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Key Concepts: 

 Vision is the most relied on of the hu-
man senses, and one of the most critical 
tools used by astronauts in the perfor-
mance of mission duties.

 The absence of gravity in space affects 
human physiology in a number of ways.  
Deep space travel will also expose 
astronauts to high levels of radiation for 
extended periods of time.

 The needs of astronaut health can be 
met by effective, non-invasive miniatur-
ized systems for monitoring health via 
telemetry.

 The eye represents a useful site for non-
invasive access to the body.  It also con-
tains structures that are representative 
of nearly every tissue type in the body, 
enabling broad-spectrum monitoring of 
ocular and systemic health.

 A head-mounted apparatus equipped 
with several non-invasive optical diag-
nostic technologies, and technologies 
based upon skin contact and proximity 
to the brain, is under development at 
NASA.

This chapter addresses the following 

32.1  Introduction 

Interest in space travel and planetary explora-
tion is gaining momentum. On 13 October 2003, 
China successfully launched a man into space 
and it seems that Japan and India are not too far 
behind. On 4 October 2004, a non-governmental 
American civilian rocket (Space Ship One) en-
tered the edge of space (100 km above the Earth’s 
surface) for a short duration, winning the 10 mil-
lion USD Ansari X-Prize [1]. 

On a larger scale, on 14 January 2004, United 
States President George Bush announced that the 
National Aeronautics and Space Administration 
(NASA) would revive efforts to send a manned 
mission to the moon and mars. It should be 
noted that a round-trip mission to Mars will take 
approximately three years to complete. This in-
cludes from nine months to one year travel time 
from earth to mars, a one-year stay, and anoth-
er nine months to one year for return travel to 
earth. 

Maintaining good ocular health is essential 
to the completion of this mission. In spite of ad-
vanced automation in manned space exploration, 
vision is the most relied upon of all the human 
senses and one of the most critical tools used by 
astronauts in the performance of mission duties. 
For example, astronaut pilots land space shuttles 
with exacting precision nearly completely de-
pendent upon vision. 

32.2  Ocular Health and the Harsh   
 Environment of Space 

Both the moon and mars have extreme condi-
tions for human survival. For example, the moon 
has no atmosphere while mars’ atmosphere is 
highly rarefied (1/150th of earth), with a compo-

DISCLAIMER: The views and opinions ex-
pressed in this article are those of the authors 
and not those of NASA or the Government of 
the United States of America. 
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sition of about 95% carbon dioxide, 3% nitrogen, 
1.6% argon, 0.15% oxygen, and 0.03% water va-
por. The surface temperature on the moon can 
be as low as –240°C in the shade, with the aver-
age temperature on mars around –60°C. 

32.2.1  Environmental Factors

The amount of ultraviolet light on mars is about 
800 times greater than that on earth. The gravity 
on the moon is one sixth, and on mars it is one 
third that of the earth. 

Recently the martian rovers Spirit and Op-
portunity recorded dust storms on the martian 
surface with wind speeds in excess of 100 miles 
per hour. Fine dust particles have been found to 
irritate the eyes and lungs of astronauts on the 
lunar surface during the 1970s short walks [2]. 

32.2.2.  Gravity Concerns

In addition to these harsh environmental fac-
tors, the absence of gravity in space affects hu-
man physiology in a variety of ways. Immedi-
ately upon entering this environment, astronauts 
experience shifts in fluid distribution to upper 
parts of the body, and in the elimination of 
weight-bearing forces. This causes head conges-
tion, face puffiness, and leg shrinkage. The only 
reliable way to sense motion is via the eyes since 
the otoliths in the inner ear respond differently 
to fluid motion. This altered sensory input con-
fuses the brain, causing disorientation. Since 
weight-bearing forces are eliminated, the bones 
and muscles deteriorate and the kidney filtration 
rate increases, causing kidney stones. 

32.2.3  Radiation

Lastly, but perhaps most importantly, deep space 
travel will expose astronauts to high levels of ra-
diation for extended periods of time. As a result, 
long-duration space travel will likely prove to be 
rigorous for the human body. The long-term ef-
fects, which are hitherto unknown, may involve 
changes at the cellular and molecular levels due 
to all of the aforementioned conditions. Thus 

important systems such as the vestibular, cardio-
vascular, renal, musculo-skeletal, brain, and eye 
could be affected. Table 32.1 lists potential ocu-
lar risk factors. In two recent studies, relatively 
low doses of space radiation were found to cause 
an increased incidence and early appearance of 
cataracts in astronauts [3, 4]. 

