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INTRODUCTION



	For over thirty-five years the National Aeronautics and Space Administration (NASA), has carefully managed our initial sojourn into the "Final Frontier".  This arduous and precarious trek has presented mankind with its most formidable, and hostile scientific challenge.  In return, we have all benefited immensely from all of the new information, the many discoveries and technological achievements, and the incalculable value of the vast number of applications garnered from these efforts.



	Thus far, through this the initial stage of space exploration, man has adapted remarkably well to microgravity and the many other challenges encountered in the  extraterrestrial environment.  This early stage of manned space operations has necessarily consisted of relatively brief encounters by small numbers of the most healthy subjects.  They have been enclosed in small crafts, for relatively short periods of time, performing exhaustively rehearsed finite tasks.  These strict operational parameters have intentionally decreased the probability of inflight medical contingencies.  



	Yet NASA has from the beginning understood the importance of health and medical issues, and how they impact upon the mission.  Accordingly, exhaustive amounts of time, resources, and research have been expended towards understanding, preventing, and combating the medical sequelae of spaceflight.



	The realm of Space Medicine has evolved significantly since the early days of manned spaceflight when its sole purpose was that of protecting man in his initial exposures to space. Through extensive basic and applied research activities, clinical studies, and inflight investigations, NASA is attempting to predict, prevent, and if necessary, provide treatment regimens for the potential operational health hazards.  Considerable emphasis is also placed upon health maintenance of crew members, and to the development of countermeasures to prevent crew deconditioning, illness, and injury. The Life Sciences Division of NASA has evolved into a multi-disciplinary program which utilizes resources and researchers from all fifty states, and from around the world.  



�





HISTORY OF SPACE MEDICINE



	Thus far, space medicine has been defined and associated almost exclusively as a branch of aerospace medicine.  This is only natural because the beginnings of space medicine were tied closely to aerospace medicine and its' practitioners.  After World War II and the development of the V-2 rocket, aerospace medicine specialists began seriously considering the possible problems associated with spaceflight.  



	In 1948, Colonel Harry Armstrong of the Air Force School of Aviation Medicine, organized a meeting to discuss the "Aeromedical Problems of Space Travel".(70)  Then in 1949, a Department of Space Medicine was created at the School of Aviation Medicine at Randolph AFB.  Dr. Hubertus Strughold was selected as the director of the new department.(19)  Dr. Strughold had come to the U.S. after World War II.  He had taught in a number of universities in Germany, and was a colleague of Dr. Wernher Von Braun.  Dr. Strughold is credited with predicting many of the medical problems to be encountered in microgravity, and he has received international recognition as the "Father" of space medicine.(28)



	By 1950, the U.S. had already launched a few primates into space on board V-2 rockets.  None of the first primate space travelers survived these tests, due to operational failures including the parachutes.  However, these launches provided useful information regarding the hazards of spaceflight and served to increase interest in the scientific community in the possibilities of manned spaceflight.(5)



	In the same year a number of aerospace medicine physicians petitioned the Aeromedical Association to form a Space Medicine Branch in order to exchange information and discuss research topics.  In 1951 the petition was granted and the Space Medicine Branch came into being.(46)



	Many projects related to space medicine were begun in the early 1950s by the Air Force and Navy Schools of Aviation Medicine, including studies related to life support, acceleration and deceleration tolerances, and reaction to confinement.  The majority of these researchers were flight surgeons who had been trained in aviation medicine programs.  The military programs as well as their civilian counterparts at Harvard, Johns Hopkins and Ohio State University, changed their curriculums and names to reflect the new orientation to "Aerospace" Medicine.



	By 1958, Sputnik had orbited and the space race between the U.S.S.R. and the U.S. had begun.  The National Research Council Committee on Bioastronautics had identified a number of potential medical hazards associated with "weightlessness" and spaceflight.  The thirty projected medical problems included anorexia, nausea, inability to swallow food, disorientation, weight loss and hallucinations.  Many of these problems have been actually encountered, while others were disproved.  



