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 ABSTRACT TITLE:

Novel Mediation Analysis of the Impact of Vestibular Disruption on Cognition


ABSTRACT:

BACKGROUND
Prevailing theory implies that disruption of cognition is an indirect, mediated consequence of
aberrant vestibular information. The objective was to determine if such misinformation can also
affect cognition directly.
METHODS
Seventy-eight healthy participants undertook either the ‘Single Avatar Stimulus Set’ (SASS) task,
invoking mental self-translocation, or one of two spatial control tasks. All tasks were administered
six times, in one-minute trial blocks, after one minute of constant angular velocity (90°/s). Halfway
through alternate trial blocks, chair velocity reduced abruptly from 90 to 0°/s, giving rise to aberrant
vestibular information. A measure of anxiety, the low frequency-high frequency ratio, was calculated
from pulse recordings acquired during all trial blocks. A novel mediation model was applied to test
for a direct effect of the aberrant vestibular information on task performance.
RESULTS
Following abrupt deceleration, responses on the SASS task were less cautious as denoted by a
significant decrease in boundary separation, a latent performance variable (simple effect: p = .014).
The disruption of performance was selective to the SASS task (interaction effect: p = .025), and not
secondary to an increase in anxiety according to mediation analyses (direct effect: p = .009).

CONCLUSION
The selective disruption of an aspect of SASS task performance by abrupt deceleration, in the
absence of a concurrent disturbance of the physiological state of the participants in the SASS task
group, suggests that aberrant vestibular information can affect cognition directly. The mediation
model applied in this study could help to stratify domains of cognition in terms of their vulnerability to
vestibular disruption.

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
THEME
The prevailing mechanistic theories imply that vestibular disruption, due to pathology or incongruous
environmental conditions, impairs cognition via an indirect mechanism whereby a change in
physiological or emotional state outcompetes cognition for limited processing resources. For
example, the ‘posture-first principle’ (Gresty and Golding 2009) implies that vestibular disruption
disturbs postural stability which leads to a diversion of attention towards postural control processes
to the detriment of other cognitive processes. This and other similar principles are analogous to the
indirect pathway of a mediator model. Two reviews of note (Smith et al. 2005, Smith and Zheng
2013) try to make a case for a direct, unmediated effect of vestibular disruption on cognition.
However, no research to date has employed the appropriate design or analyses to show whether
cognitive disturbance can occur even when there are adequate cognitive processing resources.
Regression-based path analysis is an accepted means of assessing the indirect, direct and total
effects implied by mediator models (Hayes 2013).
This research represents a novel approach to developing our knowledge of the interplay between
vestibular and cognitive integrity. The mediation model applied in this study could help to stratify
domains of cognition in terms of their vulnerability to vestibular disruption. In turn, we might better
appreciate the cognitive domains to focus on during the assessment and rehabilitation of patients
with vestibular disorders.
The lead author, Jeremy Corcoran, developed the research theme, inclusive of the mediation model,
as part of his PhD studies. The theme stemmed from his 10 years of experience as a vestibular
physiotherapist in London, UK. Jeremy successfully defended his PhD thesis during examination by
Dr Barry Seemungal (Imperial College London) in May 2019. Jeremy is in the process of writing-up
his PhD research for publication. He has presented some of his other findings at the Meeting of the
British Society of Neuro-Otology and at the Cognitive Psychology Section Annual Conference of the
British Psychological Society.
TARGET AUDIENCE
This presentation should appeal to those academics and clinicians with an interest in vestibular
cognition. More specifically, this presentation is targeted at scientists who focus on the higher
processing of vestibular information, beyond the main reflexes associated with the peripheral
vestibular system.
REFERENCES
Gresty, M.A. and Golding, J.F. (2009) ‘Impact of Vertigo and Spatial Disorientation on Concurrent
Cognitive Tasks’. Annals of the New York Academy of Sciences 1164, 263–267
Hayes, A.F. (2013) Introduction to Mediation, Moderation, and Conditional Process Analysis: A
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 ABSTRACT TITLE:

