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The attached document “Human Health and Medical Direction for Space Exploration” provides policy direction for the consideration of crew health and medical issues in space exploration.  We expect that this document will serve as the health and medical guide for the subsequent development of vehicle design, operations, and research requirements to ensure that the human system is successfully incorporated into all space exploration planning.  Consideration of the principles specified in this document in the design of space exploration systems, and in the execution of space exploration missions, will maximize preservation of the health of the crew members involved, within mission constraints. 

This guidance will be codified as a NASA Policy Directive in the near future.  Until then, this document will serve as the official policy statement from the Office of the Chief Health and Medical Officer on these issues.  Please distribute as necessary to ensure that this direction is appropriately considered and implemented in the development of all space exploration systems and operations.  Should you have any questions, please contact Dr. David Liskowsky at 

202-359-1963 or by email, David.R.Liskowsky@nasa.gov.
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Human Health and Medical Direction for Space Exploration

This document provides direction for addressing health and medical issues in space beyond low Earth orbit in order to ensure that the human system is successfully incorporated into the planning of exploration systems.  Human exploration systems must meet NASA health and medical criteria.  A safe and healthy environment, compatible with the accepted aerospace medicine and occupational health standards (e.g., food, water, air, noise, light, ionizing and non-ionizing radiation, exercise, hygiene), is the first critical area that must be addressed for human survival, mission success, and the appropriate distribution of resources.  The next two areas are preventive medicine programs and then medical care.  This document provides direction for the six elements of crew health maintenance and medical care.  It is expected that this document will be the health and medical guide for subsequent development of vehicle design, operations, and research requirements.

The goal is to ensure that necessary procedures and protocols for astronauts during space missions, and ground training for personnel health maintenance and care (preflight, in flight, and post-flight) are developed, validated, and implemented.  These procedures will conform to established best medical expertise and practices as they apply to space missions.

For low Earth orbit, the current strategy of stabilization and evacuation in the event of illness and injury will be maintained.  Requirements for additional (advanced) inflight autonomous medical care is based on medical need and feasibility, but with highest priority given to ensuring crew and space craft survivability during launch and re-entry. 

This Health and Medical Policy provides guidance for NASA Headquarters elements, NASA field Centers, and NASA program offices to assist in addressing crew health and performance issues associated with planning for space missions beyond low Earth orbit.  To ensure the safety and health of flight crews, as well as successful mission completion, the following medical and behavior health care direction is provided, and shall be adhered to:
Environmental Health

Human space transportation systems shall be designed to provide a safe and healthy environment for crew members.  The design of human space transportation systems and habitats shall establish, update, and monitor space flight parameters in accord with standards for radiation, air, water, microbiology, toxicology, noise, acceleration, physical containment (soil from planetary surfaces) and habitability.  In order to accomplish this, a comprehensive environmental monitoring system for continuous assessment of environmental attributes, with the capability for near real-time and archival sampling, and a mechanism to alert crewmembers when measured values are outside acceptable limits shall be included.  There will be plans for crewmember protection, and treatment and module control, in the event the environment becomes contaminated.  

Environmental health systems designs shall address:

Crew exposure to radiation sources from within and external to the spacecraft regardless of the location of the crew (intra-vehicular activity, extra-vehicular activity, or planetary surfaces). 

Crew exposure to toxicological and microbial contamination of internal air, water, and habitat surfaces

Crew exposure to vibration and noise

Human habitability issues should be incorporated in designing space exploration missions and systems.  The following human factor design considerations shall be incorporated in spacecraft design and mission operations:

Adequate and ergonomically correct work and living volume

Adequate lighting to assure maximum performance

Adequate areas that allow for restful sleep, and personal physical space

Capacity for exterior views

Environmental controls for temperature, humidity, noise, and odors

Work schedules that are not excessively demanding, and that incorporate sufficient rest and recreation periods

Scheduling that allows for private time

Time and resources for personal hygiene

Nutritionally healthy and palatable varieties of food and beverage, with attention being given to individual crewmember preference and other human factor issues

Health Maintenance Criteria

The health status of crew members must be maintained in order to insure their ability to function and perform all assigned duties over the duration of their career as an astronaut.  This includes the ability to conduct planned and contingency activities during launch, spaceflight, de-orbit, entry, and landing on Earth or other planetary surfaces, and the ability to execute a contingency egress from spacecraft after all space missions.  Crewmembers shall have the ability to maintain health capabilities to allow performance of all required duties during the phases of a mission, including those involving transitions to altered gravitational conditions.  Such capabilities include maintaining orthostatic tolerance, sufficient neurosensory function, and physical fitness.  Post-mission, persistent lasting ill health effects from space flight in low-Earth orbit and exploration missions should be kept as low as reasonably achievable.  It is expected that life span and quality of life will not be compromised.

Crew Medical Evaluation, Monitoring, and Certification

Crewmembers for exploration missions shall be medically screened, evaluated, and certified using evidence based medical selection and retention.

