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Magnetic Resonance Imaging (MRI) of the brain before and immediately following long-duration International Space
Station (ISS) flights as well as Antarctic winter-over missions have revealed structural changes, but the time course of
recovery and clinical significance remain unclear. This international proposal will “determine if exposure to
long-duration spaceflight leads to neural structural alterations and if this remodeling impacts cognitive and functional
performance” (HRP Gap BMed-107). To accomplish this, we propose to leverage data from our already funded
integrated 1-Year Mission Project (i1 YMP) and extend the follow-up period for N=20 astronauts on 6- and 12-month
ISS missions to 3-years post-flight (this follow-up period can be extended should structural and functional brain changes
not be fully reversible within 3 years after return from the ISS). Measures of cognitive function include the Cognition
test battery (developed by NASA Principal Investigator Dr. Basner and his team), a Spatial Cognition test battery
(developed by German Aerospace Center (DLR)/European Space Agency (ESA) Principal Investigator Dr. Stahn and his
team), and NASA’s standard WinSCAT test battery (which currently is last performed 30 days post-flight). These tests
will be performed up to 7 times post-flight, which will provide an exceptional resolution in mapping the recovery time
course of any observed decrements in cognitive performance across a wide range of cognitive domains and constructs.
The cognitive data will also be used to either extend existing or start building normative databases. In our il YMP, we
perform structural and functional MRI scans in astronauts before and immediately after the mission. These scans include,
but go beyond, protocols that were the basis for several recent publications that observed structural brain changes in
astronauts immediately post-flight and can thus augment these data sets. In our il YMP, astronauts perform a functional
MRI version of Cognition (Project A) as well as a complex Mars navigation task (Project B) in the scanner, which
allows us to link task-specific changes in brain plasticity with any relevant changes in neurobehavioral performance with
the Cognition and Spatial Cognition batteries and assess their neural basis. T1- and T2-weighted structural scans will be
used to investigate changes in brain structures that have been implicated in the development of the Spaceflight
Associated Neuro-ocular Syndrome (SANS) (e.g., upward shift of the brain, increases in cerebrospinal fluid (CSF)
volume with periventricular white matter hyperintensities; Human Research Program (HRP) Gaps SANS1 and 13;
Project A) and that have been shown to be most vulnerable to spaceflight stressors (i.e., visuospatial brain domain
changes; Project B). Seven post-flight scans (R+3, R+5, R+30, R+180, R+360, R+720, R+1080) will provide an
unmatched resolution in mapping the recovery time course. Clinical significance of cognitive and MRI data will be
based on deviations from pre-flight measurements as well as from normative data collected in other astronauts and
astronaut-surrogate populations.

In summary, this international project will monitor changes in brain structure and function up to 3-years post-flight to
determine 1) whether they persist in some astronauts, 2) if so, for how long, and 3) whether there are any long-term
health consequences. It will thus deliver critical insights into the time course of brain changes and their functional
relevance observed in astronauts after ISS missions lasting 6-months and longer. Synergies between the projects will be
used to provide NASA and DLR/ESA with insights that go beyond the specific aims of the individual projects.

Detailed astronaut follow-up after return from spaceflight has historically been limited to a few weeks, which prevents
conclusions about long-term health consequences of astronauts, especially after longer stays in space. This study will
follow astronauts for up to 5 years after >=6 months missions. The research partially translates to similar stressful
long-term exposure situations on Earth.

This project is being combined with the work of three other PIs who responded to the same solicitation with independent
proposals. During this reporting period, the protocols and aims from all four Pls are being integrated into a revised
integrated proposal that was delivered to NASA Human Health Countermeasures (HHC) and NASA Human Factors

and Behavioral Performance (HFBP) Element scientists in January 2022. Based on feedback from the elements, the
protocol was further revised and submitted for review and delivered to HHC and HFBP Element scientists in December
2022. During this process, the research team determined how to combine magnetic resonance imaging (MRI) sessions
from multiple PIs, identified and removed overlapping procedures, and made substantial progress toward having a
single, integrated budget.
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