	Later in 1958, a working group was formed to study human factors and nonmilitary biomedical requirements for spaceflight, as well as other biological factors that should be part of a national space program.(32)  Shortly after its creation in 1958, NASA selected a number of Air Force Flight Surgeons to help participate in the selection and medical testing of the first astronauts.(5)



	The newly formed NASA at first had three flight surgeons assigned to its Space Task Group.  Dr. Stan White and Dr. Bill Douglas both of the Air Force, and Dr. Charles Berry a civilian (former Air Force).  These three were the first NASA flight surgeons and they served as the original seven astronauts' physicians.(27)  They were joined in 1960, by a total of 28 other aeromedical physicians who were selected as medical monitors for the Mercury Project.

 

	The rather frantic pace of space related activities during the late 1950s, and early 1960s left very little time for strict adherence to standard scientific methods of research and data acquisition.  Instead the development of operational space medicine was based on lessons learned from occupational and aviation medicine experience.  Insight into the physiologic and medical problems of spaceflight as well as issues of life support, crew safety, and crew health, were necessarily generated more from mission results than from bench research conducted in ground-based laboratories.      



	In preparation for the Mercury flights these early space medicine practitioners developed the core of knowledge, methods, procedures, and biomedical equipment which would define this early period of the specialty.  Their early efforts were directed at primarily preventive measures, but they established the core of procedures and programs which still stand today as the foundations for the "practice" of space medicine.



	The early concerns related to space medicine where primarily of an operational nature.  Table 25-1 presents a summary of many of the early operational concerns which formed the nucleus of early space medicine efforts.  Foremost among these problems was establishing the medical selection criteria for astronauts.  These medical criteria were particularly critical as astronauts would be primary datapoints to establish human responses during spaceflight. In the end, most of the criteria was taken directly from those used in military aviation. 



	The greatest problems were in the design of fail-safe life support and monitoring systems.  Engineers, biomedical scientists, and physicians were required to provide a reliable system which would afford protection from the environmental extremes of space, insure proper atmospheric content and pressure, include the provision of food and water, and monitor and remove all potential metabolic or toxicologic by-products.  All of these systems also had to conform to the severe size, weight, and power constraints inherent in the launch vehicle. 



	Much like the U.S. manned spaceflight program itself, advances in our space medicine knowledge and practice have gone through an incremental progression, which proceeds from lessons learned in successive launches.  Although there are relatively vast numbers of laboratory and microgravity simulations analogues in use today throughout the world, and researchers from nearly all medical specialties are participating in space medicine studies, much of the procedures and protocols in use in the operational setting are still garnered from inflight experiences.  



	Ironically, despite all of the medical advances, technological equipment, space medicine diversification and specialization, practitioners in this specialty are still mainly concerned with the operational concerns first elucidated by the early aerospace medicine flight surgeons.   

 



Table 25-1. Space Medicine Operational Concerns

*****************************************************************************



1. Selection and retention of the astronaut:

a. Establishing the medical standards for the selection and  retention of astronauts.

         

2. Support to the astronaut:

a. Identifying and studying the physiological stresses of  spaceflight through ground-based and in-flight experiments.

b. Developing a biomedical knowledge and database capable of  predicting and appraising man's ability to function in space during progressively longer duration missions.   

c. Providing medical supervision, biomedical indoctrination, and familiarization to the astronaut training programs.

d. Implementing medical protocols for support of launch, landing, rescue, and contingency operations of manned space missions.

e. Providing for any necessary pre, post, and inflight medical care for crew members.

f. Evaluating the medical results of human space missions.



3. Life support systems of the spacecraft:

a. Providing reliable biomedical inputs for the design of  the spacecraft and all life support systems. 

b. Developing means for protection of the terrestrial environment from back contamination of extraterrestrial origin.



******************************************************************************           





Space Medicine in the U.S. Manned Space Program

	NASA, and the entire United States Manned Spaceflight Program have gone through gradual stages of development. Each successive manned program extended the previous experiences by investigating new parameters and testing required procedures.  There were short-duration flights before longer ones, single person crews before multiple crew members, and various other instances of incremental application of experience and knowledge previously gained.



	The formal approval of Project Mercury by NASA was on October 7, 1958, with its' mission "to send a man into orbit, investigate his capabilities and reactions in space, and return him safely to Earth...".(32)  NASA accomplished this goal with great success.  It took less than three years for the U.S. to launch its' first astronaut into space.  Project Mercury did indeed prove the ability of humans to survive in space for at least short durations.  The program lasted from May, 1961 to May, 1963, and consisted of two suborbital flights, followed by four orbital missions.   The last mission lasted thirty-four hours and accomplished twenty-two Earth orbits.   