Ocular Vestibular Evoked Myogenic Potentials to high frequencies show semicircular canal dehiscence
(SSCD), the effect of rise time

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
In 15 patients with CT-verified SSCD, to investigate the effect of frequency on the n10 component of the ocular
vestibular-evoked myogenic potential (oVEMP n10) 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 minishaker provided BCV stimulation, using surface EMG electrodes
beneath both eyes, to record oVEMP n10. The stimulus ACS or BCV at either Fz or at the vertex of the skull (Cz) were
very short tone bursts ranging from 500 Hz to 8000Hz. 60 healthy subjects were tested in the same paradigm. All the
stimuli used in the experiments consisted of a sine wave of 2 ms duration, with a trapezoidal envelope with rise time
equal to fall time 0 (zero) ms duration or 2ms rise time.
Results: In response to ACS and Fz BCV from 500 Hz up to 8000 Hz in SSCD patients the oVEMP n10 amplitude
beneath the contraSSCD eye was substantially and significantly larger than the oVEMP n10 beneath the ipsiSSCD eye.
In normals ACS oVEMPs n10 is present and reproducible up to 1000 Hz while in SSCD ACS oVEMPs n10 is present up
to far higher frequencies (8000 Hz).
To Fz BCV oVEMPs n10 is present up to 4000 Hz but only to 1000 Hz in normals. Increasing the rise time reduced or
abolished the n10 response at high frequencies.

Conclusion: Testing OVEMP responses to very high frequency with ACS and 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.
Particular emphasis should be given to the effect of rise time In summary, our results suggest that the optimum
oVEMPs stimulus is a tone burst with a zero rise time.
References
•Burgess AM, Mezey LE , Manzari L., MacDougall HG, McGarvie LA , Curthoys IS Effect of Stimulus Rise-Time on the
Ocular Vestibular-Evoked Myogenic Potential to Bone-Conducted Vibration. Ear Hear, 34 (6), 799-805 Nov-Dec 2013
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 ABSTRACT TITLE:

A clinical test for enhanced auditory sensitivity for body vibrations in superior semicircular canal
dehiscence syndrome

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Patients affected by superior canal dehiscence syndrome (SCDS) complain about a specific hypersensitivity for
internal body sounds (bone conducted hyperacusis - BCH). They refer to an excessive hearing of cardiac pulse, own
voice, breathing, joint movements, borborygmi or sometimes eye movements. BCH may be enhanced to a level
compromising sleeping, hearing, social communication and often disturbing the cognitive work. BCH can be treated
by surgical resurfacing of canal bone dehiscence. Today BCH is evaluated by questionnaires and a fork test at
malleolus - with uncertain diagnostic precision-. BCH is a major complaint in SCDS and may be corrected by surgery,
thus an objective CBH measure is worth consideration and clinically requested.
Here we present a new clinical test, developed to obtain a measure of the CBH. It is a psychoacoustic audiometry
test in which stimulation is provided by bone vibration at a distant point from the ear, specifically at the malleolus.
This method was experimentally proven by our research group (Brantberg K et al, 2016. PMID:28081534), however
hard to translate into a clinical environment due to technical shortcomings, mainly using an experimental bone
vibrator (Minishaker B&K 4810). In this study we have replicated the results obtained by the previous study, but
using the new B250 bone transducer, developed at Chalmers University of Technology (Gothenburg, Sweden) in
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collaboration with Ortofon A/S (Denmark) and designed for a clinical use (Fredén Jansson KJ et al, 2021.
PMID:34267559).
We compared the psychoacoustic hearing thresholds given by a group of 20 SCDS patients with the thresholds of a
group of 20 age matched healthy subjects. The subjects were stimulated by the B250 at malleolus with a bone
conduction vibration consisting of a pure tone at frequencies 125, 250, 500 and 750 Hz and with intensity 85-135 dB
RMS FL. Results showed that SCDS patients heard the bone vibrations at malleolus at a significantly lower intensities
than the control group. In particular, the 250 Hz frequency had the best diagnostic accuracy for SCDS according to a
receiver operating characteristic analysis. Translating these results in clinical terms, using a B250 stimulation at ankle
with a 250 Hz tone delivered at 120 dB RMS FL, it is possible to screen patients who are suffering of SCDS with a
sensitivity of 90% and specificity of 80%. And more important, the method is easily scalable at non-experimental
audiological facilities, configuring an accessible clinical screening test for SCDS.
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 ABSTRACT TITLE:

