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Post-spaceflight orthostatic intolerance, a principal NASA safety concern, is a complex multi-factorial problem that
continues to be poorly understood. Recent evidence clearly suggests that the vestibular otolith system, which is directly
affected by spaceflight, assists in both autonomic and blood pressure regulation during orthostatic stress. Vestibular
activation has also has direct effects on cerebral blood flow suggesting that vestibular inputs also affect the
cerebrovascular response to orthostasis. The goal of this research is to examine the role of vestibular inputs in cerebral
blood flow regulation and the effect of these inputs on orthostatic tolerance. Our general hypothesis is that otolith
mediated vestibular inputs act as a feed forward mechanism causing cerebral vasodilation to compensate for the
decrease in cerebral perfusion pressure during the upright posture. This project's four specific aims are to: 1) Determine
the effect of tilts in the pitch plane with and without visual feedback on cerebral blood flow and cerebral autoregulation
in healthy elderly with and without vestibular hypofunction and healthy young subjects.; 2) Determine the effect of
otolith vs otolith and canal stimulation on cerebral blood flow in healthy elderly with and without vestibular
hypofunction and healthy young subjects. This aim will be accomplished by varying the radius of rotation of subjects
on a short arm centrifuge; 3) Determine the effect of canal vs canal and otolith stimulation on cerebral blood flow in
elderly subjects with normal and reduced vestibular function. This aim will be accomplished by using earth vertical axis
rotations vs. head tilt while supine or prone; 4) Determine the effect of training subjects to associate otolith input as tilt
on cerebral blood flow during orthostatic stress in elderly subjects with intact and impaired vestibular function. This aim
will be accomplished by training subjects with tilt or centrifugation to interpret otolith signals as either translation or tilt
by providing visual scenes to reinforce this perception. The results of these studies will provide direct evidence on the
role of vestibular inputs in cerebrovascular regulation. This work may lead to new methods to diagnose and treat not only
post-spaceflight orthostatic intolerance but also the ~500,000 otherwise healthy subjects that are affected by orthostatic
intolerance.

Understanding the causes of orthostatic intolerance will directly benefit two groups of individuals. First, elderly
individuals have increased risks of falls which are associated with decreased quality of life and increased mortality.
Falls are the leading cause of death for older adults. In fact, Almost 11,000 older adults a year, or 30 each day, die from
a falls injury. Half of those who survive a fall never return to their prior level of mobility or independence. By reducing
the likelihood that an elderly individual will fall due to light headedness, i.e. orthostatic intolerance, we will be able to
improve the quality of life and reduce the rate of fall induced mortality in this group, a significant advance for the aging
population. In addition, almost 500,000 Americans suffer from orthostatic intolerance, often with poor treatment
outcomes. Currently a possible vestibular role for orthostatic intolerance is not considered. This research could not only
highlight a new cause of orthostatic intolerance but lead to new treatments including vestibular rehabilitation, etc.

To complete the specific aims laid out in the grant, the PI has had three primary goals during the last year of this grant:
1) Complete screening of elderly and young to determine normal and impaired vestibular function 2) Testing the first
cohort of subjects for Specific Aim 1 and 2 while preparing for completion of Aims 1, 2 and 3 in year 3 of the grant 3)
Beginning data collection in Portland, Oregon for centrifugation studies

During this past year we have continued to collect screening data and reached 160 subjects (80% of the total number
expected to be enrolled). From this we have found several interesting findings already. In addition our initial data
indicates that vestibular function has a direct effect on the initial response to orthostatic stress and thus may be
implicated in the orthostatic intolerance problem seen in astronauts. We plan to complete specific aim 1 within the first 3
months of the current funding cycle. We anticipate we will be able to complete Specific Aim 3 by the end of August
using the same group of subjects used for the tilt study.

We have begun centrifuge testing at Legacy Health Systems in Portland, Oregon (Specific Aim 2) and have present data
on 10 subjects to date. As can be seen, these data further support a connection between the vestibular system and
cerebrovascular regulation. We plan to complete Specific Aim 2 by the end of the current funding period.
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