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Abstract

Spaceflight-Associated Neuro-Ocular Syndrome (SANS) is a physiological condition observed during
and after prolonged exposure to microgravity, characterized by optic nerve head edema, posterior globe
flattening, and hyperopic refractive shifts. Microgravity-induced cephalad fluid redistribution increases
cerebral venous pressure and alters the translaminar pressure gradient between intracranial pressure and
intraocular pressure, a mechanism considered central to SANS-related structural changes. As human
spaceflight advances toward longer-duration missions, including deep-space and Mars exploration, cumu-
lative exposure to these mechanisms increases physiological vulnerability, making predictive and preventive
strategies critical for astronaut health and mission sustainability.

Current SANS research has primarily emphasized in-flight monitoring and post-flight structural doc-
umentation, improving mechanistic understanding but offering limited capability for individualized pre-
vention. Integrated frameworks combining pre-flight susceptibility assessment with adaptive in-flight risk
management remain underdeveloped, constraining timely countermeasure deployment before irreversible
neuro-ocular changes occur.

The objective of this study is to develop a physiology-informed, integrated pre-flight and in-flight
risk stratification framework to reduce the likelihood and severity of post-flight SANS manifestations
during long-duration missions. The central hypothesis is that pre-existing anatomical characteristics in-
fluence individual susceptibility to microgravity-induced intracranial–ocular pressure dysregulation, and
that combining baseline vulnerability assessment with dynamic in-flight indicators enables targeted inter-
vention.

Two research questions are addressed: can structural imaging biomarkers obtained pre-flight identify
individuals with increased susceptibility to SANS, and can integrated pre-flight classification with in-flight
physiological indicators support operationally relevant countermeasure planning?

The methodology incorporates quantitative biomarkers derived from routine Magnetic Resonance
Imaging and Optical Coherence Tomography, including optic nerve sheath diameter, perioptic subarach-
noid space width, posterior globe curvature, axial length, and retinal nerve fiber layer thickness. These
parameters establish a structured pre-flight risk-tier classification of low, moderate, and high risk, which
is dynamically refined during flight using indicators related to fluid redistribution and ocular structural
adaptation.

For astronauts classified as moderate or high risk, tailored countermeasures are proposed, including
scheduled Lower Body Negative Pressure sessions, individualized exercise protocols supporting vascular
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regulation, and sodium-modulated nutritional strategies for fluid balance control. Expected outcomes
include improved identification of vulnerable individuals, earlier countermeasure deployment, and reduced
severity or persistence of post-flight SANS-related structural changes.

By integrating mechanistic understanding of intracranial–ocular pressure coupling with operational
risk stratification, this work introduces a predictive decision-support approach that strengthens astronaut
health protection and supports sustainable human exploration beyond low Earth orbit. This framework is
scalable across mission profiles and relevant to spaceflight and terrestrial extreme environments research.
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