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Task Description:

Editor's Note (4/24/2013): NOTE THIS IS A CONTINUATION OF FUNDING FOR NNX12AL66G WITH THE
SAME TITLE AND PRINCIPAL INVESTIGATOR. 
We will use state-of-the-art, non-invasive technologies to quantify upper-body compartmental volumes and pressures in
crew members before, during and after prolonged space flight. Importantly, we will correlate these data with vision
deficits that occur in order to establish pathophysiologic mechanisms that will serve as basis for future countermeasure
development. After successful completion of our investigation, we will deliver a comprehensive database of
microgravity-induced, head-ward volume and pressure changes (type and magnitude) and a prioritization of these
changes as to their deleterious effects on vision in crewmembers during and after prolonged space flight. We are
proposing a well-documented and validated battery of non-invasive or minimally-invasive, image-based tests developed
to identify and quantify microgravity-induced, head-ward volume and pressure changes. We hypothesize that prolonged
microgravity-induced, head-ward volume and pressure shifts are responsible for elevating intracranial pressure (ICP)
and producing deficits in crewmembers’ vision. Our project directly addresses Critical Path Roadmap Risks and
Questions regarding “Risk of Microgravity-Induced Visual Alterations and Intracranial Pressure”, specifically IRP Gap
CV7: How are fluids redistributed in-flight? and IRP Gap VIIP1: What is the etiology of visual acuity and ocular
structural and functional changes seen in-flight and post-flight? Our first specific aim is to study periocular fluid
volumes, intraocular pressure (IOP), upper-body compartment volumes before, during and after prolonged microgravity
exposure. The second specific aim is to measure jugular vein dimensions and blood flow using ultrasound before, during
and after prolonged microgravity exposure. The third specific aim is to quantify ventricular and cerebrospinal volumes
using ultrasound before, during and after prolonged microgravity exposure. A fourth specific aim is to perform retinal
imaging to observe retinal venous distension in space. Tests of ocular structure will include optic nerve head
tomography, nerve fiber layer thickness, axial length, and orbital retrolaminar subarachnoidal space. Tests of ocular
function will include visual acuity, total retinal blood flow, and capillary blood flow in the optic nerve head and macula.
Finally, changes in ICP, IOP, and ocular structures and functions will be investigated while applying a
purely-mechanical countermeasure of low-level lower body negative pressure or thigh cuffs to counteract the head-ward
fluid shift in space. 

To our knowledge, this study will be the first to provide detailed and non-invasive measures of compartmental volume
and pressure changes in the upper body induced by prolonged microgravity and to correlate these specific changes with
decrements in vision for crewmembers. The proposed techniques represent the best available, state-of-the-art tools to
quantify and document features that are clinically suspected as vision deficit generators. By correlating volume and
pressure changes with vision problems, we expect to identify factors that will later motivate targeted development of
effective physiologic countermeasures such low-level lower body negative pressure exposure or thigh cuffs in space.
This project has the potential to prevent loss of vision in crewmembers exposed to prolonged space flight and upon
return to Earth. 

NOTE: This study was merged with investigations from Dr. Michael Stenger (Distribution of Body Fluids during Long
Duration Space Flight and Subsequent Effects on Intraocular Pressure and Vision Disturbance) 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). 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:   

Task Progress:

New project for FY2013. 
NOTE THIS IS A CONTINUATION OF FUNDING FOR NNX12AL66G WITH THE SAME TITLE AND
PRINCIPAL INVESTIGATOR. 
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