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As part of the CIPHER project (Complement of Integrated Protocols for Human Exploration Research), we are
investigating visuospatial brain domain changes and spatial cognition in the up to 30 CIPHER crewmembers assigned to
6-, and 12-month ISS missions as well as in an equal number of age-, sex- and education-matched ground controls. The
experiment is part of an international project consisting of three experiments (lead by Drs. Basner, Stahn, and Ivkovic,
respectively) with synergistic aims that are being carried out in a joint effort by NASA and DLR/ESA. Dr. Stahn’s
project specifically targets spatial cognition, how it relates to structural and functional brain changes and their molecular
signatures. Given the impact of visuospatial brain domain changes on neurobehavioral functioning, operations and safety
during LDM (i.e., docking, landing, navigating on the planetary surface), spatial cognition and its neural basis are a key
concern for extended mission durations. Dr. Ivkovic’s team will assess sleep, stress and immune responses, and
operational performance leveraging the Canada arm simulator— Robotic on Board Trainer for Research (ROBoT-r).
These projects are presented separately in other abstracts. This project (PI Dr. Basner) focuses on neurostructural and
cognitive changes. Astronauts will each perform NASA’s Cognition test battery before, during, and after their 6-, or
12-month ISS missions. Based on protracted performance decrements observed in Scott Kelly after his one-year mission,
the last test bout will be performed 1 year after return to Earth. The data will be used to generate temporal profiles of
human cognitive performance that will inform future long-duration deep space missions. They will also be combined
with existing Cognition data collected by the PI and his team on the ISS and in several space analog environments on
Earth as the basis for a normative database for long-duration space missions. All astronauts will undergo structural and
functional Magnetic Resonance Imaging (MRI) before and immediately after the mission (R+5, R+30). They will
perform a version of the Cognition test battery that was specifically designed for the MRI (i.e., fCog) in the scanner. We
will correlate structural and functional changes observed during fMRI scans post-flight relative to pre-flight with in-flight
changes in Cognition performance to establish the biological basis for any observed cognitive performance changes. We
will also integrate the general cognitive performance data from Cognition with spatial navigation, learning, and memory
data as well as with biomarkers collected in Project B (Spatial Cognition and Hippocampal Plasticity During
Long-Duration Low-Earth Orbit Missions: HypoCampus in i1 YMP) before, during, and after flight. The current plan is
to investigate 13 astronauts on 6- or 12-month ISS missions as well as 13 age and sex matched controls, who will
perform tests/scans at the same intervals as the matched astronaut but with a 2-month delay.

The three projects will deliver a highly unique and comprehensive set of integrated neuroimaging and neurocognitive
tools for the evaluation and ultimately prevention of adverse effects on brain structure and function that lead to
behavioral effects associated with exploration-type missions. As the Cognition test battery was developed for
high-performing subject populations, this work will also translate to high performing populations on Earth (e.g.,
physicians, submariners).

At the time of this writing, four astronauts and one matched control have been enrolled in the study and are at various
stages of the study (i.e., pre-, in-, and post-flight).
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