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Our group has reported an upward shift of the brain within the skull following spaceflight, which results in apparent
reduced gray matter volume in inferior and frontal brain regions, and apparent increased volume in superior and
posterior regions, as measured by magnetic resonance imaging (MRI). Another recent paper that we have published
reports free water (fluid in the ventricles and extracellular space) changes in the brain with spaceflight, and degradation
of sensory and motor white matter pathways (Pasternak O et al., "Spaceflight-Associated Brain White Matter
Microstructural Changes and Intracranial Fluid Redistribution." JAMA Neurol. 2019 Apr 1;76(4):412-419. https:// .
PMID: 30673793; PMCID: PMC6459132). Some of these measures show recovery to preflight levels by six months

postflight, whereas others do not. For example, in two crewmembers who spent ~12 months in space, free water
recovers only 75% by six months postflight. We have also observed increases in ventricular volume with spaceflight,
ranging from 5 — 35% across astronauts. These changes exhibit little recovery by six months postflight, raising the
possibility that these effects persist for prolonged durations.

The brain’s glial lymphatic (or ‘glymphatic’) pathway was identified in humans in just the past few years. It has been
suggested that "ocular glymphatic" and cerebral lymphatic dysfunction may contribute to optic disc edema in astronauts,
which is one sign of Spaceflight Associated Neuro-ocular Syndrome (SANS). SANS affects up to 50% of long-duration
astronauts and poses significant health concerns. Many of these glymphatic vessels are found at the top of the brain and
in the human extravascular visual system. Thus, the fluid and brain positional shifts that occur in microgravity may slow
the rate of clearance of substances through this system. We are currently testing the impact of elevated CO2 on
glymphatic clearance supported by an Office of Naval Research (ONR) grant (awarded to Kernagis and Seidler).

The long-term health and functional consequences of these spaceflight-induced brain changes remain unknown, but our
preliminary data suggest little recovery of fluid shifts that occur with one year in space when measured six months after
return. Thus, we propose the following aims in response to Topic 3 of 80JSC019N0001-HHCBPSR:

Aim 1) Determine the recovery timeline of spaceflight-induced ocular changes (e.g., signs of SANS such as optic disc
edema) and changes in brain structure, function, and fluid shifts, measuring out to five years postflight. Aim la will

comprise prospective assessments, while Aim 1b will leverage follow up testing on crewmembers who participated in
our Neuromapping flight study and those crewmembers who have existing retrospective pre and postflight MRI scans.

Aim 2) Examine longitudinal data for markers of long term health consequences and determine their association with
persistent, spaceflight-induced ocular / brain changes. This project will elucidate the persistence of spaceflight-induced
ocular and brain changes, as well as quantify their association with long-term health. Determining this is critically
important as we extend the duration and distance of human space travel in the near future.

This project has the potential to benefit life on Earth by leading to a greater understanding of central nervous system
plasticity.

This project was under development phase and work was conducted to integrate across investigators for a Virtual NASA
Specialized Center of Research (VNSCOR). The center proposal was approved in early 2023.
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