICA (-0.2°/s) and LM (-1.2°/s). Whilst
no AUPV had direction changing nystagmus, this
was present in AICA (15%), PICA/SCA (35%) and
LM (13%). None of the AUPV had ipsilesional beat-
ing SN, though this was found in PICA/SCA (55%),
AICA (15%) and LM (12.5%). SN, whether with or
without visual fixation, was absent in 30% of PICA/
SCA, 39% of AICA and 12.5% of LM.

Conclusions: Contrary to conventional view, re-
moval of visual fixation can increase SN in PCS, al-
beit less strongly than in AUPV. SN changes variably
on contralesional horizontal gaze shift, but always
increases in AUPV. These findings have potential di-
agnostic implication and quantitative SN analysis
should be further explored in future video-oculogra-
phy study.

OPO05-5 - Truncal Ataxia in the
Differential Diagnosis of Acute
Vestibular Syndrome

21. Vascular Vertigo

Sergio Carmona'

Guillermo Zalazar!, Carlos Martinez?, Marcela
Moro?

' Neuro-otology. Fundacion San Lucas. Rosario.
Argentina

2 Neurology. Cullen Hospital. Santa Fe. Argentina

Purpose: To demostrate the utility of vestibulo-spi-
nal signs to differentiate posterior fossa stroke from
vestibular neuritis in Acute Vestibular Syndrome

Methods: HINTS protocol set a new paradigm to
differentiate peripheral vestibular disease from
stroke in patients with acute vestibular syndrome
(AVS). The relationship between degree of truncal
ataxia and stroke has not been systematically stud-
ied. We studied a group of 114 patients who were
admitted to a General Hospital due to AVS, 72 of
them with vestibular neuritis (based on positive head
impulse, abnormal caloric tests, and negative MRI)
and the rest with stroke: 32 in the posterior inferior
cerebellar artery (PICA) territory (positive HINTS
findings, positive MRI) and 10 in the anterior infe-
rior cerebellar artery (AICA) territory (variable find-
ings and grade 3 ataxia, positive MRI).

Results: Truncal ataxia was measured: grade 1, mild
to moderate imbalance with walking independently;
grade 2, severe imbalance with standing, but cannot
walk without support; and grade 3, falling at upright
posture. With HINTS protocol to our sample, we ob-
tained 100% sensitivity and 94.4% specificity. Only
those patients with stroke presented with grade 3
ataxia. With grade 2 ataxia (n = 38), 11 had cerebel-
lar stroke and 28 had vestibular neuritis. Grade 2—3
ataxia was 92.9% sensitive and 61.1% specific to
detect AICA/PICA stroke in patients with AVS, with
100% sensitivity to detect AICA stroke. In turn, two
signs (nystagmus of central origin and grade 2-3
Ataxia) had 100% sensitivity and 61.1% specificity.

Conclusions: Ataxia is less sensitive than HINTS
but much easier to evaluate.
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OP05-6 - VOG vs MRI-All for Stroke
Diagnosis of Vertigo in Emergency
Departments: Cost Effectiveness
Analysis

21. Vascular Vertigo

Maningbe Keita!

William Padula’, David Newman-Toker’

! Johns Hopkins Bloomberg School of Public
Health

2 Johns Hopkins University School of Medicine

Purpose: 4.4 million US emergency department
(ED) visits occur annually for acute vertigo/dizzi-
ness (cost: 10 billion USD). Approximately 5% of
these patients have strokes, yet one-third are misdi-
agnosed. Current care uses computerized tomogra-
phy scans, despite low sensitivity. Magnetic
resonance imaging (MRI) has a higher sensitivity
but may increase costs. Eye movement-based bed-
side diagnosis accurately differentiates strokes from
ear disease but requires clinical expertise. This ab-
stract compares the cost effectiveness of VOG-guid-
ed vs. MRI-all diagnostic methods relative to current
diagnostic care for ED patients presenting acute ver-
tigo/dizziness.

Methods: One year, decision tree, cost-effective-
ness analysis of diagnostic evaluation among ED
patients presenting dizziness of a neuro-vestibular
cause (stroke, vestibular neuritis, benign paroxysmal
positional vertigo, and vestibular migraine/Me-
niere’s disease). Probability, utility, and cost param-
eters were determined through literature review
supplemented by expert opinion. Outcomes were
measured in units of cost (USD, 2016) and effective-
ness (health utility ranging from 0 to 1 in quality-
adjusted life years [QALY's]) to calculate incremental
cost-effectiveness ratios (ICERs).

Results: Compared to current care ($4183, 0.69),
VOG-guided care incurred significantly lower cost
and higher health utility ($3683, 0.73), while the
MRI-all pathway resulted in higher costs for the
same health utility ($4602, 0.69). VOG-guided care
dominates both current care (ICER: -$12,497) and
MRI-all (ICER: -$22,981) strategies, translating to
88,000 QALY gained and >1 billion USD saved
each year if routinely implemented in ED clinical
practice nationwide.

Conclusions: VOG-guided diagnosis could save
lives and reduce costs. Future research should focus
on prospective validation of VOG-guided diagnosis
and barriers to its dissemination.

OPO06: Vestibular Prosthesis

OP06-1 - First-in-human Safety and
Preliminary Efficacy Results for the
MVI Multichannel Vestibular Implant

26. Vestibular Prosthesis

Peter J Boutros!

Desi Schoo!, Mehdi Rahman?, Nicolas S Valentin®,
Margaret Chow', Yoav Gimmon', Stephen
Bowditch!, Andreas Hofner®, Aitor Morillo Rascon®,
Andreas Marx’, Ross Deas’, Stefan Strasser’, Gene
Y Fridman’, Natan S Davidovics’, Dale C Roberts’,
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! Vestibular NeuroEngineering Laboratory, Johns
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2 Labyrinth Devices, LLC, USA

3 Med-El GmbH, Austria

Purpose: In rodents and nonhuman primates with
bilateral vestibular hypofunction, we previously
demonstrated that motion-modulated current pulses
delivered via electrodes in the ampullae can partially
restore the 3D angular vestibulo-ocular reflex (VOR)
while partially preserving hearing. Based on those
studies, we initiated a first-in-human clinical trial of
continuous motion-modulated prosthetic stimulation
using the MVI™ Multichannel Vestibular Implant
system developed by Labyrinth Devices LLC and
MedEl GmbH.

Methods: Four subjects underwent unilateral im-
plantation; two were observed overnight and two
were discharged the same day. VOR responses to
0.5-5 Hz passive head or whole-body rotation and
prosthetic stimulation; pure tone and speech audi-
ometry; and metrics of posture, gait, dynamic visual
acuity and quality of life were assessed during 2-14
months of continuous MVI™ use.
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Results: Electrically-evoked VOR responses typi-
cally ranged from 5-40°/s and aligned approximate-
ly with the stimulated canal for >1 electrode in each
of 3 canals in each implanted ear. VOR responses
were typically smaller than those for similar currents
in animals, but significantly greater with motion-
modulated stimulation than without. Motion percep-
tion thresholds are below VOR thresholds. Hearing
sufficient for unaided communication was preserved
in all subjects. At >6 mos postop, subjects 1-3 have
preserved hearing except for high-frequency SNHL;
at 8wks postop, subject 4 has a HFSNHL and 25dB
speech reception threshold change.

Conclusions: The MVI™ gsystem can be implanted
in outpatient surgery, generates motion percepts and
3D binocular VOR responses consistent with selec-
tive stimulation of 3 implanted canals, and can be
implanted with preservation of useful hearing.

