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NOTE: End date changed to 10/1/2020 as Dr. Steven Laurie took over the project in August 2020 (Ed., 7/15/21)
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Internal Project

The central objective of the proposed work is to characterize the magnitude of the headward fluid shift during long
duration space flight and to measure the subsequent compartmentalization of this fluid. The second objective is to
correlate in-flight alterations of eye structure, ocular vascular parameters, and vision with headward fluid shifts, vascular
dimensions, and flow patterns. Finally, the third objective is to determine systemic and ocular factors of individual
susceptibility to the development of these inflight alterations.

In order to determine the effect of space flight on the headward fluid shift and subsequent redistribution across fluid
compartments, biochemical, ultrasound, and other non-invasive cardiovascular measures will be performed before
launch, during flight, and after landing. Total body water, extracellular, and intracellular fluid volume will be
determined by biochemical dilution techniques. Ultrasound will be used to assess upper vs. lower body interstitial fluid
and vascular flow and structure changes, ocular dimensions and optic nerve sheath diameter, and jugular venous
pressure. Near infrared spectroscopy will be used to measure lower vs. upper body local tissue hydration, and total
peripheral resistance will be calculated from noninvasively acquired blood pressure and cardiac output.

It is currently unclear why only some astronauts experience vision disturbances with space flight. It is hypothesized that
astronauts respond differently to the fluid shift inflight and that this impacts changes in ocular structure and function
changes. The goal of this study is to test this hypothesis. In doing so, this proposal directly addresses the Integrated
Research Plan Gap Cardiovascular (CV)7: How are fluids redistributed in-flight? and Gap Vision Impairment and
Intracranial Pressure (VIIP)1: What is the etiology of visual acuity and ocular structural and function changes seen
in-flight and post-flight? The research proposed here will determine the effect of long duration space flight on fluid
shifts and subsequent redistribution across fluid compartments and attempt to discern the contribution of these
adaptations to changes in ocular structure and function.

NOTE: This study was merged with investigations from Dr. Alan Hargens (Fluid distribution before, during and after
prolonged space flight) and Dr. Scott Dulchavsky (Microgravity associated compartmental equilibration) resulting in a
comprehensive study titled “Fluid Shifts Before, During and After Prolonged Space Flight and Their Association with
Intracranial Pressure and Visual Impairment” (short title: Fluid Shifts).

NOTE: Continued by "Distribution of Body Fluids during Long Duration Space Flight and Subsequent Effects on
Intraocular Pressure and Vision Disturbance (PI: Laurie)" due to Dr. Stenger's move to Element Scientist for Human
Health & Countermeasures element.

An early hypothesis considered elevated intracranial pressure (ICP) as a cause for space flight associated neuro-ocular
syndrome. Because of this, novel noninvasive ICP techniques, included tympanic membrane displacement and
otoacoustic emissions are being investigated to determine ICP changes associated with space flight. Knowledge gained
from this study may inform medical professionals treating and studying patients suffering from idiopathic intracranial
hypertension, a debilitating condition with some characteristics in common with that experienced by astronauts.

Within this reporting period we completed 10 inflight and 7 post-flight tests. To date, all pre/in/post-flight data collection
has been completed on 12 subjects for this experiment. The final subject will require 1 more post-flight session, which
will mark the completion of data collection for this study. This is expected to be completed by November of 2020.

Data collected as a part of this project were included in two presentations at the Human Research Program

Investigators' Workshop in Galveston, TX, invited oral presentations at the Humans in Space Annual Meeting in Dubai,
United Arab Emirates; University of Oregon Department of Human Physiology Seminar Series, Eugene, OR; Loma
Linda University Integrated Biomedical Science Seminar, Loma Linda, CA; the Blind Veterans Association Annual
Conference, Zoom Virtual Meeting; and the Rice University Keck Seminar, Zoom Virtual Meeting. In addition, a crew
report was completed to highlight individual results from that crewmembers participation in this study.

Partial results from this investigation were made available as part of 2 publications in the journals JAMA
Ophthalmology and JAMA Network. Results published in JAMA Network revealed the first time a venous thrombosis
was identified in a crewmember during space flight. This resulted in a number of news requests and media coverage.

NOTE: Continued by "Distribution of Body Fluids during Long Duration Space Flight and Subsequent Effects on
Intraocular Pressure and Vision Disturbance (PI: Laurie)" due to Dr. Stenger's move to Element Scientist for Human
Health & Countermeasures element. See that project for additional reporting and for other Colnvestigators associated
with the "Fluid Shifts" project over the life of the project.
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