Clinical evaluation and monitoring of astronaut health shall be conducted at regular intervals to determine medical status during ground based training and space flight.  While on space missions, crews will undergo regular, full evaluation of their physical and behavioral health status.  Adjustments to their health maintenance program will be made, as necessary, to maintain an acceptable health status during flight, planetary surface deployment, and re-integration to life on Earth.  Medical monitoring during unique or potentially hazardous activities, including EVA-and planetary surface exploration, is also required.  These evaluations, in conjunction with the physical health evaluations prior to each mission, will establish a baseline normative database against which post-flight recovery will be implemented and evaluated.

In cases where medical intervention is required, medical status will be monitored, outcome recorded, and effectiveness of the intervention assessed.

In order to assist in the medical evaluation and care of space crews, data to establish astronaut population health norms in the terrestrial environment will be collected.

Level of Medical Intervention and Care Criteria in Space Exploration Operations

Medical care to maintain the ability to perform assigned duties is required before, during, and after space flight.  The level of medical care for a given mission shall be established through a health risk identification, prioritization and management process that balances ethical constraints, knowledge and optimal medical care possibilities against mission and program constraints.  

Ultimately the level of medical care should maximize the chances for mission completion and minimize the impact of a crewmember’s illness or injury to any other crewmember.  Post-flight health rehabilitation shall also be provided to assist the astronaut for a return to functional baselines in the areas of physical fitness, and physiological and behavioral health.  The capability to successfully treat crewmembers for a wide range of illness, injury, or behavioral health problems, and return them to effective duty during the mission shall be developed and maintained.  

Medical care capability shall include the following:

Appropriate diagnostic and treatment systems which are commensurate with the level of medical care established for specific mission scenarios; appropriate medical hardware, procedures, and protocols to support cardiopulmonary and trauma life support shall be available within mission constraints. 

Crewmember treatment with respect to decompression sickness will be provided at a level comparable to Earth-based standards within mission constraints.

Emergency life support capabilities, cleanup, and decontamination systems will be provided for hazardous (chemical or bacteriologic) exposures. There will be plans for crewmember protection and treatment, and module control, in the event the environment becomes contaminated.

Palliative treatment and comfort measures will be provided for crew members in the event of irremediable injury or the development of fatal disease, within mission constraints.

Medical Management and Training

Provisions for emergency medical services in support of all phases of a mission shall be made available.  Adequate medical communications, consistent with the Privacy Act, shall be provided.  

Medical and behavioral health training shall be provided for crewmembers consistent with mission demands and limitations (e.g., communication delays).  This will consist of each crewmember receiving appropriate baseline medical training and certification, including proficiency training prior to flight, continuing medical education, imaging, telemedicine and training in flight.  To facilitate in-flight training and maintenance of skills appropriate portable trainers/simulators to perform routine procedures will be available to crews.

Depending on the size of the crew and mission constraints, human exploration missions shall include a physician who has additional training in space medicine, surgery, internal medicine, otolaryngology, critical care medicine, urology, behavior, psychiatry, gynecology, and gastroenterology. These physicians are specially trained to provide medical care on exploration mission.  An important aspect of exploration missions is that crew members may not be in continuous contact with the earth because of delays in communications over such long distances; therefore, the physician must be trained for independent duty without immediate support from the Flight Surgeons assigned to the mission.  Another member of the crew will be given special training in order to assist the physician and provide a level of backup. 

Preventive Medicine and Countermeasures

A program of preventive medicine, shall be established, and updated, based on research findings, lessons learned, current standards of medical practice, risk management data, and expert recommendations.  This program shall address all mission phases and target human physiologic and behavioral health factors, and required performance capabilities, at risk, as well as interventions, protocols or systems (i.e. countermeasures) to reduce that risk.  Pre-flight countermeasures should include crew selection, behavioral health training, physical fitness and exercise, physiological adaptive training, and health stabilization programs.  In-flight countermeasures should include those activities necessary to maintain physiological health, mental and behavioral health, nutritional health, physical fitness, and mission performance.   Post-flight countermeasures should include those activities necessary to assist the crewmembers in a return to preflight physical, physiological, and behavioral health baselines. 

In order to guide and focus this program, medical standards for the development of countermeasures, interventions, and procedures to ameliorate and prevent the deleterious health and performance affects of space flight will be established.  Standards will consist of fitness for duty criteria, and other criteria and limits as appropriate.  Where appropriate Permissible Exposure Limits that are consistent with physiological and behavioral health changes, which are environmentally adaptive, reversible, and without sequelae affecting quality of life and life expectancy will be determined.  The following medical standards shall be  established:

A Permissible Exposure Limit for bone atrophy related to altered gravity

A Permissible Exposure Limit for muscle mass and strength loss 

A Permissible Exposure Limit for space flight radiation exposure 

Fitness for duty criteria for cardiovascular fitness, that will allow crew members to perform all required duties during all phases of a mission, 

Fitness for duty criteria for neurosensory and motor functioning, that will allow crew members to perform all required duties during all phases of a mission

Individual and group, behavioral health criteria for crew selection, composition and performance
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