Vestibular Stimulation Targeting the Utricle and Saccule Partially Restores Otolith-Ocular Reflex in
Chinchillas after Intratympanic Gentamicin Injection

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: Driving reflexes such as the otolith-ocular reflex (OOR) to stabilize the eyes during translational motion
(e.g., moving forward without rotating) or head tilt with respect to gravity, the otolith end-organs inform the brain
about gravitational and linear accelerations. We previously characterized the OOR in normal chinchillas and
responses to prosthetic electrical stimulation targeting the utricle and saccule in implanted but otherwise-normal
ears. Here we extend that work to examine prosthetically-driven OOR responses in animals with unilateral or
bilateral vestibular hypofunction after unilateral ototoxic injury followed by contralateral surgical disruption of the
labyrinth.

Methods: Five chinchillas were unilaterally injected with gentamicin in the right ear and developed a head tilt
consistent with onset of unilateral vestibular hypofunction. Subsequently, a contralateral lesion was induced in three
animals by implanting the intact left labyrinth with electrodes targeting the semicircular canals, utricle, and saccule.
OOR responses were recorded using scleral coils in response to static reorientations and linear translations after
unilateral gentamicin injection and again after electrode implantation surgery. Responses were compared for

mechanical stimulation alone, prosthetic electrical stimulation alone (using stimuli intended to emulate motion
stimuli), and combinations of mechanical and electrical stimuli.

Results: Unilateral ototoxic injury decreased OOR response eye movement magnitude by half and increased
response latency while maintaining similar response direction and symmetry. Implantation of electrodes in the
contralateral ear’s semicircular canals and vestibule further decreased OOR magnitude and increased latencies.
During unilateral prosthetic stimulation of stationary animals with a unilateral gentamicin lesion on the right and
electrode implantation on the left, eye movements driven by the OOR had magnitudes and latencies closer to
normal responses than during mechanical stimulation alone. Combining mechanical and electrical stimuli in phase
with each other increased OOR magnitude relative to responses during mechanical motion or electrical stimulation
alone. Variability observed in electrically-evoked OOR across chinchillas was corroborated by post-mortem CT
images showing variation in electrode position.

Conclusions: Vestibular implants may partially restore the OOR after inner ear injury caused by gentamicin or
surgical destructive procedures like those used to treat Meniere’s disease. Despite its potential, this approach
heavily depends on surgical precision and accuracy during placement of the electrode arrays near the maculae.
Priorities for future studies include reducing variability in surgical technique (to maximize efficacy while minimizing
current spread to nontarget neurons) and examining OOR responses of animals after adaptation to long-term
motion-modulated electrical stimulation.
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 ABSTRACT TITLE:

Postural Sway as a Predictor of Volumetric Growth in Untreated Vestibular Schwannoma.

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:

Target audience for this abstract is otoneurologists and otosurgeons interested in postural balance, dizziness and
management of small to medium-sized vestibular schwannoma.

Background: Small and medium-sized vestibular schwannomas are often observed with serial imaging and treated
only if evidence of growth. Approximately one in three tumors will grow within three years after diagnosis, but no
reliably baseline parameter has been found to predict tumor growth.

