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 ABSTRACT TITLE:

Prognostic factors that modify outcomes of vestibular rehabilitation in elderly patients with falls

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: Our previous study has shown that vestibular rehabilitation (VR) is an effective technique to reduce falls
in elderly patients. It would be interesting to establish patients’ clinical characteristics in which vestibular
rehabilitation is expected to be more effective.
Aims: Evaluate factors that could modify rehabilitation outcomes in elderly patients with previous falls.
Methods: Fifty-seven patients randomized to one of the intervention group (computerized dynamic posturography—
CDP—training, optokinetic stimulus or exercise at home) and with previous falls were analyzed. Patients were
assessed with objective outcome measures (sensorial organization test and limits of stability—LOS—of CDP,
modified timed up and go test—TUG—and number of falls) and with subjective outcome measures (dizziness
handicap inventory and Short falls efficacy scale-international—Short FES-I) during a 12-month follow-up period.
Results: In the logistic regression model, a worse score in the maximum excursion (MXM), and a shorter time in the
TUG significantly associated with a reduction > 50% of falls. Also, association with a higher score in the Short FES-I
was close to a statistical significance. There was no statistical significance association with other covariables.

Discussion: In patients with reduced limits of stability, VR seems to be more effective and they should be encouraged
to perform it. But on the other hand, patients with longer time in the TUG show worse outcomes and may benefit
more with gait training.
Conclusions: VR in elderly people with previous falls is effective regardless of their age and gender.

Keywords: Vestibular rehabilitation · Outcomes · Prognostic factor · Falls · Elderly
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 ABSTRACT TITLE:

Subconscious haptic feedback used to improve mobility, balance and quality of life in patients with
imbalance due to severe bilateral vestibular loss: a prospective longitudinal study

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Aim of the study: evaluation of the impact of ambulant haptic feedback (complex vibration pattern around
the waist depending on trunk tilt angle and movement) upon balance, mobility and quality of life in patients
with severe bilateral vestibular loss.
Type of study: prospective longitudinal.
Inclusion criteria: 47 patients with severe bilateral vestibular loss according to the criteria of the Barany
Society Classification Commitee suffering from severe imbalance that did not improve anymore on sustained
vestibular rehab. Exclusion criteria: neurological, orthopedic or otherwise mobility disorders.
Method: after inclusion, patients rated their mobility and balance score (MBS) between 0-10, where 0 ment
maximum and severe impairment and 10 ment normal mobility and balance as was experienced by each
individual patient before they had noted any reduced balance in the past. After a technical explanation of
the usage of the belt, patients were instructed NOT to pay attention to the haptic feedback in daily life and
to try to regain balance and mobility in daily life as much as possible without additional training or support.
By that, the patients avoided to use the belt as an additional cognitive load (double tasking), while the belt
provided subsconscious information about the spatial orientation of the upper trunk, comparable to the
subconsious vestibular perception of verticality. The MBS was rated before the use of the belt, after two
weeks, 2 months, 6 months and 1 year.
Results: 16 patients did not notice any or substantial improvement within two months and decided to stop
using the belt. 31 patients reported substantial benefit which was objectivied by an increase of the individual
MBS scores by 3 to 5 points. The improvement was stabilised within 2 months and stable during the
maximum observation period of 1 year. Patients reported that they experienced a wide range of positive

effects of the belt upon their quality of life and self-readiness. By interviews, further analysis was made of
the impact of the belt in these patients. Specially DFNA9 patients reported an impressive impact on their
quality of life and mobility, whereas patients with an inclusion value of the MBS of 6 or more, generally did
not experience substantial benefit.
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 ABSTRACT TITLE:

Changes in Measures of Vestibular Function and Hippocampal Volume in Patients with Alzheimer’s
Disease and Mild Cognitive Decline

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: Some evidence indicates anatomical projections of the vestibular system to the hippocampus. Other
evidence indicates that patients with Alzheimer’s disease have abnormal results on cervical vestibular evoked
myogenic potentials cVEMP). The goals of this study were to determine if patients with Alzheimer’s disease (AD) and
mild cognitive impairment (MCI) have any other vestibular impairments and to determine if vestibular disorders are
related to decreased hippocampal volume in these patients.
Methods: Patients with AD and MCI due to AD were recruited from an academic Alzheimer’s disease center after
having been diagnosed by a neurologist based on clinical exam, neuropsychological testing and clinical MRI. They
were tested on the objective battery of objective vestibular tests (VNG), including low frequency sinusoidal tests of
the vestibulo-ocular reflex in darkness, bi-thermal caloric tests, cVEMP, and Dix-Hallpike and other positional tests.
Results: Alzheimer’s and MCI patients did not differ significantly. Compared to historical healthy controls from this
lab the group, as a whole, had increased frequency of impaired responses on cVEMP and also increased frequency of
abnormal Dix-Hallpike responses. MRI data from a subset of the sample were available for analysis. From that
subsample, subjects with abnormal VNG results had decreased hippocampal volume compared to normals.

