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Task Description:

As of 2016, ~40% of crew members completing long-duration spaceflight missions have developed ocular structural or
functional changes that characterize the Spaceflight Associated Neuro-ocular Syndrome (SANS) (formerly, Visual
Impairment, Intracranial Pressure syndrome (VIIP)), yet no ground-based analogs have successfully replicated these
symptoms. Carbon dioxide (CO2) is elevated on the International Space Station (ISS) and has been hypothesized to
contribute to the development of SANS, which may explain why previous ground-based analog studies which have not
included elevated CO2 levels in the ambient air have not successfully replicated SANS. The research outlined in this
grant proposal seeks to link physiological changes that occur during exposure to chronic hypercapnia (elevated carbon
dioxide, 0.5% CO2 inspired) similar to that occurring on ISS, in subjects undergoing the spaceflight analog of 6°
head-down tilt bed rest, with changes associated with the SANS syndrome and decrements in cognition, sleep quality,
and circadian alignment. Optical coherence tomography, intraocular pressure, cerebral and ocular blood flow, and
sensitivity to carbon dioxide will be used to assess the development of SANS and determine the relationship between
physiological changes associated with hypercapnic bed rest and SANS symptoms. Cognitive function will be assessed
using two tools: the Cognition battery currently being tested on ISS crew members, and the Digital Automated
Neurobehavioral Assessment, the only FDA-cleared computerized cognitive assessment tool that has been validated in
thousands of active military personnel. The Philips Respironics Alice PDx Sleep System will be used to assess sleep
quality and core body temperature will be measured to determine circadian misalignment. This research proposal
addresses multiple risks within NASA’s Integrated Research Plan, including determining if this unique ground-based
analog can simulate SANS, and if the mild hypercapnic environment represents a threat to behavioral health and
performance, sleep quality, and normal circadian rhythm. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:
Research conducted as part of this experiment was unique to the International Space Station environment due to the
elevated ambient CO2. However, understanding the role of a chronic headward fluid shift on ocular pathology will
provide new insight into mechanisms of ocular diseases on Earth. 
  

Task Progress:

The data outlined in this report were collected at the Institute for Aerospace Medicine at the German Aerospace Center
(DLR) :envihab facility at an altitude of ~50 meters as part of the “VIIP and Psychological :envihab Research (VaPER)”
bedrest campaign. Data collection occurred from October 2 through December 4, 2017. Twelve subjects (six female)
consented to participate in this study, but one female subject dropped out after the start of data collection. Data from the
remaining 11 subjects are presented here. 
The novel approach to this study compared to previous head-down tilt bed rest (HDTBR) studies was to more closely
match the International Space Station (ISS) environment. To do this, two modifications were implemented that differed
from previous HDTBR studies. 

First, this study included a 3.8 mmHg (0.5%) CO2 environment (3.8 mmHg) in the ambient air during the 30 days of
HDTBR. During the pre- and post-HDTBR period subjects were exposed to normal indoor CO2 levels. The mild
elevation in ambient CO2 levels was made possible because of the unique climate control capabilities of the DLR
:envihab facility that allows for elevated CO2 levels to be maintained throughout the entire module the subjects lived in,
including the 12 individual bedrooms used by subjects. 

Second, previous head-down tilt bed rest (HDTBR) studies have allowed subjects to use a pillow during the day and at
night which lifts the head out of the HDTBR position relative to the rest of their body. Additionally, subjects were
previously allowed to raise their head and upper body onto an elbow to eat during meals. In the current study subjects
were not allowed use of a traditional pillow during HDTBR, nor were they allowed to lift their head and upper body
during meals. A custom head-support was developed for use during side-sleeping, which some subjects chose to use. As
a result, these subjects maintained a strict head-down tilt posture throughout the duration of the study, more accurately
mimicking the chronic nature of the headward fluid shift that occurs on ISS. 

Currently, an astronaut is diagnosed with SANS if they develop optic disc edema based on fundoscopic images revealing
a Frisèn Scale grade 1 or higher. However, additional ocular structural changes including choroidal and/or retinal folds,
cotton wool spots, hyperopic shifts, and globe flattening have also been documented in astronauts and are being tracked
as metrics related to SANS by Flight Medicine. In this study, we documented for the first time the development of optic
disc edema in 5 of 11 subjects, but did not identify any choroidal or retinal folds or cotton wool spots. We did not
conduct MRI imaging to determine if globe flattening developed. Cycloplegic refraction was not conducted so we do not
have an objective assessment of refractive error change, but there were no changes in corrected visual acuity. 

Data collection and analysis are complete. Three manuscripts have been published in peer reviewed journals, with
additional manuscripts currently being drafted for submission. 
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