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I N S T I T U T E O F M E D I C I N E 

Shaping the Future for Health 

SAFE PASSAGE: 
ASTRONAUT CARE FOR EXPLORATION-MISSIONS 

pace travel is inherently risky. From the early days of orbital flight 
through the longer-duration missions first on the Russian space station 
MIR and now an the International Space Station (ISS), a number of healthS


hazards have been identified; the loss of bone calcium, radiation exposure, and 
difficulty in behavioral adaptation to confined living conditions are a few of 
the most serious. And as the National Aeronautics and Space Administration 
(NASA) prepares to face its next challenge—long-duration missions beyond 
Earth orbit—questions about the health risks associated with prolonged expo-
sure to the unique environment of deep space have gained importance. In re­
sponse to a request from NASA, the Institute of Medicine convened a com­
mittee to address the need and methods for getting answers to questions about 
astronaut health. The Committee on Creating a Vision for Space Medicine 
During Travel Beyond Earth Orbit was charged with making recommendations 
regarding the infrastructure for a health system in space, defining the principles 
that should guide such a system to provide an appropriate standard of care 
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Trajectory of a human mission to Mars in 2014. 

for astronauts, and identifying the nature of clinical and health 
services research that will be required before and during 
long-duration missions. 

To begin, we must identify what, exactly, is 
meant by ‘long-duration missions beyond Earth orbit’. 
The description refers to missions with humans on 
boardinto deep space, such as an interplanetary 
mission, which would require multiple years in 
space. A mission to Mars, for exa mple, 
would take three years. Shuttle missions, Mars Arrival, 

in comparison, generally last 1-2 weeks, June 30, 2014 

and an assignment to the ISS may last for 
several months. The physiological and psychological 
effects noted above are of greater concern to the ISS 
astronaut stationed for 3 months in orbit than to the 
shuttle astronaut who will spend 2 weeks in orbit. 
Therefore, it is reasonable to conclude that the 



…everything 
reasonable 
should be done 
to gain the nec­
essary informa­
tion before hu­
mans are sent 
on missions of 
space explora­
tion. 

health risks would be quantitatively increased, and perhaps qualitatively different 
as well, for a 3-year mission. 

The basic findings of the committee are these: (1) not enough is yet known 
about the risks to humans of long-duration missions, such as to Mars, or about 
what can effectively mitigate those risks to enable humans to travel and work 
safely in the environment of deep space and (2) everything reasonable should be 
done to gain the necessary information before humans are sent on missions of 
space exploration. 

Given these findings, how should NASA proceed toward designing a 
contemporary, practical, and portable astronaut health care diagnosis and delivery 
system? Such a system will rely on clinical research to determine what types of 
risks should be addressed in training, the ability of astronauts to provide day-to-
day health care for one another during a long-term mission, and the development 
of an infrastructure that can provide the necessary support. 

HEALTH RISKS AND CLINICAL RESEARCH 

Risks and Research 

The three most important health issues for long-duration missions have al­
ready been identified during short-term missions: radiation, loss of bone mineral 
density, and behavioral adaptation. The radiation risk of deep space, for example, 
is difficult to quantify. The character of radiation in space is quite different from 
that to which we are regularly exposed on Earth. In addition, unpredictable solar 
outbursts cause a spike in radiation levels. Currently, there is no practical way to 
protect astronauts from them. The potential effects of radiation are increased 
during acute exposure related to extravehicular activity (so-called space walks) 
and during the chronic exposure experienced by residents of the ISS. Longer-
duration missions will increase the risk at least arithmetically (if not exponen­
tially) due to increased length of chronic exposure time and the changing charac­
ter of radiation in the environment. Reducing radiation exposure by physical 
shielding represents an engineering challenge that should be met before assigning 

astronauts to long-term missions in deep space. 
The loss of bone mineral density, which can result in brittle 

bones and increased susceptibility to fractures, occurs at an average rate 
of 1 percent per month in microgravity. The loss is relatively manage-
able on the short-duration missions of the space shuttle, but it becomes 
problematic during extended residence on the ISS. The ISS, therefore, is 
perhaps the best setting for expanded research on this topic. If no medi­
cal remedy can be devised, an engineering countermeasure, such as arti­
ficial gravity, will be necessary. If no method is found to mitigate the 
loss of bone density, which could be as great as 50% or more if left un­
treated over a 3-year period, long-duration interplanetary missions will 
be impossible. 