32.2.4  Aging and Health

In the absence of effective countermeasures, the 
untoward effects of space travel could accelerate 
aging as well as introduce new pathologies. As-
suring astronaut health is thus a major priority 
in planning missions to the moon, mars, and 
beyond. Constraints in available room onboard 
vessels such as the International Space Station 
and deep space voyage crafts, as well as limita-
tions in the availability of in-flight medical ex-
pertise, add to the challenge of meeting health 
care needs during missions that will last years. 
These needs can, however, be met by effective, 
non-invasive miniaturized systems for monitor-
ing astronaut health via telemetry. 

32.3  Using the Eyes as a Window 
 to the Body 

The eye is a unique part of the body in that it 
is largely transparent and therefore represents 
a useful site for non-invasive access to the body 
using light that readily enters the eye. Since in-
cident light is scattered back out of the eye, this 
organ represents a location where analysis of the 
back-scattered light could provide useful infor-
mation regarding internal structures, fluids, and 
tissues. 

The eye is further unique in that this relatively 
small organ contains structures that are repre-
sentative of nearly every tissue type in the body. 
The cornea is a typical extracellular matrix com-
posed primarily of collagen. Aqueous is an ul-
trafiltrate of blood, containing most of the mol-
ecules found in serum at concentrations that are 
reflective of systemic levels. The lens is a highly 
organized array of crystalline proteins. Vitre-
ous is very similar in nature to joints. The retina 
and optic nerves are in fact part of the central 
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nervous system. Within these two structures are 
neurons and blood vessels that can be directly 
visualized, the only place in the body where this 
can be done. Thus, neurophysiology and circu-
latory (blood flow, oxygenation, etc.) physiology 
can be evaluated non-invasively at this point, as 
well as in the conjunctiva, in the case of blood 
vessels. Because of these unique features, the eye 
can be considered a microcosm of the body that 
enables broad-spectrum monitoring of systemic 
and ocular health. 

32.3.1  Head-Mounted, Goggle-Like  
 Teleophthalmology Apparatus 

A head-mounted apparatus equipped with sev-
eral powerful non-invasive optical diagnostic 
technologies, as well as technologies based upon 
contact with skin and proximity to the brain, is 
under development at NASA. The concept shown 
in Fig. 32.1 has been discussed earlier [5]. Table 
32.2 shows some of the capabilities that are being 
integrated into this apparatus to scan the various 
structures within the eye and skin. Other sensors 
mounted on the portion of the device in contact 
with periocular tissues will enable monitoring of 

body temperature, heart rate, electrolyte levels in 
sweat, and other health indices. One unique de-
sign feature is to integrate basic systems (lasers, 
detectors, correlator, spectrum analyzer) com-
mon to various technologies into a single unit 
that will subserve the technical requirements of 
all the different technologies. Due to space limi-
tations, these technologies will not be discussed 
in detail here, but are cited in the pertinent refer-
ences [9–15] in Table 32.2. 

In terms of telemetry, the data transmission 
capacity from the Moon and Mars for a human 
mission is still a topic of further discussion and 
development. At present, a high rate downlink 
goes through the ku band on the international 
space station via a single access antenna, and is 
limited to 50 Mb/s. It may be upgraded to 150 
Mb/s in the future. This data capacity is sufficient 
to download the ocular data from the apparatus 
back to Eearth for evaluation by physicians. 

32.3.2  Changes in Vision

Over one third of astronauts who have flown 
in space have reported changes in their vision. 
The nature of these changes and the underlying 

Table 32.1. Potential ocular risk factors in long-duration space flight and on the Moon and Mars

Condition Possible cause(s) In-Flight Moon Mars

Cataract 

Ocular hypertension 
and glaucoma 

Transient vision 
changes of unknown 
etiology 

Macular degeneration 

Keratoconjunctivitis 

Photopsia 

Choroidal engorgement 

Macular nutrition (de-
crease in caretonoids 
levels) 

Ocular ischemia 

Trauma or physical 
injury 

Radiation 

Reduced gravity 

Reduced gravity 

Radiation (free radicals) 

Air quality 
Fine dust 

Radiation (retinal light 
flashes) 

Reduced gravity 

Radiation and reduced 
gravity 

Reduced gravity 

Foreign objects hitting 
or imbedded in the eye 

Yes

Yes, particularly with 
borderline/pre-glaucoma 
astronauts 

Yes 

Possible 

Yes (depending upon 
proper functioning 
of air-filtration systems) 

Yes (but no known dangers 
on short-duration flights) 

Likely 

Possible

Possible 

Possible (bungee cord inju-
ry has occurred previously 
with serious consequence) 

Yes

Likely

Not known 
but likely 

Possible

Yes

Likely

Likely 

Possible

Possible

Possible

Yes

Likely

Not known 
but likely 

Possible 

Likely

Likely

Likely

Possible 

Possible 

Possible 

Fig. 32.1. Concept of a 
head-mounted goggles-like 
teleophthalmology apparatus 
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cause(s) are yet to be determined. To do so will 
require the use of advanced non-invasive tech-
nologies in preparation for the use of such tech-
nologies during long-duration flights in space. 