OPO06-2 - Multichannel Vestibular
Implant Early Feasibility Study: Gait
and Posture Qutcomes

26. Vestibular Prosthesis

Margaret Chow'
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4 Med-El GmbH, Austria

Purpose: The Labyrinth Devices MVI™ Multi-
channel Vestibular Implant system is intended to
treat severe-to-profound bilateral vestibular loss
(BVL) in individuals who remain severely symp-
tomatic despite vestibular rehabilitation by encoding
head rotation information via pulsatile electrical
stimulation to the vestibular afferent nerve. We in-
vestigated the efficacy of the MVI™ system on gait
and balance of four study participants enrolled in the
Multichannel Vestibular Implant Early Feasibility
Study.

Methods: Devices were implanted in the left ears of
the four participants. After onset of chronic, motion-
modulated stimulation, subjects wore their MVI™
systems 24 hr/day and were evaluated at 10 time-
points within 1-45 weeks after activation. We quan-
tified performance using the Modified Romberg
Test, Bruininks-Oseretsky Test Edition 2, Subtest 5
(BOT™), Timed Up and Go (TUG), Dynamic Gait
Index (DGI) and gait metrics collected by a GAI-
TRite™ system while the MVI™ system delivered
either motion-modulated or constant-rate stimula-
tion. We fit a linear mixed-effect model to quantify
outcomes as functions of subject, condition (modu-
lation vs. baseline) and time.

Results: All subjects reported improvement in activ-
ity level. BOT™ score improved compared to pre-
implantation. Gait metrics did not exhibit consistent
changes. DGI improved more than the clinical mini-
mal detectable change (3.2 points) in three patients.
One subject exhibited a clinically significant in-
crease in time-to-failure during a modified Romberg
test with eyes closed, standing on foam. TUG scores
improved significantly (p<0.05) for two of the four
participants.

Conclusions: These data demonstrate that motion-
modulated prosthetic input from the MVI™ system
provides sensory input that may influence gait and
balance in subjects with BVL.

OP06-3 - Multichannel Vestibular
Implant Early Feasibility Study: Safety
and Audiometric Outcomes

26. Vestibular Prosthesis
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Purpose: The Labyrinth Devices MVI™ Multi-
channel Vestibular Implant system is an investiga-
tional device which intends to continuously provide
a motion-modulated electrical stimulus to unilateral
afferent vestibular nerve branches driving the ves-
tibulo-ocular reflex in patients with bilateral vestibu-
lar loss (BVL). This report aims to characterize
safety outcomes, including measurements of cochle-
ar function, in this first-in-human clinical trial.

Methods: Four participants with BVL confirmed by
clinical history and caloric testing were consented
and underwent implantation with the MVI™ device.
We recorded safety outcomes including adverse
events (AE), serious adverse events (SAE), pure-
tone audiometry, and ear specific speech audiometry.

Results: Intralabyrinthine position of MVI™ elec-
trodes near their target ampullaec was confirmed in
all 4 participants (MVI001-MVI004). We observed
a favorable AE profile related primarily to stimula-
tion errors. No SAE related to implantation or stimu-
lation have been encountered.

Hearing in the implanted ear was mostly, but not com-
pletely, preserved and has remained stable up to 11
months postimplantation for MVI001-MVI003. Air
conduction pure tone thresholds are within 10dBHL
of pre-implantation (0.125-8kHZ) in MVIOO1.
MVI002-MVI003 retained hearing in the normal
range for 125-2000Hz and exhibited a new 40-
70dBHL high-frequency sensorineural hearing loss
(SNHL) at 4-8kHz. At six weeks postimplantation,
MVI004 demonstrated a new moderate low-frequen-
cy SNHL for range 125-2000Hz and a 75-85dBHL
high-frequency SNHL from 4000-8000Hz.

Conclusions: While a larger sample size is needed
for a statistically robust estimation of risk, this data
demonstrates that implantation of MVI™ electrodes
can be performed safely while preserving hearing to
adegreesufficientto supportunaided communication.

OP06-4 - Multichannel Vestibular
Implant: Continuous Restoration of the
Human Vestibulo-Ocular Reflex

26. Vestibular Prosthesis
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Purpose: Individuals with bilateral vestibular loss
(BVL) suffer poor visual acuity during head motion,
chronic disequilibrium and postural instability. Elec-
trical stimulation of vestibular afferent neurons to
partially restore the vestibulo-ocular reflex (VOR)
has been effective in animal models of BVL. The
Labyrinth Devices MVI™ Multichannel Vestibular
Implant (manufactured by Med-El GmbH) was de-
signed to sense 3D head motion and continuously
provide artificial stimulation to the branches of the
vestibular nerve to encode different components of
head motion.

Methods: Four subjects with BVL were implanted
in the left ear with MVI™ stimulators, with an
array of electrodes inserted into each semicircular
canal (SCC). An earth-vertical rotary chair provided
en bloc sinusoidal rotations in darkness over 0.1—
2Hz at 100°/s peak velocity. Additionally, head
velocity waveforms were encoded via electrical
stimulation with the subject’s head stationary to
directly observe the electrically-evoked VOR. 3D
eye movements were recorded using 3DBinoc™
video-oculography goggles (Labyrinth Devices,
LLC) pre-operatively, post-op/pre-activation and
up to 8 weeks post-activation.

Results: Subjects activated with the MVI™ com-
pensated to the prosthetic stimulation in ~35 min-
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utes. Post-activation, all subjects reported
improvements in visual and postural stability. Elec-
trical stimulation of individual SCC branches pro-
duced conjugate 3D eye movements aligned with
the intended SCC axis. Rotary chair testing pro-
duced greater VOR gains during motion-modulated
stimulation than with placebo stimulation for all
subjects.

Conclusions: Coupled with durable and significant
subjective benefit, VOR responses measured in hu-
mans during whole-body rotation with and without
motion-modulated MVI™ stimulation support the
hypothesis that prosthetic vestibular nerve input ef-
fectively drives vestibulo-cerebellar VOR circuits.

OP06-5 - The vestibular implant input
interacts with residual natural function

26. Vestibular Prosthesis

Raymond van de Berg'

Nils Guinand’, Maurizio Ranieri’, Samuel
Cavuscens’, Khoa Nguyen®, Jean-Philippe Guyot’,
Florence Lucieer', Dmitrii Starkov’, Herman
Kingma', Marc van Hoof', Angelica Perez-Fornos’
! Division of Balance Disorders, Department of
Otorhinolaryngology and Head and Neck Surgery,
Faculty of Health Medicine and Life Sciences,
Maastricht University Medical Center, Maastricht,
Netherlands

2 Service of Otorhinolaryngology and Head and
Neck Surgery, Department of Clinical
Neurosciences, Geneva University Hospitals,
Geneva, Switzerland
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Purpose: To investigate how “artificial” VI-input is
integrated with residual “natural” input by the cen-
tral vestibular system.

Methods: Five vestibular electrodes in 4 BV-pa-
tients implanted with a vestibular implant were
available. This involved electrodes with a predomi-
nantly horizontal response and electrodes with a pre-
dominantly vertical response. Responses to
predominantly horizontal residual “natural” input

and predominantly horizontal and vertical “artifi-
cial” VI-input were separately measured first. Then,
inputs were combined in conditions where both
would hypothetically collaborate or counteract.
Each condition involved 60 cycles of 1Hz sinusoidal
stimulation. Gain, asymmetry, phase and angle of
eye responses were calculated.

Results: Combining residual “natural” input and
“artificial” VI-input resulted in an interaction in
which characteristics of the resulting eye movement
responses could significantly differ from those ob-
served when responses were measured for each in-
put separately (p<0.0013). In the total eye response,
inputs with a stronger vector magnitude seemed to
have stronger weights than inputs with a lower vec-
tor magnitude, in a non-linear combination. “Artifi-
cial” VI-input was able to significantly influence and
counteract the response to residual “natural” input.