	The six Mercury astronauts had returned intact and in satisfactory condition.  NASA had provided the astronauts with an environment in which they could survive and perform effectively, and then had recovered them safely.  These early flights were just as valuable for dispelling many of the projected medical concerns as they were for verifying a few of the others.  Weight loss caused primarily from dehydration did occur.  On the final mission, orthostatic intolerance, dizziness as well as hemoconcentration were documented.



	Encouraged by the successes of Project Mercury, the acknowledged goal set forth by President John F. Kennedy in 1961 was to land a human being on the Moon before the decade was over.  NASA, driven by the rush to put a human being on the Moon, began Project Gemini with increased objectives and capability. 



	These missions built upon the experience gained from Project Mercury and developed long duration, docking, control and extra-vehicular activity procedures.  The ten two-man Gemini missions (Gemini-3 through Gemini-12), from March 1965 to November 1966, led to the medical conclusion that humans could survive, live, and work in space for at least fourteen days.  This was as long as would be required for a lunar mission.  Significant medical findings from the Gemini missions included loss of red cell mass (5-20% from baseline); continued universal post-flight orthostatic intolerance; loss of bone density in the os calcis (up to 7% from baseline); sustained loss of bone calcium and muscle nitrogen; and higher then expected metabolic rates and fatigue during spacewalks, or extravehicular activity (EVA).(46)  Gemini answered some medical questions and left others unresolved.   

 

	Next came the eleven three-man Apollo missions (7-17), of the Apollo Lunar Landing Program that were launched between October 1968 and December 1972.  They followed the singular goal of landing a human on the Moon and returning him safely to Earth.  This was accomplished less than a year after the first manned flight test of the Apollo vehicle.  Six of these missions put a total of twelve people on the Moon by 1972.

      

Neurovestibular disturbances and Space Motion Sickness were among the many medical observations from the Apollo Program.  Other significant findings of Apollo included sub-clinical problems like arrhythmias and decreased nutritional balance, as well as clinically significant problems, such as URIs, rashes, dehydration, UTIs, and continued postflight orthostasis.(21)



	The Skylab Project, which followed the Apollo program, was used to learn more about human responses to the space environment.  Three Skylab missions were accomplished from 1973 to 1974, and the longest of these was for 84 days.  They contributed a vast amount of information on human beings in space.  The Skylab data sets were particularly useful in differentiating self-limiting physiological changes from those that continue throughout exposure to weightlessness.  It was postulated at that time, that the cardiovascular, pulmonary, neurosensory, fluid and electrolyte, immune and hematological changes all stabilized at some point, where as the musculoskeletal changes exhibited progressive deterioration.(49)



	Unfortunately, much of the space medicine data which we have today relies heavily on the Skylab information garnered back in 1975.  Many of the same conditions in Apollo were confirmed from the Skylab series.  

      

	The Space Transportation System (STS), or Shuttle, is the next step in our space program.  This system utilizes a reusable orbiter that lands on a runway rather than splashing down at sea..  It is a near-Earth investigational platform that can be utilized by many different organizations, civilian as well as military, for multiple purposes including the launching of satellites.

      

	Also with the introduction of the STS program, separate crew positions and duties dictated the necessity for developing separate medical standards.  These separate NASA positions were defined as Pilot/Astronaut (the pilot/commander crew member); Mission Specialist (a versatile crew member trained to manage the systems of the Shuttle and participate in all of the various payloads experiments and projects); and the Payload Specialist (a scientist temporarily assigned to handle a specific experimental payload on a single flight, not a career astronaut).(41)





	Although mission specialists must adhere to most of the same medical standards as the pilot astronauts, the payload specialists are held to less rigorous standards.  This enabled regular citizens to fly into space for the first time.  It also serves to increase the possibility of a medical contingency occurring in space.





	The USAF's involvement and commitment to the United States Spaceflight Program grew with the formation of the US Space Command in 1982. To support these military space programs, a second space Shuttle launch complex was built at Vandenberg AFB, California, for launching vehicles into polar orbits. To complement this, a new control facility, dedicated for DOD missions or for mixed payload missions with the presence of military members, was built at Colorado Springs, Colorado.  The Air Force also created a position, the Mission Spaceflight Engineer, that was similar to a mission specialist but was to be utilized for management of dedicated Department of Defense (DOD) payloads. 