32.3.2.1  Proof-of-Concept Experiment

A proof-of-concept experiment, using a head-
mounted compact laser Doppler flowmeter, was 
recently conducted on-board NASA’s KC-135 
airplane. This wide-body airplane, dubbed the 
vomit comet or weightless wonder, creates con-
ditions of weightlessness or zero gravity during 
freefall lasting 25 to 30 s, and about twice the 
Earth’s gravity during the climb phase of the par-
abolic flight trajectory shown in Fig. 32.2. 

In this experiment, we measured choroidal 
blood flow in 25 volunteer human subjects. The 
experimental setup onboard KC-135 is shown in 
Fig. 32.3. The preliminary results can be found in 
previous papers [6, 7]; additionally, the detailed 
study is about to be published. The goal of this 
study was to evaluate choroidal blood flow in 
response to changing fluid levels in weightless 
conditions to help find the etiology of changes in 
vision of astronauts in orbital flight. 

32.3.2.2  Choroidal Blood Flow

Choroidal blood flow plays a major role in the 
regulation and supply of nutrients to the pho-
toreceptors and pigment epithelium since every 
20 min, 100% of the body’s blood volume flows 
through the eye, while 85% of that blood flow 
goes to the choroid and only 4% to the retina. 
We found that mean systemic blood pressure de-
creased by about 19% but choroidal blood flow 
increased by about 22% in zero gravity, com-
pared to earth’s gravity. Future studies will con-
firm if the blood flow and volume will stabilize 
and self regulate in long-duration missions. 

32.4  Conclusions 

The eye is a window to the body. Fully utilizing 
the opportunities provided by this fact prom-
ises insights into easily and accurately assessing 
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terrestrial teleophthalmology will also provide a 
powerful device for use in identifying diseases 
not adequately diagnosed and/or treated (e.g., 
diabetes in the US) in so-called advanced care 
settings. 

References 

 1. Rutan B (2005) Rocket for the rest of us. National 
Geographic 207(4):28–35

 2. Bell TE, Phillips T (2005) En route to Mars, the 
Moon; Why colonize the Moon before going to 
Mars? NASA scientists give their reasons. http://
science.nasa.gov/headlines/y2005/18mar_moon-
first.htm?list915919. Cited 4 Oct 2005 

 3. Cucinotta FA, et al. (2001) Space radiation and cata-
racts in astronauts. Radiat Res  156(5):460–466

 4. Rastegar et al. (2002) Radiation induced cataract in 
astronauts and cosmonauts. Graefes Arch Clin Exp 
Ophthalmol 240(7):545

 5. Ansari R, Singh B, Rovati L, Docchio F, Sebag J 
(2000) Monitoring astronaut health at the na-
noscale cellular level through the eye. In: Proceed-
ings of  Nanospace 2000, Houston, TX

 6. Ansari R, et al. (2003) Measurement of choroidal 
blood flow in zero gravity. Ophthalmic Technolo-
gies XII, In: Manns F, Soderberg PG, Ho A, (eds) 
Proc SPIE 4951:177–184

 7. Hatcher M (2003) Flowmeter tests eyes in zero grav-
ity; NASA scientists probe changes in astronauts’ 
vision with a laser Doppler flowmeter. http://optics.
org/articles/news/9/3/14/1. Cited 4 Oct 2005

Fig. 32.3. Laser-Doppler flowmetry measurements in the 
choroid on-board KC-135 

Fig. 32.2. NASA’s KC-135 zero-gravity airplane and the 
parabolic flight trajectory 
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create opportunities to detect a number of po-
tentially debilitating diseases before the onset of 
irreversible damage. 

We have presented the concept of an advanced 
instrument that integrates several non-invasive 
optical techniques that have been successfully 
demonstrated, or are currently under develop-
ment in clinical and/or laboratory settings. These 
techniques are readily interfaced with the com-
puter technology that by transmitting informa-
tion from remote sites makes celestial teleoph-
thalmology a reality. 
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