Conclusions: In the acute phase of VlI-activation,
residual “natural” input and “artificial” VI-input
interact to generate eye movement responses in a
non-linear fashion. This implies that different
stimulation paradigms and more complex signal
processing strategies will be required unless the
brain is able to optimally combine both sources of
information after adaptation during chronic use.
Next to this, these findings could pave the way for
using the VI as “vestibular pacemaker”.

OP06-6 - Combined stimulation of
multiple canals to map a vestibular
prosthesis.

26. Vestibular Prosthesis

James Phillips'

Leo Ling!, Christopher Phillips', Amy Nowack’,
Kaibao Nie’, Jay Rubinstein’

! University of Washington/Otolaryngology-HNS/
USA

2 University of Washington/Bioengineering/USA

Purpose: Vestibular prosthesis technology is rapidly
advancing, and techniques to optimize stimulation
with such devices are being developed. Still, most
controlled stimulation with such devices are per-
formed by rotation in canal planes with observation
of slow phase eye movement. Typically, this stimu-
lation results in activation of single electrode arrays,
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targeting the afferents of single canals. In these ex-
periments, we performed systematic combinations
of stimulations across multiple semicircular canals
to see if there was a strict algebraic addition of the
eye movement velocities associated with single ca-
nal stimulation.

Methods: Rhesus monkeys were unilaterally im-
planted with a vestibular prosthesis based on a co-
chlear implant. Eye movements were recorded with
surgically implanted scleral coils during head re-
straint in complete darkness. 2s trains of fixed cur-
rent amplitude and pulse frequency monopolar
stimuli were used to drive slow phase eye move-
ments. Pseudorandomly, combinations of such pulse
trains were also performed to produce eye move-
ments resulting from stimulation of 2 or more canals
together.

Results: Consistent responses were evoked from ei-
ther single or multiple canal stimulation. Single ca-
nal stimulation yielded eye movements that were
predominately in the plane of the stimulated canal.
However, combined stimulation of multiple canals
did not result in the vector sum of the velocities elic-
ited by single canal stimulation.

Conclusions: Multiple canal stimulation may pro-
duce temporal integration of activations resulting
from current spread between electrodes in different
canals, which are activated sequentially during com-
bined stimulation. Programming strategies may
need to take such interactions into account for opti-
mal stimulation during natural behaviors.

OP06-7 - Electrically Evoked
Compound Action Potentials in Patients
with a Hybrid Cochlear-Vestibular
Implant

26. Vestibular Prosthesis

T. A. Khoa Nguyen!

Konrad Schwarz?, Samuel Cavuscens’, Maurizio
Ranieri®, Jean-Philippe Guyot®, Raymond van de
Berg?, Silvestro Micera’, Herman Kingma?, Nils
Guinand’, Angelica Perez Fornos’®

! Department of Neurosurgery, University Hospital
Bern, Bern, Switzerland

2 MED-EL, Innsbruck, Austria

3 Cochlear Implant Center for French Speaking
Switzerland, Service of Otolaryngology-Head &
Neck Surgery, Geneva University Hospitals,
Geneva, Switzerland

“ Division of Balance Disorders, Department of
Otorhinolaryngology and Head and Neck Surgery,
Maastricht University Medical Center, Maastricht,
Netherlands

3 Bertarelli Foundation Chair in Translational
Neural Engineering, Center for Neuroprosthetics,
EPF Lausanne, Switzerland

Purpose: To characterize electrically evoked com-
pound action potentials (eCAPs) using electrodes
implanted in the cochlea and in the peripheral ves-
tibular system.

Methods: Patients with bilateral vestibular loss and
severe hearing loss received a hybrid cochlear-ves-
tibular implant (MED-EL, Austria). We recorded
eCAPs in 4 implanted patients for three setups: i) a
cochlear setup, where stimulation and recording
electrode were in the cochlear array; ii) a mixed set-
up, where the stimulation electrode was in the co-
chlear array and the recording electrode in a
vestibular branch or vice versa; and iii) a trans-canal
setup, where the stimulation electrode was in one
vestibular branch and the recording electrode in an-
other vestibular branch. In one subject, we addition-
ally measured eCAPs during continuous stimulation
to investigate potential adaptation mechanisms.

Results: We successfully recorded eCAPs for all
setups. Cochlear-vestibular and vestibular-vestibu-
lar eCAPs exhibited similar morphology as cochle-
ar-cochlear eCAPs with two peaks. However,
peak-to-peak voltages for cochlear-cochlear eCAPs
were markedly larger than for the other setups. Am-
plitude growth functions for all setups displayed sig-
moidal shape with distinct segments below and
above threshold. Recovery functions for cochlear-
cochlear ¢CAPs had a clearer exponential shape
than the other setups. The investigation of eCAPs
during continuous stimulation revealed very fast ad-
aptation of the responses.

Conclusions: Our findings suggest that eCAP re-
cordings with a vestibulo-cochlear implant could be
used to reduce erroncous activation of non-target
neurons by primarily guiding electrode placement
during surgery. Post-operatively, the recordings
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could be leveraged to aid implant programming and
as supplemental information about neuronal activa-
tion during chronic use.

OPO08: Rehabilitation of
vestibular disorders (1)

OPO08-1 - The effect of darkness on
human head impulse catch-up saccades

23. Vestibular Compensation and Rehabilitation

Jacob M Pogson'

Leigh McGarvie?, Rachael L Taylor’, Andrew
Bradshaw?, G Michael Halmagyi’, Miriam S
Welgampola®

' Sydney Medical School, University of Sydney,
Camperdown Australia

2 Institute of Clinical Neuroscience, Royal Prince
Alfred Hospital, Camperdown, Australia

Purpose: In health, a rapid passive head-impulse
generates an equal and opposite smooth eye-move-
ment, driven by the vestibulo-ocular reflex (VOR).
In vestibular loss, this smooth eye-movement is im-
paired and a compensatory ‘catch-up’ saccade main-
tains the eyes on target. We sought to determine the
vestibular and visual contributions to catch-up sac-
cades in health and disease.

Methods: We studied 18 normal controls, 22 sub-
jects after total unilateral vestibular-deafferentation
(UVD) and 10 subjects with bilateral vestibular loss
(BVL). All subjects were tested in bright light and
total darkness with the video head impulse test
(VHIT, GN Otometrics), head and eye velocity data
were processed offline (LabView, NI). Statistical
analysis used GLM and GEE models and Fischer’s
exact test.

Results: In normals we detected a higher prevalence
of small (0.6-1.3°, p=0.01) overt-saccades in the
light (59%) compared with the dark (29%, p<0.000)
while covert-saccades were very rare (0.5-1%,
p=0.04). In UVD subjects, ipsilesional impulses
conducted in light and dark generated covert-sac-
cades of similar frequency (69 and 65%, p=0.08),
magnitude (6.9 and 6.6°, p=0.68), and onset-latency

(123 and 117ms, p=0.06). In contrast, in BVL sub-
jects, covert-saccades were more frequent (56 vs
30%, p=0.00) of larger magnitudes (7.8 vs 4.3°,
p=0.00) in light compared with darkness, but oc-
curred at similar onset-latencies (135 and 131ms,
p=0.51). Saccade peak velocities greater than 100°/s
were lower in darkness (p<0.01).

Conclusions: Our results indicate that ipsilesional
covert-saccades in UVD are a conditioned response
to contralateral vestibular input. Covert-saccades in
BVL however are light-dependant. These multisen-
sory catch-up saccades could prove useful in track-
ing vestibular-rehabilitation.