	The first launch was planned for 1985, but because of changes and delays and then the Challenger disaster, planning for STS launches from Vandenberg AFB has been put on indefinite hold and the facility at Vandenberg mothballed. Likewise, the USAF crew position of Mission Spaceflight Engineer has also been placed on indefinite hold.  

  



	The Shuttle era has revolutionized space exploration and utilization.  There have been over 60 flights over the past 14 years.  Hundreds of men and women have flown in space, performing all types of missions.  Satellites have been released, repaired, and returned.  There have been two missions dedicated solely to life sciences research, and nearly every mission contains life science experiments.  Much new information has been accumulated and many new innovations have been utilized to help curb some of the medical maladies associated with spaceflight.  Yet, many of the same biomedical problems which plagued the early programs remained unresolved today.   



Space Medicine Today

	Space medicine today is a very diverse field.  There are many different schools of thought as to its' proper place in the medical world.  It is complicated by the fact there are numerous researchers, scientists, and physicians from very different specialties who are doing space medicine related activities.  To date, the vast majority of research in space medicine is concerned with the many physiologic changes which the human body experiences when exposed to microgravity.  The clinical practice of space medicine has been comparatively limited, and with a few notable exceptions, has been the domain and practice of the aerospace medicine specialist.  The primary operational focus still remains on prevention of medical problems, and insuring crew health and well being. 



	At NASA, all space medicine related research falls under the jurisdiction of the Life Sciences Division.  NASA has many other programs in the biological sciences that are important to and related to space medicine, but do not directly involve clinical or medical investigations.  These programs include the Space Biology, Biospheric Research, Exobiology, CELSS, and Gravitational Biology programs. All these programs are involved with research activities which are integral parts of NASA's Life Sciences Division.   



	Today's overall approach to space medicine can be summarized in Figure 25-1.  The space medicine core components take into account both operational and research interests, and cover all areas of space medicine related work.  These space medicine components include Space Medical Operations, Space Hygiene, Space Physiology, and Clinical Space Medicine.  Although there are still many different facets of space medicine practice and research, and many areas of overlap, all of the work being done now can fit under one of these four broad categories.







SPACE MEDICAL OPERATIONS



	This area of space medicine is primarily concerned with keeping the astronauts healthy enough to perform their specific missions.  The preventive medicine aspect is stressed, and as such this area is very similar to the practice of aerospace medicine.  NASA flight surgeons, other NASA Medical Operations support staff as well as DOD flight surgeons and civilian contractors all support this aspect of space medicine.



	Medical screening and testing is still a large part of the astronaut selection process.  After selection, astronauts are monitored through yearly physical exams, health risk appraisals and during any episodic illness.  The Flight Medicine Clinic at Johnson Space Center (JSC), conducts and coordinates all of the terrestrial medical care for the astronauts and their dependents.  This office has also undertaken a longitudinal study of astronaut health, which tracks the medical status of all current and former astronauts.(52)

�******************************************************************************
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Figure 25-1.  The Space Medicine Core Components

�	Once a crew of astronauts are assigned to a specific mission, the medical support for this flight becomes more involved.  Two flight surgeons from JSC (the Crew and Deputy Crew Surgeon), are assigned to support each Shuttle mission approximately 10 months prior to the projected lift-off date.  These two flight surgeons are responsible for the health and medical monitoring and training of the crew.  



	Two astronauts from each crew are selected as the Crew Medical Officers (CMOs).  Occasionally the CMOs are physicians, yet most of the time they are not.  The JSC flight surgeon team provides 20 hours of general medical training to all crew members.  This training covers the medical capabilities of the Shuttle Orbiter Medical System (SOMS), and is given a number of times prior to launch.  The CMOs receive advanced training in medical diagnostics, therapeutics and procedures.  They are then expected to be the medical providers during the actual mission. 



	As the flight approaches, several preflight examinations are conducted.  Eventually the astronauts and crew surgeons are transported to Kennedy Space Center (KSC), and placed in the Health Stabilization Program (HSP).  This is a semi-quarantine or limited access program to help protect them from contracting last minute common medical maladies.  



	During launch, inflight, and landing activities, the flight surgeons are manning consoles at JSC Mission Control or at the KSC Launch Control Center (LCC).  They serve as an integral part of the Flight Control Team.  Through continuous monitoring of both voice and video communications, the use of private medical conferences, and with the aid of down-linked real-time environmental and physiologic data, the flight surgeons can serve as a remote medical consultation service.  The CMOs coordinate all medical care for inflight contingencies.  



