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Internal Project

This proposal will identify if ocular structure and function alterations occur at a greater frequency and magnitude during
one-year missions compared to six-month and six-week expeditions and whether the recovery profile is dependent upon
mission duration. In addition, this project will determine if changes in vascular structure and function are greater after
one-year missions and contribute to alterations in ocular structure and function. The identification of structural and
functional changes will provide NASA the information necessary to inform the risk posture for future interplanetary
expeditions with duration of up to three years and to identify possible countermeasures.

SPECIFIC AIMS

Conducting Spaceflight Associated Neuro-ocular Syndrome (SANS) research on one-year, six-month, and short-duration
(2-month) crew members will enable us to objectively generate data to help NASA determine if and how SANS
symptoms worsen with mission duration. These new data from longer missions will enable us to develop a non-linear
trend model that can be extrapolated to make predictions for even longer missions, up to three years, and therefore help
NASA to define the risk posture for future interplanetary expeditions, and to identify possible countermeasures by the
following specific aims:

Specific Aim 1: To determine if ocular structural changes develop to a greater degree (frequency or magnitude) during
long-duration one-year spaceflight missions compared to findings during shorter length missions and if recovery is
prolonged after longer missions.

Specific Aim 2: To determine if ocular vascular structure is altered to a greater degree during long-duration one-year
spaceflight missions, and if recovery is more prolonged.

Specific Aim 3: To determine if ocular function is altered to a greater degree during long duration one-year spaceflight
missions, and the recovery profile.

Specific Aim 4: To determine if measures of vascular structure and function are altered to a greater degree during
long-duration one-year spaceflight missions and if these vascular adaptations correlate with alterations in ocular structure
and function.

RELEVANCE & MAP TO HUMAN RESEARCH ROADMAP

This multi-project proposal is in response to NASA research announcement Human Exploration Research Opportunities
(HERO), 80JSC017N0001-BPBA, Appendix C, Topic 1: Analyses of the Temporal Nature of Human Adaptation to
Long-Duration Low-Earth Orbit Mission Virtual NASA Specialized Center of Research (VNSCOR). This proposal
addresses multiple Human Research Program (HRP) Integrated Research Plan Gaps, including: SANS101: Determine
the relationship between fluid shifts (intravascular, interstitial, CSF) and ocular manifestations in astronauts during
spaceflight. SANS102: Determine the relationship between the fluid-shifts induced ocular changes and fluid shifts in the
CNS, including whether elevated intracranial pressure or brain edema play a role.

The Investigating Structure and Function of the Eye (iISAFE) research study will advance NASA’s understanding of
Spaceflight associated neuro-ocular syndrome (SANS), an important human health and performance risk, by quantifying
how ocular alterations develop as a function of spaceflight duration and identifying causative mechanisms. Results from
this study are anticipated to lead to a temporal model of SANS progression during long-term missions and to inform the
development of countermeasures. Given the unique environment of the International Space Station, commonly used
ophthalmic instruments are being implemented in novel operational environments. This work may lead to clinical
practice adopting these new hardware, software, or protocol elements, benefiting patients on Earth. SANS shares
characteristics with several terrestrial ophthalmic diseases, such as papilledema, and iSAFE study results could provide
new insights into mechanisms underlying these conditions.

Within this reporting period:

* The iSAFE Principal Investigator (PI) team has worked with NASA Research Operations and Integration (ROI)
Element to integrate this project into the Compliment of Integrated Protocols for Human Exploration Research on
varying mission durations (CIPHER) project. The CIPHER study has received select-for-flight approval by the Human
Research Program Control Board.

* We completed an informed consent briefing (ICB) with a crewmember while iISAFE had a select-for-flight status for
the 6-month duration mission cohort. This status was reversed due to flight schedule conflicts, at which point iSAFE was
integrated into the prime CIPHER study, as mentioned above.

* Supported the CIPHER Study PI “Face-to-Face” meeting (1/31/2020), which represented a major step toward
coordinating the full complement of studies. Based on the outcome of this meeting, we updated our Institutional Review
Board documents and experiment procedures to ensure compatibility and appropriate data sharing with the other studies.

* Optical biometry hardware was acquired for ground baseline data collection.
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» The FORUM electronic medical records system was implemented for analyzing and securely storing visual field
analysis data.

» Worked with ROI to achieve milestones that have made research hardware (i.e., Electroretinography and
pneumotonometry systems) flight ready.

» Worked with ROI to baseline the Experimental Document for iSAFE 6-month cohort.
* The plans for iSAFE were presented at the 2020 Human Research Program Investigators’ Workshop in Galveston, TX.
* Substantial progress has been made towards completing the iSAFE data analysis plan.

* Substantial progress has been made towards completing the Standard operating procedures (SOPs) and workflows for
the collection of electroretinography, optical coherence tomography, pneumotonometry (intraocular pressure), and
visual field analysis data.

» We supported presentations to control boards to earn an accelerated select for flight status for initiating research with
the 6-month duration cohort.

* The drafting of operator logs to capture activity during ground and in flight data collection sessions is in progress.

* Substantial progress has been made in drafting of the iSAFE Test Readiness Review document.
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