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Task Description:

NOTE: Continuation of "Spaceflight Effects on Neurocognitive Performance: Extent, Longevity, and Neural Bases,"
grant NNX11AR02G, due to Principal Investigator Seidler's move to University of Florida from University of Michigan. 
NRA NNJ10ZSA003N requested proposals to assess changes in elemental neurocognitive functions such as perception,
motor control, memory, attention, language, executive function, and emotional processing following long duration
spaceflight using both behavioral assessments and monitoring technologies such as fMRI. In response to this call, we
propose to perform structural and functional MR brain imaging to identify the relationship between changes in
crewmember neurocognitive function and neural structural alterations following a six month International Space Station
mission. Our central hypothesis is that measures of brain structure, function, and network integrity will change from pre
to post flight in crewmembers (Aim 1). Moreover, we predict that these changes will correlate with indices of cognitive,
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Task Description:
sensory, and motor function in a neuroanatomically selective fashion (Aim 2). Our interdisciplinary approach utilizes
cutting edge neuroimaging techniques and a broad ranging battery of sensory, motor, and cognitive assessments that will
be conducted pre flight, during flight, and post flight to investigate neuroplastic and maladaptive brain changes in
crewmembers following long duration spaceflight. Success in this endeavor would 1) result in identification of the
underlying neural mechanisms and operational risks of spaceflight-induced changes in behavior, and 2) identify whether
a return to normative behavioral function following re-adaptation to Earth’s gravitational environment is associated with
a restitution of brain structure and function or instead is supported by substitution with compensatory brain processes. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

The results of this project will have relevance not only to understanding the effects of spaceflight on the human brain and
behavior, but also for delineating the capacity of the brain to remodel in response to adaptive stimuli. As such, the results
should prove informative for understanding the neural mechanisms associated with adaptive behavioral change and the
rehabilitation of these changes during recovery periods. 
  

Task Progress:

We have made substantial progress over the past year; at this point we are halfway through data collection with six
crewmembers who have completed all testing timepoints, and several others in various stages of progress. We are also
working with a retrospective diffusion weighted MRI data set obtained from the Lifetime Surveillance of Astronaut
Health (LSAH) database. In light of the recent reports of microgravity-induced cephalad fluid shift and gray matter
atrophy seen in astronauts, we applied a technique to estimate white matter metrics after correcting for free water
contamination. This approach enabled the analysis of white matter tissue-specific alterations that are unrelated to fluid
shift, occurring from pre- to post- spaceflight as well as regional shifts in free water (FW). These findings are currently
under review for publication. Prospective longitudinal studies are required to evaluate the time course of recovery from
these changes. 
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