OP08-2 - Sensory Substitution
quantified via the Oculus Rift in Patients
with Vestibular Dysfunction

23. Vestibular Compensation and Rehabilitation

Anat Lubetzky'

Jennifer Kelly?, Bryan Hujsak’

"' New York University, Department of Physical
Therapy, USA

2 The New York Eye and Ear Infirmary of Mount
Sinai, The Ear Institute, Hearing and Balance
Center, Vestibular Rehabilitation, USA

Purpose: Patients with vestibular dysfunction typi-
cally employ a sensory substitution strategy by over-
ly relying on visual or somatosensory cues. Our
aims were: 1) assess the direct/inverse relationship
of the sensory integration process, i.e., whether the
weight of one sensory system decreases when the
weight of another increases; 2) test whether these
sensory substitution strategies are associated with
self-reported disability via the Dizziness Handicap
Inventory (DHI) and Activities-Specific Balance
Confidence (ABC).

Methods: Twenty individuals with peripheral ves-
tibular dysfunction and 16 age-matched controls
(age range 24-81 and 24-79 respectively) were wear-
ing the Oculus Rift and observed a 3-wall display of
moving spheres in 2 scenes: (1) anterior-posterior
movement (large 32mm amplitude, frequency
0.2Hz) and (2) medio-lateral movement (small
4.5mm amplitude, 0.48Hz). We quantified visual de-
pendence via gains and postural sway directional-
path in the anterior-posterior plane in scene (1), and
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somatosensory dependence via differences in direc-
tional-path for scene (2) between compliant and
stable surfaces.

Results: Both visual and somatosensory depen-
dence increased with age and this effect was more
pronounced in patients with vestibular dysfunction.
Among the patients, 4 were more visually depen-
dent, 3 more somatosensory dependent and the rest
were high or low on both. Visual dependence was
significantly and negatively correlated at -0.7 (gains)
and -0.6 (directional-path) with ABC but not with
DHI. Somatosensory dependence was not signifi-
cantly correlated with ABC or DHI.

Conclusions: The sensory weighting process was
not inversely dependent in all patients. Patients who
were visually dependent displayed reduced balance
confidence in their daily living but not increased
dizziness-related disability.

OPO08-3 - Accel. and velocity vHIT gains
after unilateral vestibular loss: Insights
into neural compensation

23. Vestibular Compensation and Rehabilitation

John H.J. Allum!

Taylor W Cleworth®, Paul Kessler’, Flurin
Honegger', Mark G Carpenter’

! Department of ORL, University of Basel Hospital,
Basel, Switzerland

2 School of Kinesiology, University of British
Columbia, Vancouver, BC, Canada

3 Department ofORL, Cantonal Hospital of Basel-
Land, Switzerland

Purpose: An acute unilateral peripheral vestibular
deficit (aUPVD) causes deficient vestibular ocular
reflex (VOR) control. The subsequent improvement
of VOR deficit and contra-deficit side gains could be
due to a greater increase in acceleration (phasic)
than velocity (tonic) sensitive neural compensation
(Minor and Lasker, JVR 2009). We examined this
hypothesis using lateral video head impulse tests
(VHIT).

Methods: 60 patients with vestibular neuritis were
examined at aUPVD onset, 3 and 6 weeks later. Ac-
celeration gain was computed as eye/head velocity
over £12ms around peak head acceleration. Velocity
gain was calculated as eye/head velocity over £12ms

around peak head velocity with eye velocity shifted
8ms because it lags head velocity.

Results: Deficit side acceleration gains increased
(p<0.01) from 0.46 at onset to 0.69 at both 3 and 6
weeks, and contra-deficit side acceleration gains
from 0.88 to 0.96 respectively. Deficit side velocity
gains increased (p<0.01) from 0.28 to 0.55 at both 3
and 6 weeks, and contra-deficit side velocity gains
(p<0.05) from 0.82 to 0.90 respectively. Deficit side
acceleration gain was significantly (p<0.01) higher
than velocity gain at onset and at 3 weeks. Contra-
deficit side velocity gains were still <1.0 at 6 weeks.
Contra-deficit side acceleration gains were not dif-
ferent from 1.0 at 3 weeks. Improvement for both
gains types post onset was similar.

Conclusions: These results indicate that greater ac-
celeration rather than velocity sensitive compensa-
tory neural mechanisms are active during the first 6
weeks of compensation for an aUPVD. The weaker
velocity compensation is also apparent in contra-
deficit side responses.

OP08-4 - Assessment of vestibulo-ocular
reflex gain and catch-up saccades during
Vestibular Rehabilitation

23. Vestibular Compensation and Rehabilitation

Augusto Pietro Casani'
Elena Navari', Niccolo Cerchiai’
! Pisa University Hospital, Italy

Purpose: to assess, in patients referred to vestibular
rehabilitation (VR) for persistence of disability after
acute unilateral vestibulopathy (AUV), whether the
video Head Impulse Test (VHIT) can be a useful
technique in order to define patients’ recovery.

Methods: 30 patients were prospectively evaluated,
the main outcome measures included Dizziness
Handicap Inventory score (DHI), high-velocity ves-
tibulo-oculomotor reflex gain, asymmetry index,
and catch-up saccade parameters. The tests were all
performed at the beginning (4 and 8 weeks from the
onset of the AUV), and after 10 weeks (end of the
VR program).

Results: all patients reported a clear clinical im-
provement after VR, also demonstrated by better
DHI scores (p < .001). A consistent increased gain
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and decreased asymmetry index were also observed
(p <.001 for both). Patients did not show any change
in covert saccades, while a statistically significant
reduction of the number and amplitude of the overt
saccades was interestingly detected (p=.009 and
p=.030, respectively).

Conclusions: VR is a valid approach for patient
with residual disability after AUV. A reduction in
number and amplitude of overt saccades seems to be
related to clinical improvement.

OP08-5 - Behavioral Evidence for
Independently Modifiable Neural
Circuits Mediating Concurrent VOR
Adaptation

23. Vestibular Compensation and Rehabilitation

Yoav Gimmon'

Americo Migliaccio®, Chris Todd’, Will Figtree?,
Michael Schubert!

! Laboratory of Vestibular NeuroAdaptation,
OHNS, Johns Hopkins University, USA

2 Balance and Vision Laboratory, Neuroscience
Research Australia

Purpose: Patients with unilateral damage to the Ves-
tibulo-Ocular Reflex (VOR) typically also have a
slightly reduced VOR gain (eye/head velocity) dur-
ing contra-rotational head rotation due to loss of af-
ference from the crossed inhibitory commissural
vestibular pathway. Here, we conduct behavioral
experiments to examine whether motor learning in
the VOR is supported by separate and independently
modifiable neural circuits. We sought to examine if
the VOR could be driven simultaneously in opposite
directions, i.e., increase for rotations to one side and
decrease to the other.

Methods: Fourteen healthy subjects were each test-
ed over three separate days to three randomly-ap-
plied paradigms of concurrent (right and left head
rotation) VOR adaptation: 1) Up-gain bilaterally; 2)
Down-gain bilaterally, or 3) Mixed (one side up, op-
posite side down). We used the unilateral incremen-
tal VOR adaptation technique with horizontal active
head impulses as the vestibular stimulus. Active and
passive VOR gains were measured before and after
training.

Results: All three adaptation sessions caused sig-
nificant Pre to Post VOR gain change (p<0.001) for
both active and passive head rotation. Significant
correlation between post training gain values and
training condition was found (Pearson’s r=0.663).
Linear regression predicted 51% of our result. There
was no difference in the magnitude of VOR gain
change between Up-gain to Mixed-Up (side) and
Down-gain to Mixed-Down (side) trainings.

Conclusions: The right and left VOR can be driven
concurrently in opposite directions, suggesting me-
diation from at least two independently modifiable
neural circuits. This may be useful for developing
rehabilitation strategies that reduce the VOR asym-
metry in vestibular hypofunction.

