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• ABSTRACT TITLE:

How Bilateral Vestibulopathy affects Cognition in Older Adults corrected for Hearing Status

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: A growing body of literature suggests a significant impact of the vestibular system on cognitive
function, and visuospatial processing in particular. A higher prevalence of vestibular loss has been observed in
people with varying degrees of cognitive impairment while hippocampal atrophy, an important biomarker for
Alzheimer’s disease, has been associated with vestibular decline. However, the co-occurrence of sensorineural
hearing loss in people with vestibular loss has often been overlooked and may have produced unwarranted
conclusions.
Objectives: The primary objective is to investigate cognitive function in older adults with bilateral vestibulopathy
(BV) taking hearing status into account and compare these results with a healthy control group. The secondary
objective is to explore multiple vestibular characteristics (including measurements of the peripheral vestibular end
organ, clinical balance testing and questionnaires) and their potential influence on cognition within the BV
population.
Materials and Methods: This study included 34 people with a diagnosis of BV according to the Bárány Society
criteria. Each control was individually matched based on age, gender and best aided hearing performance. All
subjects underwent cognitive, vestibular and hearing assessments. The primary outcome measure was cognition,
measured by the Repeatable Battery for the Assessment of Neuropsychological Status for Hearing impaired
individuals (RBANS-H).

Results: Overall, people with BV obtained a significantly lower score on the RBANS-H total scale. This decline was
most pronounced in the subdomains of immediate memory, visuospatial and attention. Language and delayed
memory subdomains remained preserved. Within the BV population, only one vestibular parameter (the
Performance-Oriented Mobility Assessment, in particular the balance subscale) was significantly associated with
lower cognitive scores. Further vestibular parameters, including measurements of the peripheral vestibular end
organ and questionnaires, demonstrated no association.
Conclusions: The older adult BV population demonstrated worse cognitive function in general in comparison with a
healthy control group, which was most pronounced in the subdomains of immediate memory, visuospatial and
attention. This cognitive loss was found to be independent of concurrent hearing loss. Only one clinical balance
assessment was associated with the observed lower cognitive scores in the former population. Other vestibular
parameters such as measurements of the peripheral vestibular end organ and questionnaires demonstrated to
significant association. These results support and extend evidence on an association between vestibular loss and
cognitive impairment, in particular Alzheimer’s disease. Further research on the causal mechanisms underlying this
association and the impact of vestibular rehabilitation on cognition is needed.
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• ABSTRACT TITLE:

The human egomotion network

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Theme:
Volitional movement in a three-dimensional environment requires multisensory integration, in particular of visual and vestibular signals. In humans, responses to
visual egomotion-compatible optic flow stimuli have been demonstrated for multiple cortical areas in the parieto-temporal, cingulate, insular and occipital cortex.
Of these regions, areas MST, CSv and VIP have been shown to respond to vestibular stimulation. The egomotion network structure in a comprehensive wholebrain approach however has not been systematically investigated to date.
We applied visual self-motion and galvanic vestibular stimulation using high resolution multi-band neuroimaging to characterize the entire cortical and subcortical
egomotion network in humans in a large cohort (n=131). Responses during egomotion perception suggest a network including cortical areas CSv, PcM, human
VPS, the cerebellar uvula and an area in the supramarginal gyrus. With respect to its delineated cortical connections and anatomical localization, we propose that
this area represents the human homologue of macaque area 7a. The whole-brain functional connectivity analysis point at a central role of the connections between
area CSv and the uvula of the cerebellum, possibly representing feedback loops involved in updating visuo-spatial and vestibular information during egomotion.
All egomotion hubs showed varying functional connections with visual, vestibular, somatosensory and higher order motor areas, underlining their common
function in sensorimotor integration essential for the guidance of locomotion.

