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Abstract

Spaceflight-associated neuro-ocular syndrome (SANS) has become one of the most prevalent medi-
cal risks associated with long-duration human spaceflight, manifesting in about 70% of crew members
on missions lasting at least 90 days. During long-duration spaceflight, microgravity-induced shifts in
intracranial fluid and pressure lead to key features of SANS: optic disc edema (ODE), posterior globe
flattening, and hyperopic shifts. While ODE shows post-mission regression and resolution, posterior globe
flattening and hyperopic shifts are permanent in a significant subset of crew members. These pose not
only a mission-ending threat, but a threat to long-term visual health, a barrier to multiyear transit and
surface operations, and an overlooked occupational hazard which necessitates transition from a reactive
approach to a proactive, predictive one. Despite NASA’s implementation of countermeasures like lower
body negative pressure (LBNP), it lacks validated risk stratification tools which results in a ‘one-size-fits-
all” approach that fails to protect the highly susceptible against permanent ocular damage. To address
this gap, this study proposes a data-efficient deep learning framework using a multi-stage transfer learning
strategy designed to predict SANS-related morphological alterations to the ocular structure. The model
begins with domain-specific pretraining on the terrestrial Kermany 2018 human dataset (n = 108,312
scans) to serve as a foundation for precise ocular morphology extraction. In Phase 2, NASA’s Open
Science Data Repository (OSDR) studies OSD-679 on rodents and OSD-680 on humans are used to fine-
tune the model. By analyzing rodent analogs under simulated microgravity, the model learns to identify
specific SANS-related biomechanical changes, such as optic nerve head (ONH) displacement and retinal
thickening, that parallel human SANS presentations. To predict irreversible ocular damage, the frame-
work evaluates pre-exposure markers, such as the geometry of the Bruch’s membrane opening (BMO) and
baseline retinal nerve fiber layer (RNFL) thickness, to identify high-risk structural profiles. Anticipated
results suggest that this framework will achieve high sensitivity in identifying individuals at risk for optic
disc edema and permanent refractive shifts before launch. By enabling individualized risk profiling, this
approach informs pre-mission planning and the targeted deployment of countermeasures, such as person-
alized LBNP protocols, which are critical for the safety architecture of Artemis and Mars campaigns.
This movement toward autonomous health monitoring ensures mission success in communication-delayed
environments while preserving the lifelong visual health of long-duration crew members.