OP08-6 - Effects of saccular function on
recovery of subjective dizziness after
vestibular rehabilitation

23. Vestibular Compensation and Rehabilitation

Junhui Jeong'

Dae Bo Shim?, Jinsei Jung®, Sung Huhn Kim’

! National Health Insurance Service Ilsan Hospital,
Department of Otorhinolaryngology, Republic of
Korea

2 Myongji Hospital, Department of
Otorhinolaryngology, Republic of Korea

* Yonsei University College of Medicine,
Department of Otorhinolaryngology, Republic of
Korea

Purpose: We attempted to investigate whether the
integrity of saccular function influences the severity
of subjective dizziness after vestibular rehabilitation
in vestibular neuritis.

Methods: Forty-six patients with acute unilateral
vestibular neuritis were included and analyzed retro-
spectively. All patients completed vestibular reha-
bilitation therapy until their computerized dynamic
posturography and rotary chair test results were sig-
nificantly improved. The rehabilitation patients were
classified into the normal to mild subjective dizzi-
ness and moderate to severe subjective dizziness
groups according to the dizziness handicap invento-
ry score (cut-off of 40). Differences between the two
groups were analyzed.
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Results: After rehabilitation, 32.6% of the patients
still complained of moderate to severe dizziness.
Age, gender distribution, the presence of comor-
bidities, caloric weakness, pre- and post-rehabilita-
tiongainvaluesinrotary chairtest, post-rehabilitation
composite scores in posturography, and the dura-
tion of rehabilitation were not significantly different
between the two groups. However, initial DHI score
and composite score in dynamic posturography
were worse and the proportion of patients with ab-
sent cervical vestibular-evoked myogenic potential
in the moderate to severe group was much higher
(93.3% vs. 35.5%, p <0.001). After multiple regres-
sion analysis of those factors, initial DHI score and
absent cVEMP response were identified as being
associated with higher post-rehabilitation DHI
score.

Conclusions: Saccular dysfunction in acute vestibu-
lar neuritis can contribute to persistent subjective
dizziness, even after the objective parameters of ves-
tibular function tests have been improved by vestib-
ular rehabilitation.

OP08-7 - Efficacy of Gaze Stabilisation
Exercises in Vestibular Dysfunction: A
Systematic Review

23. Vestibular Compensation and Rehabilitation

Dara Meldrum!'

Evan Farrell’, Regina Halpin®, Colm O’Haré’,
Mark Wahba?, Olive Lennon’

!'School of Medicine, Trinity College Dublin

2 School of Public Health, Physiotherapy and Sports
Science, University College Dublin

Purpose: This systematic review examined evi-
dence for efficacy of gaze stabilisation (GS) exer-
cises as a stand-alone treatment or part of
multimodal treatments for vestibular dysfunction.
Comparators were sham/placebo, usual care or ves-
tibular rehabilitation (VR) excluding GS exercises.
Primary outcomes evaluated were dynamic visual
acuity (DVA) and self-reported dizziness.

Methods: Electronic databases were searched from
inception to January 1% 2017. Randomised con-
trolled trials of adults with confirmed vestibular dis-
ease where VR (including or comprising solely of
GS exercises) in comparison to sham/placebo, usual

care or VR excluding GS exercises were tested . Re-
cords were assessed by two independent reviewers.

Results: 22 studies, n=765 adults, were included
with n=9 providing data for meta-analysis. When
VR (including GS exercises) was compared with
sham/no treatment, no DVA outcomes could be eval-
uated, but promising effects on Dizziness Handicap
Inventory Scores (DHI) were noted from 2 studies
with mixed and unspecified dysfunction (n=65 sub-
jects; MD: -13.85; p=0.008 1? 68%). When VR (in-
cluding GS exercises) was compared with VR
(excluding GS exercises), no effect and high hetero-
geneity was noted in n=2 peripheral dysfunction
studies on DVA (n=19 subjects; SMD: 0.84; p=0.14;
I? 82%). Similarly, from n=5 studies, no effect on
DHI total was observed (n=114 subjects; SMD:
-0.13; p=0.50 I*47%).

Conclusions: When considered as a stand-alone in-
tervention or in addition to VR, insufficient data ex-
ist to conclusively address by meta-analysis, the
efficacy of GS exercises on DVA in vestibular dis-
ease. Individual small RCTs demonstrated efficacy
but could not be included in the MA due to heterog-
enous outcomes. Larger RCTs are required.

OP09: BPPV (I)

OP09-1 - A new numerical model : speed
of migration of otonia under gravity
action depending of their size.

4. Benign Paroxysmal Position Vertigo

THOMAS RICHARD-VITTON!

AMITA TRIPATHF

! Private Clinic of Marignane-France

2 Fluidyn Computational Fluid Dynamics Saint-
Denis-France

Purpose: Canaliths disorders are probably a larger
group than the BPPVs, including these lasts but also
a part of the dizziness with some symptoms that are
not positional vertigo. We will present the results of
the numerical model of the spontaneous migration of
otoconia into a semi-circular canal under gravity ac-
tion depending of their size. Secondary we will apply
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some hypergravity environment to reproduce the ef-
fect of mechanical assisted manoeuvres with the TRV
CHAIR® that is used to help to treat canaliths disor-
ders, and to measure its effects on particles migration.

Methods: We built a mathematical model of a canal
with the same size that a posterior canal, 20 millime-
ters long and 150 micrometers diameter. Various
sizes of particles were reproduced. Only gravity,
then 0,75; 1 and 1,5 G deceleration were tested.

Results: The smallest particles (3,5 micrometers)
take 70 minutes to make the trip of 20 millimeters
from the cupula to the exit when the biggest (30 mi-
crometers) make it within 30 seconds and it takes 6
minutes for a middle sized one (10 micrometers).
The application of one G deceleration vetcor to the
3,5 sized particle makes its instantaneous speed 500
time faster.

Conclusions: The size of the particles have a very
important influence to the sensivity of these lasts to
gravity. It leads to consider that the canaliths
disorders should have some very various expression
depending of the size of the particles, and their
number. The use of some mechanical assistance
could be interesting to improve the canaliths
disorders management.

OP09-2 - Association between serum
vitamin D levels and BPPV in elderly
patients

4. Benign Paroxysmal Position Vertigo

Wang Liyi'
! ENTdepartment, Beijing hospital, China

Purpose: To investigate the association between se-
rum vitamin D levels and benign paroxysmal posi-
tional vertigo in elderly patients.

Methods: 64 cases of elderly patients over 60 years
old with BPPV as BPPV group and 100 cases of el-
derly people who got physical examination at the
same period as the control group. The serum 25-hy-
droxyvitamin D, concentration of the two groups
was analyzed.

Results: The 25-hydroxyvitaminD, was significant
lower in BPPV group than in controlP0.01The serum

25-hydroxyvitamin D, concentration was no
significant difference between male BPPV patients
and female BPPV patients. There was higher
prevalence of vitamin D deficiency and severe
deficiency in BPPV group than in control groupP0.01.

Conclusions: Vitamin D deficiency may be a risk
factor for the onset of BPPV in elderly patients.

OP09-3 - Clinical investigation and
analysis of the risk factors of benign
paroxysmal positional vertigo

4. Benign Paroxysmal Position Vertigo

Zhan-guo Jin'

Xiao-xu Chen', Jian-chang Wang'

! General Hospital of Air Force, Aerospace Balance
Medical Center, Beijing, China

Purpose: To investigate the risk factors of the
recurrent reason of the benign paroxysmal positional
vertigo.

Methods: A total of 175 elderly patients with pri-
mary BPPV confirmed our center who underwent
repositioning therapy and were followed up for 12
months were retrospectively analyzed. The follow-
up results were divided into 61 cases of recurrent
BPPV patients and 141 cases of non-recurrent BPPV
patients. During the same period, 73 young middle-
aged patients were randomly selected as control
group. The influencing factors of the recurrent BPPV
was analyzed by Logistic regression method.

