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Internal Project

Hypothesis: We hypothesize that blood vessels in the retina necessarily remodel to accommodate cephalad fluid shifts
incurred in microgravity, and that vascular remodeling occurs in advance of other ocular and visual changes associated
with visual impairments and increased intracranial pressure (VIIP), such as choroidal folds, cotton wool spots, and visual
impairments. In particular, we predict that smaller blood vessels are mostly likely to remodel in response to the fluid
shifts.

Aims: Alterations of vascular patterning in the retinas of Astronaut Crew Members and Bed Rest Subjects will be
mapped and quantified by NASA’s VESsel GENeration Analysis (VESGEN) software. For the two retrospective
studies, vascular patterning will be analyzed in images acquired by Heidelberg 30 degree Spectralis infrared (IR)
imaging before and after (pre and post) astronaut missions to the International Space Station (ISS), and before and after
70 days of bed rest at 6 degree head-down tilt. Results for retinal vascular patterning by VESGEN will be correlated
with other ocular and cardiovascular parameters.

Methods: A preliminary feasibility study with the Human Research Program (HRP) of vascular images acquired by the
same Heidelberg IR modality demonstrated that the sensitive VESGEN analysis can detect vascular patterns of arterial
and venous branching that were highly similar in two retinas, but significantly different from arterial and venous
branching in a third retina.

The design of the subsequent investigations of Crew Members (n=8) and Bed Rest Subjects (n=10) is essentially
identical. During Phase 1, the pre and post status of the retinal vascular images is blinded (i.e., unknown) during the
VESGEN analysis of retinal vascular pattern. During Phase 2, following communication of pre and post status to the
VESGEN team, results for retinal vascular patterning are evaluated according to the pre and post status of the Crew
Members and Bed Rest Subjects. Finally, results for the vascular patterning analysis are compared with other ocular and
cardiovascular parameters.

Results of VESGEN research on retinal vascular remodeling in Crew Members and Bed Rest Subjects may contribute to
better understanding and countermeasures development for the VIIP syndrome. The VESGEN vascular analysis is being
applied to another HRP study on rodent hindlimb unloading, an experimental model of cephalad fluid shifts resulting
from microgravity. The increased knowledge and innovations from our VESGEN project for astronaut health will benefit
similar studies for vascular-based terrestrial diseases such as diabetic retinopathy (DR), the major blinding retinal disease
of working-aged adults, and other vascular-dependent diseases.

Phase 1, Complete: Mapping and quantification of the retinal arterial and venous branching patterns by VESGEN
analysis is complete for both the Crew Members and Bed Rest Subjects. Preliminary observations during this phase of
study suggested that vascular resolution in the Crew Member and Bed Rest images was less clear (more diffuse) than in
images of the feasibility study. Concerns were discussed with HRP that any changes in vascular patterning detected by
the VESGEN analysis could result from two causes: 1) actual pre and post changes in vascular patterning, and/or 2)
differences in imaging quality between the pre and post images. A novel automated masking method for comparing the
relative presence or absence of blood vessels in the two images of the same retina was developed as an analytical tool
with Matlab.

Phase 2, In Progress: The pre and post status of the Spectralis images for Crew Members and Bed Rest Subjects has
been communicated to the VESGEN team. As requested previously by HRP, assessment of vascular patterning
determined by VESGEN analysis for the Bed Rest images will be completed first, and is in progress. Next other ocular
and cardiovascular parameters will be compared with the VESGEN results. After completion of the Bed Rest Phase 2
analysis, the same analysis will be applied to the Crew Member images. The Final Report will follow in the near future.
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