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Performance Goal Text:  

Task Description:

NRA NNJ14ZSA001N-MIXEDTOPICS requests proposals in the area of “Risk Characterization and Monitoring of
Behavioral Health and Performance Relevant Outcomes” to determine the effects of 30 days head down tilt bed rest in a
0.5% CO2 environment on neurobehavioral signs and symptoms, neurostructural and neurofunctional alterations, and
changes in cognitive function and operational task performance. Our Neuromapping studies measure precisely these
metrics in a flight study and a 70 days head down tilt bed rest study under normative conditions. Here, our overarching
goal is to quantify neurocognitive changes and associated neural structural and functional alterations occurring as a
result of a 30 days head down tilt bed rest plus 0.5% CO2 environment, serving as a spaceflight analog exposure. We
will identify the relationship between these neural changes and behavioral function. Our approach utilizes cutting edge
neuroimaging techniques and a broad ranging battery of sensory, motor, and cognitive assessments to investigate
neuroplastic and maladaptive brain changes occurring in a spaceflight analog environment. Success in this endeavor
would 1) result in identification of the underlying neural mechanisms and operational risks of changes in behavior with
a spaceflight analog, and 2) identify whether a return to normative behavioral function following bed rest is associated
with a restitution of brain structure and function or instead is supported by substitution with compensatory brain
processes. Moreover, addition of a CO2 group will enable us to parse out the multiple mechanisms contributing to any
spaceflight induced neural structural and behavioral changes that we observe in our ongoing flight projects ((NASA
flight project, Seidler Principal Investigator (PI); ILSRA flight study, Stahn PI)), and comparison with our recently
completed bed rest projects (Seidler and Stahn, PIs) will allow us to delineate brain and behavioral changes occurring
with long term exposure to slightly elevated CO2 levels. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

This project uses long duration head down tilt bed rest as a spaceflight environment analog. The intervention mimics
several aspects of human spaceflight, including a shift of fluids towards the head and unloading of the body. Thus the
results are relevant for clinical populations on Earth, including individuals who are bed ridden for extended periods of
time. Moreover, the shifts that occur in how the brain weights sensory information show some similarities with age
changes in sensory processing. Thus understanding how the brain and behavior change in response to this environment
can also shed insight into the aging process on Earth. 
  

Task Progress:

Data collection for this project was successfully completed at the :enivhab facility in Cologne, Germany, in December
2017 and all data have been transferred. We are in the process of completing data analyses and preparing manuscripts
for submission. To date, we have found a facilitation of processing speed and a decrement in functional mobility for
subjects undergoing head down bed rest (HDBR) HDBR+CO2 relative to our previous study of HDBR in ambient air.
This suggests there may be combinatorial effects of elevated CO2 and the other physiological effects of HDBR
including headward fluid shifts and body unloading. 
Interestingly, approximately half of the participants in this campaign developed signs of Spaceflight Associated
Neuro-Ocular Syndrome (SANS). We found that participants who exhibited signs of SANS became more visually
dependent and shifted their speed-accuracy tradeoff, such that they were slower but more accurate than those that did
not incur ocular changes. These small subgroup findings suggest that SANS may have an impact on mission relevant
performance inflight via sensory reweighting. 

In addition, we have found brain changes that occur throughout the HDBR+CO2 intervention, with correlate with pre to
post bed rest changes in behavior. For example, we have found that connectivity between sensorimotor and higher-order
visual brain areas increases with bed rest; moreover, greater increases were associated with more slowing on a functional
mobility test post bed rest. 

We also found that subjects who did and did not develop signs of SANS were different at the outset of the study.
Subjects who did not develop SANS had strong connectivity within a visual processing network at baseline, whereas
those that did, did not have significant connectivity within this network. 

We are completing data analyses and preparing several manuscripts for submission. 
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