Results: There was no significant difference in age
(68.03/66.71, P=0.107), sleep disturbance (48/127,
P=0.129) and hypertension (96/79, P=0.065), but the
difference was statistically significant in diabetes
(40/135, P=0.003), migraine (61/114, P=0.004) and
hyperlipidemia (104/71, P=0.025) between the re-
current BPPV elderly patients and the non-recurrent
BPPV elderly patients. There was no significant dif-
ference between the middle-aged group recurrent
and non-recurrent BPPV patients among gender
(2.286/1.632, P=0.531), age (41.92/42.17, P=0.482),
sleep disorders (32/41, P=0.29), diabetes(0), hyper-
tension (10/63, P=0.715), hyperlipidemia (16/57,
P=0.559), and cervical spondylosis (20/53, P=0.337),
but the difference was statistically significant in
tiredness  (32/41, P=0.013), migraine(24/49,
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P<0.001).There was no significant difference in the
recurrent rate of BPPV at 12 months (36.9%/31.5%,
P=0.611), the type of BPPV (55/23, P=0.99), and the
responsible semicircular canal (1.77/1.86, P=0.49)
and the times of recurrence (94.83%/97.26%,
P=0.398) also had no statistical significance.

Conclusions: Hyperlipidemia, diabetes mellitus and
migraine are risk factors in the recurrent BPPV el-
derly patients, but fatigue, migraine are the risk fac-
tors of the recurrent BPPV young middle-aged
patients.

OP09-4 - Correlations between scores of
Eysenck Personality questionnaire and
DHI in patients with BPPV

4. Benign Paroxysmal Position Vertigo

Yanmei Feng!

Yuanyuan Sun', Hui Wang'!, Dongzhen Yu', Shankai
Yin!

' Shanghai Jiaotong University Affiliated Sixth
People’s Hospital

Purpose: To evaluate whether there is a possible
correlation between scores of Eysenck Personality
Questionnai (EPQ) and Dizziness Handicap Inven-
tory (DHI) in patients with benign positional par-
oxysaml vertigo.

Methods: 35 cases of BPPV patients confirmed by
manual reduction were included in our research.
They were investigated with EPQ and DHI in the
first visit, 1 week after manual rehabitation.

Results: The mean values were 58.34+12.14,
47.97+12.95, 46+6.52; 58.2+6.71 for E, N, P, L, re-
spectively. DHI scores were 50.85+25.31 before
treatment, and 35.76+32.67 1 week after manual re-
duction. The mean courses of disease were
17.08+10.74 days. Correlation analysis showed no
significant correlations between E, N, P, L and DHI
scores both before and after treatment and the im-
provement of DHI scores (all p>0.05). There were
also no significant correlations between scores of E,
N, P, L and courses of disease (all p>0.05).

Conclusions: There were no significant correlations
between E, N, P, L and DHI scores both before and
after treatment.

OP09-5 - Establishment of clinical
diagnosis procedure in patients with
benign paroxysmal positional vertigo

4. Benign Paroxysmal Position Vertigo

Xu Yang'

Xia Ling’

! Department of Neurology, Aerospace Center
Hospital, Peking University Aerospace School of
Clinical Medicine, Beijing, China.

Purpose: To establish a clinical diagnosis procedure
of benign paroxysmal positional vertigo (BPPV).

Methods: 331 patients with BPPV were included.
All patients underwent positional tests(PT), includ-
ing Dix-Hallpike test, straight head hanging test and
Roll test in the naked eye and videonystagmography
examinations. Patient’s hearing and vestibular func-
tion were also evaluated. Patients with an unclear
diagnosis were followed-up until a definitive diag-
nosis was obtained.

Results: 407 patients were initially included because
of transient dizziness/vertigo caused by changes in
head position. 27 patients with orthostatic hypoten-
sion, 18 patients with vestibular migraine, and 12
patients with central paroxysmal positional vertigo
were excluded, thus 331 patients with BPPV were
included. Medical history: positional vertigo was ob-
served in 221 (66.8%) patients, positional dizziness
in 56 (16.9%) patients, stumbling in 36 (10.9%) pa-
tients, and blurred vision in 18 (5.4%) patients. Phys-
ical examinations: typical BPPV was confirmed in
209 (63.1%) patients in the naked eye examination,
with single PT examination in 152 patients and twice
PT in 57 patients. Atypical BPPV was confirmed in
122 (36.9%) patients, with twice PT in 28 patients in
naked eye, videonystagmograpy examination in 57
patients, and experience-based repositioning and fol-
low up in 37 patients. Hearing and vestibular evalua-
tion: 81 (24.5%) patients had vestibular dysfunction
and 87 (26.3%) patients had impaired hearing. Pri-
mary/secondary BPPV: 205 (61.9%) patients prima-
ry BPPV and 126 (38.1%) patients secondary BPPV.

Conclusions: Typical and primary BPPV is easy to
diagnose, but atypical and secondary/concomitant
BPPV often require further layered diagnosis based
on medical history, physical examination, vestibular
evaluation and dynamic follow-up.
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OP09-6 - Horizontal canal benign
paroxysmal positional vertigo: Lempert
vs Gufoni

4. Benign Paroxysmal Position Vertigo

Isaura Rodriguez-Montesdeoca'

Gloria Guerra-Jiménez!, Antonio Espinel-Leon’,
Barbara Mentado Sosa’, Julieta Portiglia®, Angel
Ramos Macias’

' Complejo Hospitalario Insular Materno Infantil de
Las Palmas de Gran Canaria, Spain

2 Argentina

Purpose: Benign paroxysnal positional vértigo
(BPPV) is a frequent and disabling entity. Horizon-
tal canal (HSC) is the second canal most affected.
There is little evidence about compared effective-
ness of Lempert (LM) vs Gufoni (GM) repositioning
maneuvers. The aim of this study is to compare the
different maneuvers and to expose our results.

Methods: We present an observational retrospective
study over HSC-BPPV outpatients of a tertiary hos-
pital with results between January 2015 and January
2017 . Complete personal and vestibular history and
clinical evaluation have been recorded. The exclu-
sion criteria include: anterior, posterior or multica-
nal BPPV.atypical nystagmus;other vestibular or
neurological disease.

Results: 50 (28%) outpatients were diagnosed of
BPPV. 16 (32%) HSC-BPPV patients (2:1,
women:men) of 61 years on average; 11 Canaloli-
thiasis and 5 Cupulolithiasis. Among canalolithiasis,
LM (n = 6) or GM (n = 5) were performed: it were
observed a higher resolution percentage in Gufoni’s
group both in first (n=4, 80%; n=2, 33%; p=0.175)
and second maneuver (n=1, 100%; n=1, 25%;
p=0.4) without statistical significance. All cupuloli-
thiasis were treated by GM, with a resolution per-
centage of 60% after the first maneuver and 50%
after the second. Recurrence was higher in cupuloli-
thiasis (n=1, 20%-n=2, 9%) and slightly higher for
GM (n=1,20%-17%).

Conclusions: Since Lempert and Gufoni maneuvers
are effective in the treatment of HSC-BPPYV, there is
a clinically significant higher success percentage for
Gufoni’s one in our sample. It is possible that larger
sample sizes studies could find statistical differences.