Target audience: Clinicians and researchers interested in understanding the structural correlates of the human
egomotion system and its functional connections.
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• ABSTRACT TITLE:

Accelerated Cognitive Decline due to Hearing Loss and Bilateral Vestibulopathy: Insights from a Cognitive
Evaluation in DFNA9-patients: a Cross-Sectional Study using the Repeatable Battery for the Assessment of
Neuropsychological Status adjusted for the Hearing Impaired in the DFNA9 Population

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Abstract
Background
Deafness autosomal dominant 9 (DFNA9) is hereditary disorder known to affect both hearing and vestibular function
in its carriers. Its phenotype is characterized by a progressive sensorineural hearing loss (SNHL) and vestibular

dysfunction evolving towards bilateral vestibulopathy (BV) by the 3rd to 5th life decade. Recent studies have
identified the impact of hearing loss and vestibular dysfunction on cognitive function.
Objective
The main objective of this study is to investigate how cognitive functioning of carriers of the p.Pro51Ser variant in
the COCH gene is affected by the disease and compare these results with a healthy matched control group.
Materials and Methods
Forty-seven carriers of the pathogenic p.Pro51Ser variant in the COCH gene were included in this study, of which 38
met the Bárány Society criteria and were thus diagnosed with BV. Each control was individually matched based on
age, gender and education level. A cognitive, vestibular and hearing assessment was performed in all subjects. All
participants completed the Repeatable Battery for the Assessment of Neuropsychological Status, adjusted for the
Hearing Impaired (RBANS-H), a cognitive screening test which includes subtests probing Immediate and Delayed
Memory, Visuospatial Capabilities, Language and Attention. Hearing assessment consisted of a liminal audiometry
and speech-in-noise testing (SPIN) using the Leuven Intelligibility Sentence Test (LIST). This was followed by a
vestibular assessment, including video Head Impulse Test (vHIT) and electronystagmography (ENG). Mean RBANS-H
scores of DFNA9 patients and controls were compared using the non-parametric Wilcoxon rank-sum test.

Results
DFNA9 patients demonstrated significantly lower scores on all subscales (except the Language subscale) and total
percentile score compared with their healthy matched controls. The total sample was divided into two groups: age <
55 years old and age ≥ 55 years old Cognition of DFNA9 patients aged < 55 years old did no longer differed
significantly from their matched controls, except for the Immediate Memory subscale.
Conclusion
DFNA9 patients’ cognition scored significantly worse when compared with their healthy matched controls,
suggesting an impact of their SNHL and vestibular loss on their cognitive performances. This significant effect was
not observed in the age group younger than 55 years old. Further research is needed on the individual trajectory of
SNHL, vestibular function and how hearing rehabilitation affects cognitive functioning.
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• ABSTRACT TITLE:

The Human Vestibular Cortex: Functional Anatomy, Connectivity and the Effect of Peripheral Vestibular
Disease

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background and Aims
Area OP2 in the posterior peri-sylvian cortex has been proposed to be the core human vestibular cortex. The
organisation of visual and vestibular processing in OP2 and immediately adjacent areas (OP2+) remains
unclear. We investigated the functional anatomy and connectivity of OP2+.
Methods
We defined the functional anatomy of OP2+ using spatially constrained independent component analysis of
functional MRI data from the Human Connectome Project. OP2+ responses to caloric irrigation and visual
motion were then investigated in seventeen controls and seventeen age-matched chronic right vestibular
neuritis patients.
Results

Ten subregions were identified by independent component analysis, and most had significant connectivity to
known vestibular areas. In controls, a posterior part of right OP2+ showed: direction-selective responses to
visual motion; and activation during caloric stimulation that correlated positively with perceived self-motion,
and negatively with visual dependence and peak nystagmus slow phase velocity. Patients showed abnormal
OP2+ activity, with an absence of visual or caloric activation of the healthy ear and no correlations with
dizziness or visual dependence – despite normal brainstem responses to caloric stimulation (slow-phase
nystagmus velocity). A lateral part of right OP2+ showed activity that correlated with chronic dizziness
(situational vertigo) in patients.
Conclusion
A posterior subregion of right OP2+ shows strong functional connectivity to other vestibular regions and a
profile of caloric and visual responses suggesting a central role for vestibular function in health and disease.
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• ABSTRACT TITLE:

Subjective Cognitive Dysfunction in Neuro-Otology Patients is a Function of Psychological Distress