	After landing , the flight surgeons board the shuttle and assess each crew member.  Later, serial medical exams and laboratory studies are conducted as part of the ongoing studies in space physiology and mission specific medical tests.



	Astronauts much like military fliers, are often reluctant patients, because the flight surgeon is viewed as a potential threat to their flying status.  Therefore, an equally important concern of Medical Operations is to gain the trust and confidence of the astronauts.  As such the NASA flight surgeon must constantly educate the astronauts that their primary goal continues to be that of keeping the crew member healthy enough to insure flying safety.(35)









SPACE HYGIENE



	Much like its terrestrial counterpart, Space Hygiene can be defined as the science and art devoted to the anticipation, recognition, evaluation, and control of those medical and environmental factors or stressors, encountered in the extraterrestrial workplace, which may cause illness, impaired health, or significant discomfort and inefficiency among humans working in space.  It also includes the development of both preventive and corrective equipment, procedures, and measures which minimize health hazards, and provides ongoing monitoring and environmental analysis, evaluation and control.  Table 25-2 lists many of the Space Hygiene considerations which must monitored, both on orbit and  during egress activities.





Table 25-2.  Space Hygiene Considerations

******************************************************************************



Life Support Systems



Extravehicular Activity



Radiation



Toxicology



Human Factors Issues



Countermeasures Program



Occupational Health



******************************************************************************



	The space hygiene domain defined herein, enlists a vast array of disciplines within the NASA organizational tree.  It is primarily concerned with life-support, environmental monitoring, waste management, food, water, and hygiene systems, toxicology and decontamination, sound and vibrational control, extravehicular activity (EVA) systems, and radiation protection.  The important countermeasures program, which seeks ways to reverse the changes associated with the space physiologic adaptations, is also included under Space Hygiene.  Occupational medicine should also be included within the domain of space hygiene, although many of its areas of concern are shared with NASA's Operational Medicine Program.



Life Support Systems and EVA

	The success of future extended duration space missions will require a thorough understanding of how to establish conditions that not only provide safety, but also enhance the human capabilities for living and working in space for prolonged periods of isolation and confinement.  The ability to maintain nominal human capabilities on board a spacecraft requires the provision of an adequate self-contained, strictly monitored and controlled environment.  Variables which people on Earth usually take for granted such as atmospheric pressure and gas composition, temperature, humidity, and water quantity and quality, must all be provided and controlled.    



	Equally important to crew health and well-being in the extraterrestrial environment, are fire detection and suppression, and the usually mundane issues concerning eating, drinking, personal hygiene, and waste management.  



	Atmospheric pressure is negligible at a typical orbital height of 300 kilometers (186 miles).  In order to provide a livable atmosphere for its inhabitants, all spacecrafts are sealed at launch.  Oxygen is added to the system to replenish consumption, and carbon dioxide is extracted.  Because of the increased weight of a two gas life support system, early spacecraft utilized 100% oxygen environments.  



	The Space Shuttle is the first U.S. spacecraft to maintain an earth-like atmosphere;  14.7 psi, 20% oxygen, 80% nitrogen.  Carbon dioxide is removed via lithium hydroxide cartridges, and humidity and temperature are also strictly regulated by the shuttle environmental control system.  



	Early spacecraft had very primitive waste collection systems.  The Shuttle has a modern system with separate assemblies for urine (both cup and tube urinal), and solid waste (commode), which is designed specifically for both sexes for use in microgravity as well as one (normal earth) gravity. 



	During EVAs, such as shown in Figure 25-2, astronauts wear space suits that provide a mini portable life support system.  For maximal flexibility of the space suit, a reduction in pressure to 4.3 psi is required.  To prevent decompression sickness, shuttle astronauts first lower the cabin pressure to 10.2 psi at least 12 hours prior to EVA, in order to lower the percentage of tissue nitrogen.  This is followed by a 40 minute period of breathing 100% oxygen in the space suit at 10.2 psi, then decompression in the airlock to a suit pressure of 4.3 psi.(71)



	The U.S. space program to date has used an "open loop" systems design, with no reuse of waste products.  Waste products are stored for return to Earth or vented overboard from the spacecraft. The Soviets have made efforts at partially closed loop water system for their Mir space station, but, creation of a totally closed loop life support system based on regeneration of waste products is currently not available.