OP10: Functional and
Psychiatric Vestibular Disorders

OP10-1 - Altered functional brain
connectivity in patients with visually
induced dizziness

10. Functional and Psychiatric Vestibular Disorders
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Viviana Mucci', Stefanie Vanhecke’, Jan Sijbers?,
Floris Vanhevels, Stefan Sunaert’, Mohamed Ali
Bahri®, Paul M. Parizel®, Paul Van de Heyning’,
Steven Laureys?, Floris Wuyts'

! University of Antwerp, Antwerp University
Research center for Equilibrium and Aerospace
(AUREA), Belgium

2 University of Liege, COMA science group -
GIGA consciousness, Belgium

3 Imperial College London, Neuro-otology
Department, United Kingdom

4 University of Antwerp, iMinds-Vision Lab,
Belgium

5 Antwerp University Hospital, Department of
Otorhinolaryngology, Belgium

¢ Antwerp University Hospital, Department of
Radiology, Belgium

7 University of Leuven, Department of Imaging and
Pathology - Translational MRI, Belgium

8 University of Liege, GIGA-Cyclotron Research
Center - In Vivo imaging , Belgium

Purpose: Patients experiencing dizziness caused or
aggravated by challenging visual stimuli have now
been classified as visually induced dizziness (VID).
The pathophysiology of this condition is poorly un-
derstood. Hereto, we conducted an explorative rest-
ing-state functional MRI study on 10 VID patients to
investigate possible changes in functional connec-
tivity in this patient group.

Methods: 10 VID patients and 10 age- and gender-
matched healthy controls participated in the study.
Data were acquired on a 3T MRI scanner and 280
volumes of functional resting-state data were ac-
quired by a T2* weighted EPI sequence. Data analy-
sis was divided in a hypothesis-free analysis using
the intrinsic connectivity contrast (ICC) and a region
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of interest (ROI) analysis with seeds in vestibular
and visual brain areas.

Results: When considering the VID group versus
controls, a decreased connectivity between the supe-
rior temporal gyrus/posterior insula (primary ves-
tibular area) and the rest of the brain was noted.
Increased connectivity was found between the pri-
mary visual cortex and the rest of the brain. ROI
analysis revealed altered functional connectivity be-
tween the visual association area and higher-order
brain regions involved in spatial orientation. Also
the thalamus revealed altered connectivity with the
cerebellum, basal ganglia and primary visual cortex.

Conclusions: This first neuroimaging perspective on
VID revealed stronger connectivity within visual ar-
eas and weaker connectivity in the primary vestibu-
lararea. These findings are in line with the behavioural
profile of VID patients, namely increased reliance on
visual cues for spatial perception. These findings
provided a first framework for future neuroimaging
studies and treatment options for VID patients.

OP10-2 - Alternatives to Treat
Associated Symptoms of Mal de
Debarquement Syndromes (MdDS)

10. Functional and Psychiatric Vestibular Disorders

Mingjia Dai'

Yakushin Sergei B’

! Department of Neurology, Icahn School of
Medicine at Mount Sinai, New York, USA

Purpose: The Mal de Debarquement Syndrome
(MdDS) is primarily characterized by a continuous
feeling of swaying and rocking (primary symptoms),
commonly follows water or air travels. The primary
symptoms are also accompanied by many other as-
sociated symptoms, such as a static force pulling in
a particular direction, floor undulating or bouncing
when walking, circular motion of the body, general
woozy feeling, head pressure, heaviness or floating
of body, elevated visual sensitivity and agoraphobia.
We recently demonstrate that primary symptoms
could be treated by re-adaptation of the vestibulo-
ocular reflex (VOR, Dai et al., 2014, standard treat-
ment). Accompanied symptoms are also decreased
after treatment (Dai et al., 2017). Sometimes, how-
ever, accompanied symptoms persist.

Methods: Over the last several years while treating
more than 400 patients, we have developed and used
alternative optokinetic (OKN) stimuli and visual
vestibular interactions to treat specific symptoms.

Results: The results of these alternative treatments
are promising. Interestingly, the alternative treat-
ment sometimes alone effectively reduces both pri-
mary and companion symptoms.

Conclusions: Recently, we have had an increased
rate of successful treatment. This may be due to the
application of the alternative procedures. The back-
ground, hypotheses and outcomes will be presented
and discussed.

OP10-3 - Decreased Spontaneous
Functional Activity of left PIVC in
Persistent Postural-Perceptual Dizziness

10. Functional and Psychiatric Vestibular Disorders

Xu Yang'

Kangzhi Li’

! Department of Neurology, Aerospace Center
Hospital, Peking University Aerospace School of
Clinical Medicine, Beijing, China.

Purpose: To investigate the changes of brain spon-
taneous functional activity in patients with persistent
postural-perceptual dizziness (PPPD).

Methods: Seven patients (3 males and 4 females)
with PPPD were enrolled. All patients underwent
detailed medical history acquisition; cranial MRI,
peripheral vestibular function evaluation, internal
medicine and laboratory tests were performed to ex-
clude other chronic dizziness lesions. SVDS, CVS,
DHI score were performed to assess the patient’s
symptoms. The patients confirmed PPPD were fur-
ther scanned by fMRI. Fractional Amplitude of Low
Frequency Fluctuation (fALFF) was calculated to
investigate the changes of brain spontaneous func-
tional activity in patients with PPPD.

Results: In PPPD patients, the fALFF values of the
left-sided PIVC region were significantly lower than
healthy subjects (P < 0.05, FDR corrected). Further
correlation analysis showed no significant correla-
tions between SVDS , CVS , DHI score and this
area. The length of history had a negative correlation
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with the spontaneous activity of the brainstem and a
positive correlation with inferior occipital gyrus and
gray matter near the central sulcus . SVDS score was
positively correlated with the occipital lobe, the
right PIVC and Supp_motor area (P < 0.05, FDR
corrected).

Conclusions: (1) Spontaneous functional activity in
the left PIVC of PPPD patients is often decreased.
(2) The severity of subjective symptoms in patients
was positively correlated with the spontaneous func-
tional activity of occipital lobe, right PIVC area, and
Supp _motor area. The duration of the medical his-
tory was negatively correlated with the functional
activity of the brain stem, and positively correlated
with suboccipital gyrus and the gray matter near
central sulcus.

OP10-4 - Integrating mental and
physical health assessment in neuro-
otology

10. Functional and Psychiatric Vestibular Disorders

David Herdman'

Helen Sharma', Louisa Murdin'

' Guys & St Thomas’ NHS Foundation Trust,
Multidisciplinary Balance Clinic, UK

Purpose: To assess the feasibility and acceptability
of a web-based informatics system for collection of
patient-reported outcomes, with real-time feedback
to guide clinical care in a specialist neuro-otology
clinic, and to describe the prevalence of common
psychological symptoms.

Methods: Nine hundred and fifty-four consecutive
patients (69.6% female, M age 51, range 16-90)
completed the web-based questionnaire comprising
patient-reported outcome measures at their initial
appointment. Data was analysed retrospectively.
Condition specific questionnaires included the Diz-
ziness Handicap Inventory, Headache Impact Test,
Situational Vertigo Questionnaire and Disability
Rating Scale.  Psychological symptoms were
screened using the Patient Health Questionnaire-9
and Generalised Anxiety Disorder Questionnaire-7.
Feasibility was quantified as the proportion of pa-
tients who completed the questionnaire. Acceptabil-
ity was quantified as the proportion of patients
declining screening.

Results: The proportion of patients who successful-
ly completed the screen was high (70%).The decline
rate was low (7%). The most common reason to de-
cline was lack of confidence in using IT. The preva-
lence of probable depression was 21% and for
probable anxiety was 29%. Suicidal ideation was
present in 5%. The proportion of patients who re-
ported either recent or long term severe disability
was 11%. The proportion of patients reporting high
impact headache was 54%. Anxiety and depression
were strongly correlated to dizziness handicap, dis-
ability and all other outcome measures (p<0.001).

Conclusions: Patients attending a specialist neuro-
otology service are at risk of common mental disor-
ders. Web-based screening is feasible and acceptable
to patients in this setting, helping to identify service
needs, inform care and monitor outcomes.