Behavioral adaptation and human interactions aboard a confined 
spacecraft, isolated both temporally and spatially from Earth, may well 
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be one of the most serious challenges to human exploratory missions. The habita­

bility of the spacecraft, marginalized from the outset by the need to restrict

weight, will be further compromised by the need to carry all necessary equipment

and nourishment at least for the voyage to Mars (if supplies have been stockpiled

there), if not for the entire 3-year duration of the mission. Current designs are

plagued by high noise levels, less that optimal light, and diminished privacy. In

addition, an interplanetary mission would likely

be staffed by an international crew; differences in

social and cultural backgrounds and politics could

increase tension on board. To an already tense

environment, add several factors of isolation.

Real-time communication with Earth will be im­

possible; at the farthest distance from Earth, radio

and even more advanced messages will take 20

minutes to reach their destination. Likewise, a

timely return to Earth will be impossible during

an interplanetary flight; a return trip could take

months to plan and execute.


The success of the mission and the lives of 
the astronauts will depend on every member of 
the crew functioning appropriately, both physi­
cally and emotionally. Understanding the beha v­
ior of individuals in such environments and understanding the interactions of 
members of a team in prolonged isolation are necessary prerequisites to prevent­
ing disruptive behaviors and to dealing adequately with them should they occur. 

Data Collection and Analysis 

There is a profound professional and ethical responsibility to evaluate 
honestly the risk to human life that accompanies long-duration space travel. This 
risk should be evaluated in the context of the benefit of such exploration to hu­
mans but should be identified in terms of individual lives and explained in a way 
that can be plainly understood. Unfortunately, current data are not adequate for a The reality is,
risk assessment. however, that

Over the 40 years that humans have flown in space, several types of clini- the astronaut is
cal data have been collected: health-related data (personal medical data), supple- (in most cases)
mental data (mission-based data and responses to space travel), and integrated test the only indi­
regimen data (research data from studies with astronauts as participants). Health- vidual from
related data are considered private, while supplemental and integrated test regi- whom clinical
men data are available for analysis, although they are nonattributable. The reality information
is, however, that the astronaut is (in most cases) the only individual from whom relevant to
clinical information relevant to space travel can be collected. A tailored applica- space travel can
tion of occupational health principles, in which the safety and health of the group be collected.
are balanced with the rights of the individual, would therefore be a useful and ap­
propriate model for the collection and analysis of all astronaut clinical data. 
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The primary 
goal of NASA-
sponsored 
health care re-
search is to 
learn how to 
send and keep 
humans safely 
in space, then 
have them re-
turn to Earth in 
good health. 

The primary goal of NASA-sponsored health care research is to learn how 
to send and keep humans safely in space, then have them return to Earth in good 
health. This requires a comprehensive system that will enable the collection of all 
clinical information relevant to space travel. Combined with a strategic health 
care research plan that would enable the analysis of those data, such a system 
would foster data-driven decisions about health risks, prevention, and mitigation. 
Both the intramural and extramural research programs of NASA, especially the 
research conducted through the National Space Biomedical Research Institute, are 
mechanisms for addressing the two principal issues: the relative paucity of rele­
vant clinical data and the heretofore relatively closed clinical research environ­
ment that has characterized NASA. A far more basic understanding of funda­
mental processes is needed, however, and investigator-initiated research in broad 
areas is an appropriate strategy for the development of such an understanding. 

HEALTH CARE 

The known risks of space travel, such as those identified previously, are 
enough to indicate that regular monitoring of health status during an extended 
mission will be critical to its success. In addition to monitoring activities, how-
ever, several astronauts will need to be trained to provide diagnosis and treatment 
of a broad spectrum of health problems—it is not far-fetched to consider that the 
mission’s medical officer could become incapacitated. It is also critical to recog­
nize that not all of the risks that could be encountered during an interplanetary 
mission are known, and that the environment will be more extreme than anything 
modern planners, practitioners, and patients have yet encountered. A continuing 
review of all available data from missions in space and extreme, isolated Earth 
environments (e.g., Antarctica and extended submarine missions) will help deter-
mine what training should be provided, what resources should be made available, 
and what pharmaceuticals and equipment should be on-board to ensure the high­
est possible standard of clinical care during extended missions. The goals of the 
health care system should be to maximize the astronaut’s ability to function as a 
productive member of the crew while in deep space and to maintain or to restore 
normal function in the pre-mission and the post-mission phases of space travel. 

Knowledge of the pre-flight health status of individual astronauts—espe­
cially of the organs and systems likely to be most stressed by an extended mission 
in deep space—will also be critical. These data can contribute meaningfully to 
both the crew selection and in-flight monitoring processes. Again, the application 
of an occupational health model to relevant medical data is a policy shift that will 
result in better care and better health for astronauts on long-duration missions. 