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Introduction
Patients with vestibular disorders sometimes complain of ‘brain fog’. We recently reported higher levels of
subjective cognitive dysfunction in patients attending a neuro-otology outpatient clinic compared to controls, which
persisted after accounting for demographic variables and measures of psychological distress. We now report the
results of a larger group of patients, who also underwent vestibular function testing.
Methods
We asked 287 neuro-otology clinic outpatients whether they experienced difficulties with thinking, memory or
concentration as a result of dizziness/vertigo. All patients and 115 control subjects) completed two questionnaires:
the neuropsychological vertigo inventory (NVI) and depression, anxiety and stress scales (DASS). A subset of patients
also completed the Wayfinding Questionnaire (WQ; N = 148) and the Metacognition Index of the Behaviour Rating
Inventory of Executive Functioning - Adult Version (BRIEF-A; N = 146). Patient and control scores were compared
using age, gender and DASS score as covariates. For this purpose, four DASS categories were formed using z scores:
<0, 0 to 0.99, 1-1.99, and 2. Video head impulse and cervical and ocular vestibular evoked myogenic potential test
results were available for 275 patients.

Results
Many patients (62%) reported having cognitive difficulties as a result of their dizziness. Although patients reported
more dysfunction than controls on all questionnaires except the WQ and BRIEF-A Task Monitoring and Organisation
of Materials subscales, DASS scores were also significantly greater in the patients (mean DASS score difference =
16.83, p<0.001). Comparison of patient and control scores, adjusted for DASS scores, showed no significant
differences between groups. Sixty-three patients had at least one vestibular test abnormality, however when this
group was compared to controls there were no significant differences on any questionnaire after accounting for
DASS scores.
Conclusions
Patients with dizziness and vertigo reported higher levels of subjective cognitive dysfunction than controls, but these
differences disappeared when psychological distress was taken into account. Using a larger sample size and more
DASS categories to define depression, anxiety and stress than our previous study, we have shown that subjective
cognitive dysfunction in patients with dizziness and vertigo is due to concomitant high levels of emotional distress.
This study highlights the critical importance of measuring psychological variables when measuring subjective
cognitive dysfunction, which is not a routine feature of similar papers in the neuro-otology literature.
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• ABSTRACT TITLE:

EEG Markers of Asymmetric Vestibular Stimulation: Role of α-band in Vestibular Adaptation

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background and Aims
Asymmetric whole-body rotations have been shown to result in rapid adaptation of vestibular perception (Pettorossi
et al. 2013, J Physiol). When given a series of sinusoidal oscillations in which the two hemicycles have equal
amplitude but asymmetric velocity, healthy subjects begin “neglecting” (= not feeling) the slower hemicycle (SHC),
reporting a drift in perceived heading orientation towards the faster hemicycle (FHC). This perceptual adaption is not
reflected in the vestibular-ocular reflex or in perceptual thresholds, suggesting it is facilitated by higher-order
mechanisms. The current study aimed to quantify electroencephalographic (EEG) markers of this adaptive response,
with the hypothesis that it would be mediated in the alpha frequency band (8-14 Hz), given its previously reported
role in vestibular processing.
Methods
Twenty-five healthy young subjects (mean age: 28.46±6.35 years) were given a set of symmetric or asymmetric
whole-body oscillations in the dark (FHC: 1s (1 Hz), SHC: 4s (.25 Hz), symmetric consisted of two SHC). Subjects
verbally reported their perceived final position after each trial using landmarks in the testing room; this was

converted into total position error (TPE). Thirty-two channel EEG was recorded pre, during, and post-adaptation for
each condition. EEG recordings were filtered, cleaned, then epoched to correspond to each oscillation. Average
alpha power was calculated for each epoch and a logistic regression curve was fit over the first six epochs for each
subject. The beta-coefficients for these regression curves were analysed with linear mixed models were used to
determine a region-by-condition effect of the adaptation.
Results
TPE was significantly higher in the asymmetric condition and was always in the direction of the FHC (p < 0.001). In
both conditions, alpha power was initially suppressed in response to the vestibular stimulation, but then recovered
back toward pre-adaptation values in both the frontal and parietal regions, although power was consistently more
suppressed in the symmetric condition. However, this pattern diverged in the prefrontal and occipital regions during
the asymmetric condition only (p = .04); alpha recovered rapidly in the prefrontal region but was stagnant in the
occipital region.
Conclusions
These findings suggest that the perceptual “neglect” induced by asymmetric stimulation is partially mediated by the
alpha frequency band. The finding further supports the role played by alpha rhythm in vestibular perception and
adaptation.