OP10-5 - Interaction of Time Pressure
and Anxiety upon Spatial orientation
judgments

10. Functional and Psychiatric Vestibular Disorders

Qadeer Arshad'
" Imperial College

Purpose: Spatial orientation is achieved via the in-
tegration of visual, vestibular and proprioceptive
cues. The degree to which an individual relies on
visual cues instead of the others is termed visual de-
pendency. Perceptual judgements, such as spatial
orientation, are affected by psychological factors,
like anxiety and contextual influences like time pres-
sure. However, the impact of time pressure and in-
nate levels of anxiety upon visual dependency have
not been investigated. Therefore, we assessed the
impact of time pressure on visual dependency and
how this relationship is modulated by anxiety.

Methods: In 44 healthy subjects, the effect of time
pressure on visual dependency was measured using
the rod-disk test, where participants align a rod to
their perceived gravitational vertical during
background visual motion, in the absence of any
visual reference cues to vertical. The experimental
procedure was split in two parts; a baseline
condition (average completion time 7 seconds) and
a time pressure condition where subjects were
given a maximum of 3 seconds to complete the
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task. Non-situational levels of anxiety i.e. trait
anxiety and situational levels of anxiety i.e. state
anxiety were quantified using the Spielberg State
Trait Anxiety Inventory.

Results: Higher trait anxiety levels correlated with
reduced visual dependency under time pressure
compared to baseline conditions (R>= 0.393,
p=5.31x10-6). State anxiety did not influence the
levels of visual dependency in either condition.

Conclusions: Levels of trait anxiety influenced the
impact of time pressure on visual dependency.
Counterintuitively, time pressure reduces inaccuracy
in perceptual judgements for individuals with higher
trait anxiety.

OP10-6 - The cognitive-behavioural
correlates of dizziness related
interference

10. Functional and Psychiatric Vestibular Disorders

David Herdman'

Sam Norton!, Marousa Pavlou’, Louisa Murdin’,
Rona Moss-Morris’

' King’s College London, Health Psychological
Section, UK

2 King’s College London, Centre of Human &
Acrospace Physiological Sciences, UK

3 Guy’s & St Thomas’ NHS Foundation Trust, ENT
Department, UK

Purpose: To determine the contribution of cogni-
tions, behaviours and emotions to explain the vari-
ance in dizziness related handicap (interference)
over and above demographic and objective illness
measures.

Methods: One-hundred and eighty-five consecutive
patients who were on the waiting list to attend an
initial diagnostic appointment for dizziness related
symptoms completed a cross-sectional survey in-
cluding valid and reliable psychometric question-
naires. Dizziness handicap was measured using the
Dizziness Handicap Inventory and the psychological
questionnaires included the Patient Health Question-
naire-9, Generalised Anxiety Disorders-7, Illness
Perceptions Questionnaire — Revised, Cognitive and
Behavioural Responses to Symptoms Questionnaire,
Psychological Vulnerability Questionnaire and the

Beliefs About Emotions Scale. Correlations and hi-
erarchical multiple regressions determined the rela-
tive contribution of illness severity, psychological
distress, cognitions, and behaviours to the prediction
of dizziness related handicap.

Results: All psychosocial factors including distress,
negative beliefs about dizziness and its consequenc-
es, cognitive and behavioural responses to symp-
toms were related to dizziness outcomes. The total
hierarchical regression model explained 70% of the
variance in dizziness handicap. Only six percent was
explained by demographic factors and a further 43%
was explained by illness factors, which included vi-
sually triggered dizziness (Situational Vertigo Ques-
tionnaire). A further 23% was uniquely accounted
for by the psychological factors, which was statisti-
cally significant.

Conclusions: The psychosocial factors identified as
important in predicting dizziness handicap are po-
tentially modifiable and thus may be useful to ad-
dress within interventions in the future and highlight
the importance of adopting a biopsychosocial ap-
proach in this setting.

OP10-7 - Vestibulo-cortical Hemispheric
Dominance: the link between Anxiety
and the Vestibular System?

10. Functional and Psychiatric Vestibular Disorders

Qadeer Arshad'
! Imperial College

Purpose: Vestibular processing and anxiety net-
works are functionally intertwined, as demonstrated
by reports of reciprocal influences upon each other.
Previous findings have also highlighted the involve-
ment of hemispheric lateralisation in processing of
both anxiety and vestibular signals. Yet whether
there is an underlying neural mechanism relating
these two systems remains unknown.

Methods: Accordingly, we explored the interaction
between vestibular cortical processing and anxiety
by assessing the relationship between anxiety levels
and the degree of hemispheric lateralisation of ves-
tibulo-cortical processing in 64 right-handed,
healthy individuals. Vestibulo-cortical hemispheric
lateralisation was determined by gaging the degree
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of caloric-induced nystagmus suppression following
modulation of cortical excitability using trans-crani-
al direct current stimulation targeted over the poste-
rior parietal cortex, an area implicated in the
processing of vestibular signals. The degree of nys-
tagmus suppression yields an objective biomarker,
allowing the quantification of the degree of right
vestibulo-cortical hemisphere dominance. Anxiety
levels were quantified using the Trait component of
the Spielberger State-Trait Anxiety Questionnaire.

Results: Our findings demonstrate that the degree of
an individual’s vestibulo-cortical hemispheric domi-
nance correlates with their anxiety levels. That is,
those individuals with greater right hemispheric
vestibulo-cortical dominance exhibited lower levels
of anxiety.

Conclusions: By extension, our results support the
notion that hemispheric lateralisation determines an
individual’s emotional processing, and hereby we
suggest a possible mechanistic link between cortical
circuits involved in processing anxiety and vestibu-
lar signals respectively.

OP11: Cochlear implantation

OP11-1 - CI and vestibular assessment:
controversies, measurement bias and
ostensible clinical impact .....

8. Cochlear Implant and Vestibular Function

Andy J Beynon'
I Radboud University Medical Centre Nijmegen,
The Netherlands

Purpose: Investigating the apparent clinical need
and value of semicircular canal assessment in CI
candidates and users.

Methods: Pre- vs -postoperative hearing and ves-
tibular function were analyzed in 626 patients. Sub-
jects underwent pre-post caloric irrigational testing,
rotary chair testing, vHIT and completed the Dizzi-
ness Handicap Inventory. Canal functionality was
compared and in contrast to all previous studies, cat-
egorical analysis were applied and contralateral

(non-implanted) side was also taken into account.
Possible deterioration (or complete loss) after CI
was defined using a 4 category scale. Objective and
subjective vestibular measures of previous studies
are compared with recent data.

Results: Present group data show extremely small,
although statistically significant, postop vestibular
reduction: 3.1 °/s and 4.7 °/s (warm and cold
irrigation, respectively). 37.4% of patients dropped
1 or more categories. Similarly, vHIT data also
showed small, but significant VOR decrease of
-0.057, -0.040 and -0.045 (anterior, lateral and
posterior canal gains, respectively). Subjective
symptoms (DHI) did not show any postop changes
for composite total score, as well for scores on
functional and emotional subdomains. The physical
subdomain score however, showed small but
significant increase. Behaviourally, 9.0% show a
deterioration of 1 or more categories.

Conclusions: In contrast to many previous smaller
studies (including our own), this study did not show
any relevant clinical impact on group level for canal
testing (calorics & VHIT) at all, taken into account
contralateral ear and categorical deterioration. Nev-
ertheless, on the individual level, CI can still lead to
serious individual vestibular changes, still justify-
ing pre- and postop behavioural and objective
assessment.

OP11-2 - Intralabyrinthine
schwannomas: vestibular function after
surgery with/without cochlear
implantation

8. Cochlear Implant and Vestibular Function

Stefan Plontke!

Laura Frohlich!, Torsten Rahne!

! Department of Otorhinolaryngology, Head & Neck
Surgery, Martin Luther University Halle-Witten-
berg, University Medicine Halle, Germany

Purpose: Intralabyrinthine schw