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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. 
NASA Research Announcement 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, 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 are completing the seventh year of this project. We have 15 participants in varying states of data collection (two
were approximately one year flight subjects). Three of these fifteen are still undergoing data collection, with the final
test sessions to occur in 2020. During the reporting period, we have a published a paper applying similar metrics to
retrospectively acquired clinical MRI scans of astronauts (Lee et al., 2019 JAMA Neurology). We reported patterns of
fluid distribution within the brain that reflect an upward shift of the brain within the skull. This results in less fluid
around the top of the brain, and increased fluid in the lower portions. We also found changes in brain connection
pathways that are involved in processing sensory information and controlling movement. 
Preliminary analyses of our ongoing data further reveal that crewmembers are slower post flight on tests of bimanual
coordination and mental rotation. These are not generalized slowing effects, as other measures showed no changes in
speed. Moreover, accuracy was unchanged despite these slowing effects, supporting that the changes were not simply
reflecting strategic speed-accuracy trade off effects. 
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