INFRASTRUCTURE AND ORGANIZATION 

Engineering and Biology 

The technical aspects of space flight, such as the mechanics and function 
of the spacecraft, have always represented NASA’s greatest achievements. The 
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human aspect has often been less well appreciated, perhaps because short-
duration missions have statistically fewer human problems than mechanical ones. 
In response to technical risks, NASA has developed an elaborate system of 
‘countermeasures’—the engineering solution for each technical failure. But this 
‘one-problem, one-solution’ model is insufficient to address the range of human 
health responses to various risks. Instead, a model that relies on developing an 
understanding of the nature and causes of particular risks and the diversity of pos­
sible responses is needed. 

The theory and practice of engineering are converging with those of bio l­
ogy in new ways, and NASA could derive great benefit from facilitating that tran­
sition within NASA. Taking advantage of these developments, however, will re-
quire organizational integration within NASA and coordination with external re-
sources. Similar efforts of integration and coordination are recommended to fa­
cilitate the deve lopment of a comprehensive health care system for astronauts. 

Organization 

This comprehensive system must encompass both health care and an ef­
fective health care research strategy. Such a framework requires leadership in the 
form of accountability for and authority over all aspects of astronaut health, in­
cluding the funding needed to make all pertinent decisions with respect to the 
health of the astronaut corps. Such leadership could best be provided by a single 
organizational unit, either internal or external to NASA, charged with (1) deve l­
opment of the system along with standards for performance; (2) coordination of 
all related external and internal resources, including basic, translational, and clini­
cal biomedical and behavioral research; and (3) administration of the unit’s poli­
cies and procedures. The fragmentation of these system components works 
against the integration of astronaut health with other elements, such as spacecraft 
design and function, of an exploratory mission. 

CONCLUSION 

In a 1997 report, NASA characterized the human exploration of Mars as a 
goal that “currently lies at the ragged edge of achievability” (Hoffman and Kap­
lan, 1997). Human exploration of this scope requires optimum functioning of 
both spacecraft and astronauts—of both the engineering and the human compo­
nents. Failure of either could result in mission failure. Success, therefore, requires 
close integration of both throughout the design, planning, and implementation 
process. By developing and instituting a comprehensive health care system for 
astronauts, NASA can create a knowledge base for decision-making that will al­
low long-duration exploration of deep space to go forward. 

The theory and 
practice of en­
gineering are 
converging with 
those of biology 
in new ways, 
and NASA 
could derive 
great benefit 
from facilitating 
that transition 
within NASA. 
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 Summary of the Committee’s Recommendations 

Managing and Communicating Risks to Astronaut Health 

Recommendation 1. NASA should give increased priority to understanding, mitigating, and 
communicating to the public the health risks of long-duration missions beyond Earth orbit. 

Comprehensive Astronaut Health Care System 

Recommendation 2. NASA should develop a comprehensive health care system for astronauts 
for the purpose of collecting and analyzing data while providing the full continuum of health care 
to ensure astronaut health. 

Strategic Health Care Research Plan 

Recommendation 3. NASA should develop a strategic health care research plan designed to 
increase the knowledge base about the risks to astronaut health. 

Understanding Behavioral, Social and Cultural Issues and Challenges 

Recommendation 4. NASA should give priority to increasing the knowledge base of the effects 
of living conditions and behavioral interactions on the health and performance of astronauts on 
long-duration space mission. 

Astronaut Health and Safety Data Collection and Access 

Recommendation 5. NASA should develop and use an occupational health model for the col­
lection and analysis of astronaut health-related data, giving priority to the creation and mainte­
nance of a safe work environment. 

Integration of Engineering and Health Sciences 

Recommendation 6. NASA should accelerate integration of its engineering and health sciences 
cultures. 

Authority and Accountability for Astronaut Health 

Recommendation 7. NASA should establish an organizational component headed by an official 
who has authority over and accountability for all aspects of astronaut health, including appropri­
ate policy-making, operational, and budgetary authority. 
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For More Information… 

Copies of Safe Passage: Astronaut Care for Exploration-Missions are available 
for sale from the National Academy Press; call (800) 624-6242 or (202) 334-3313 
(in the Washington metropolitan area), or visit the NAP home page at 
www.nap.edu. 
This study was funded by the United States National Aeronautics and Space Ad-
ministration. 

The Institute of Medicine is a private, nonprofit organization that provides health 
policy advice under a congressional charter granted to the National Academy of 
Sciences. For more information about the Institute of Medicine, visit the IOM 
home page at www.iom.edu. 

Copyright ©2001 by the National Academy of Sciences. All rights reserved. 
Permission is granted to reproduce this document in its entirety, with no additions 
or alterations 
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