Conclusion: These data suggest that vestibular impairment is more common in this population than in the agematched healthy population. These data also suggest that these changes may be related to decreased hippocampal
volume found in these patients.
Supported by NIH grant 2R01-DC009031-10S1.
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 ABSTRACT TITLE:

Vestibular Thresholds Explain Nearly Half of Age-related Balance Declines and Correlate with Sway

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Objectives: Falls are a major public health burden. A body of literature supports that imbalance contributes to falls
and vestibular dysfunction has long been known to contribute to imbalance. This study was designed to quantify
links between vestibular function and subclinical balance dysfunction in healthy asymptomatic individuals.
Design: Over a series of studies, we assessed vestibular function using self-motion perceptual thresholds. In one
study, our population included 105 asymptomatic humans aged 18 to 80. 99 of these 105 individuals also
participated in a modified Romberg balance test. Failing the 4th condition (eyes closed, on foam) of this exact test
had previously been shown to correlate with more than a six times higher chance of reporting a difficulty with falls in
the past year. In a second study, our population included 33 asymptomatic humans (20-32 years old) who, in
addition to threshold testing, participated in a modified Romberg balance test performed on a force plate.
Results: We found a substantive and significant correlation between increasing age and increasing vestibular
thresholds. We also found significant correlations between: (a) increasing age and imbalance, (b) increasing
vestibular thresholds and imbalance, as well as (c) the combined effect of increasing vestibular thresholds and age
on imbalance. We also performed mediation analyses to quantify whether vestibular function might be a causative
mediator of imbalance in normal asymptomatic humans and found that 46% of the decline in balance with age in

adults above the age of 40 was mediated by vestibular function. Finally, we found that vestibular tilt thresholds
positively correlated with sway - even in a young healthy adult population.
Conclusions: Vestibular function seems to explain a large fraction of age-related balance declines as assayed via a
Romberg balance test. This is surprising, since balance declines are known to be multi-factorial and aging results in
declines in nearly all physiologic contributors to balance (e.g., kinesthesia, vision, motor control, strength, vestibular
function, etc.). Identifying vestibular function as a pre-dominant physiologic cause of suboptimal balance is
important as it provides a target for interventions tailored specifically to reduce falls in older adults.
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 ABSTRACT TITLE:

Frontal White Matter Integrity and Idiopathic Dizziness in Cerebral Small Vessel Disease

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background and Aims
Three in ten older people (>60 years) complain of persistent dizziness which often remains unexplained
despite specialist assessment and vestibular tests. The pathophysiology of such idiopathic dizziness in older
people has remained unclear. We investigated if idiopathic dizziness was associated with vascular injury to
white matter tracts relevant to balance or vestibular self-motion perception in sporadic small vessel disease.
Methods
We prospectively recruited 38 vestibular clinic patients with idiopathic dizziness (median 77 years) and 36
asymptomatic controls (median 76 years) who underwent clinical, cognitive, balance, gait and vestibular
assessments, and structural and diffusion brain MRI.
Results
Patients had more vascular risk factors, poorer balance and worse executive cognitive function in association
with greater white matter hyperintensity in frontal deep white matter, and lower fractional anisotropy in the
genu of the corpus callosum and the right inferior longitudinal fasciculus. Tracts with lower fractional

anisotropy in idiopathic dizziness overlapped with those in which lower fractional anisotropy correlated with
worse balance across participants. More vestibular symptoms correlated with worse balance in patients.
Vestibulo-ocular reflex and perceptual vestibular function was similar in patients and controls, though a
white matter network involved in vestibular perception had lower connectivity in patients.
Conclusion
Our results show a relationship between lower microstructural integrity in frontal balance-relevant white
matter tracts in cerebral small vessel disease, poorer balance and idiopathic dizziness. This suggests cerebral
small vessel disease may be involved in the pathogenesis of dizziness in some older people.
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 ABSTRACT TITLE:

Vestibular Loss Disrupts Visual Reactivity in the Alpha Rhythm

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background and Aims
Stimulus-induced change in cortical activity is a key neural mechanism underpinning multisensory
information and is important for cognitive function. Multisensory integration is frequently studied using
known interactions of vestibular and visual systems. Visual motion stimuli deactivate vestibular networks
and vice versa. Relatedly, vestibular loss leads to increased visual dependence - a bias in multisensory
perceptual judgements towards vision (e.g. ‘which way is up?’). These findings imply normal vestibular
function is essential for the tuning of visual cortical activity. This predicts usual deactivation of the visual
cortex on eye closure is impaired following vestibular loss, in association with greater visual dependence. We
test this hypothesis using alpha EEG power as a corollary of visual cortical activity in patients with bilateral
vestibulopathy and controls.
Methods
Fifteen bilateral vestibulopathy patients (mean age 62 +/- 18 years [standard deviation] years), and fifteen
age-matched controls (62 +/- 20 years) had 32-channel EEG recordings in seated and standing postures, as
well as measures of the subjective visual vertical, and visual dependence by a computerised rod and disc
task. Alpha band (8-14Hz) EEG power was calculated at each channel. Statistical tests were undertaken by
linear regression, adjusted for multiple comparisons across channels by threshold-free cluster enhancement.
Results

With the eyes open, average alpha EEG power was similar in patients with bilateral vestibulopathy and
controls, in both seated and standing postures. Alpha EEG power enhanced on eye closure in both patients
and controls (p<.05) such that alpha enhancement on eye closure was significantly less in patients. Group
(patients/controls) influenced the effect of eye closure on alpha EEG power (p<.05); posture
(seated/standing) did not moderate this effect (p>.05). Group influenced the relationship between visual
dependence and alpha enhancement (p<.05). In patients, visual dependence correlated with less frontal
alpha enhancement (p<.05), whereas no significant correlation was present in controls. More visually
dependent patients thus had less alpha enhancement on eye closure.
Conclusions
Our results show vestibular loss disrupts usual increases in alpha EEG oscillations on eye closure. Correlation
in patients between more visual dependence and less alpha enhancement suggests vestibular loss and
central visuo-vestibular integration drive the reduction in alpha reactivity. Given the reactivity of alpha
oscillations to vision has been shown to be important in normal cognitive function, our finding of a
relationship between the alpha rhythm and vestibular functioning finding may have broader implications for
cognitive functioning following vestibular loss.