Methods: Patients with untreated vestibular schwannoma selected to a wait-and-scan protocol were included.
Baseline data contained measurement of postural sway on a force platform (steady/unsteady), history of
unsteadiness, tinnitus or dizziness (yes/no), audiometry (pure tone average on tumor side) and bithermal caloric test
(canal paresis yes/no). Relative tumor growth (%) and volume-doubling time were quantified based on tumor
volume at the diagnostic MRI and a control scan within the following three years.

Results: Out of 204 patients initially managed with a wait-and-scan policy, 104 of them had a significant tumor
growth (relative growth >20%) within the period of observation. Mean follow-up time was 2.3 years (range 0.5 –
3.7). Median tumor volume was 0.32 cm3 (range 0.02-4.79). Unsteadiness on posturography were found in 53 (26%)
of the patients. Significant tumor growth was found in 77 % of unsteady patients and 42 % of steady patients. Using
multivariate regression analysis, unsteady patients had an odds ratio of 5.6 (95% CI 2.6-11.8) for significant tumor
growth within three years. The analysis was adjusted for age, sex, symptoms, clinical and radiological parameters at
baseline.

Conclusions: This study is the first to find an objective predictor of future vestibular schwannoma growth. Our results
might be useful for clinicians to recognize patients with higher odds for tumor growth and thereby improve timing of
treatment and monitoring of the individual patient.
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 ABSTRACT TITLE:

Structural and functional neuroplasticity following bilateral vestibular loss: a longitudinal [18F]-UCB-H/
[18F]-FDG dual tracer rat study

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: Lesion-induced adaptive neuroplasticity is a general principle across mammalian species, which
supports functional recovery and is an attractive target for therapy. Several mechanisms from single neuron to
network level are involved, which develop at different speeds. Rapid-onset functional plasticity consists of altered
neuronal excitability, while structural plasticity, e.g., by synaptic reorganization, may arise with a longer time
constant.
Methods: The current study applied a methodological approach based on serial [18F]-UCB-H and [18F]-FDG
measurements before and 1, 3, 5, 7, 9 weeks after bilateral labyrinthectomy in two groups of rats (with and without
locomotor training). The general purpose was to depict both the spatial distribution and temporal scale of functional
plasticity, estimated by regional glucose metabolism (rCGM), and structural plasticity, quantified by synaptic density,
across all rats. The secondary aim was to investigate the effect of locomotor training on the structure-function
relationship after bilateral labyrinthectomy. Dynamic changes of global mean normalized activity values in brain
regions segmented by Schiffer’s atlas were analyzed based on longitudinal [18F]-UCB-H and [18F]-FDG data. In
addition, voxel-wise comparisons between time points and subgroups were performed. All rats were tested serially
in the open field to document changes in locomotor and spatial exploration behaviour following bilateral
labyrinthectomy.

Results: Comparison of rCGM and [18F]-UCB-H binding revealed complex structure-function changes after bilateral
labyrinthectomy: in brainstem-cerebellar circuits (vestibular nuclei, vestibular cerebellum, colliculus inferior) earlyonset rCGM decrease was followed by reduced synaptic density from 3 weeks post lesion. In the thalamus, increased
[18F]-UCB-H binding preceded a higher rCGM uptake. In frontal-basal ganglia loops, an increase in synaptic density
was paralleled by a decrease in rCGM. In the group with locomotor training, thalamic rCGM increased 1-3 weeks and
thalamic [18F]-UCB-H binding 1 week post lesion compared to the no training group. Rats with training had relatively
fewer body rotations at 1-3 weeks after bilateral labyrinthectomy, while locomotor velocity and spatial exploration
increased in both groups post lesion.
Conclusions: Combined [18F]-UCB-H/ [18F]-FDG dual tracer imaging is a promising approach to depict lesion-induced
functional and structural neuroplasticity. Here we show that adaptive plasticity after bilateral vestibular loss is not a
uniform process but is composed of complex spatial and temporal patterns of structure-function coupling in
networks for vestibular, multisensory, and motor control, which can be modulated by early physical training.