Radiation Protection

	Perhaps the most worrisome of all of the dangers associated with extended duration spaceflight are radiation hazards.  Indeed, space radiation has been described as "the primary source of hazard for orbital and interplanetary spaceflight".(54)  Despite an extensive amount of data collection and on-going research efforts over the past 30 years, little is known about the degree, consequences, and potential amelioration of possible damage to living organisms by space radiation.  Results from numerous space probes present a picture of heightened radiation levels, changing intensity of radiation, and the presence of "radiation storms" occurring as solar activity waxes and wanes.



	Cosmic rays and charged particles originating from outer space continually strike the Earth's atmosphere.  Most of these cosmic particles are trapped by the Van Allen radiation belt, which is formed by Earth's magnetic field, and acts as a shield against the radiation emitted from large solar particle events (SPE's).  Persons leaving the protection of the earth's atmosphere increase their radiation exposure from the average background level (125 mrems/yr).  



�
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Figure 25-2.  STS-61 Astronauts during record breaking EVA



******************************************************************************





	A given radiation exposure is dependent upon the trajectory and duration of stay in the extraterrestrial environment, as well as the amount of total shielding present.  Due to complex spatial-temporal variations in space radiation, as well as the nonuniform distribution of spacecraft contents, and composition which all yield varying amounts of protective properties, it is very difficult to accurately quantitate, and measure, let alone predict exact radiation exposure values.  Despite these limitations, the accumulated data and experience involving space radiation, as well as knowledge of radiation hazards gathered on Earth, provides means to evaluate some of the dangers to be encountered in space.

�	The first problem in determining the radiation hazards to humans in space is defining the environment.  The space radiation environment is divided into several different categories,  Low Earth Orbit (LEO), Geosynchronous orbit (GEO), polar orbit, and interplanetary space. There are numerous types of ionizing radiation present in space, including X-rays, gamma rays, electrons, neutrons, protons, Alpha particles, and the heavy primaries.  These radiation sources come from the radiation belts, cosmic rays, and solar nuclear emission.  Table 25-3 summarizes the sources of radiation from the various space environments.



	Because of the protective effect of Earth's magnetic field and the low-altitude, low-inclination orbits utilized thus far by both U.S. and Soviet space programs, excessive radiation exposures have not been a problem. 





Table 25-3.  Sources of Radiation in Space

******************************************************************************

Type				Description				      	Location__________

Trapped			Low LET1					3-12 E(r)2

Electrons			Large temporal variations			GEO3

				Not very penetrating

				Low dose rate



Trapped 			Ranges from low to high LET			LEO4

Protons			Penetrating

				Low dose rates



Solar 				Mostly protons				Outside Earths’s

Particle			Lesser amounts of heavier ions		  magnetic field

Events				  Occurs sporadically				Polar orbit

				  Occasional events of extremely		GEO

				  high intensity					Moon

										Interplanetary space



Galactic 			Protons, He, heavier ions			Outside Earth’s

Cosmic			  (especially Fe)				  magnetic field

Rays				  Very penetrating, high LET			Polar orbit

				  Low dose rate, isotropic			GEO

										Moon

										Interplanetary space

1LET linear energy transfer - a measure of the amount of energy deposited as radiation interacts

  with matter; for a given radiation dose, biological effects are strongly dependent on the LET

  of the radiation

2E(r)	Earth radius, equals 6000km

3GEO	Geosynchronous Earth Orbit,  35,880km

4LEO	Low Earth Orbit,  450km

******************************************************************************

�	To date, the highest recorded radiation exposure to a U.S. astronaut is 7.8 rem, on the 84 day Skylab 4 mission.  In 1989 the National Council on Radiation Protection and Measurements (NCRP) completed guidelines on human exposure to space radiation.  The guidelines include exposure limits for eyes, skin and blood-forming organs, and also specify one time, and total career limits.(44)





	Exposure of humans to ionizing radiation in the range of 100-300 rems results in acute radiation sickness, while a whole body dose of 400-500 rem would likely be fatal to about half of exposed personnel in 30 days (LD50). The effects of radiation on humans are usually grouped into two categories: acute and long-term.  Acute effects of radiation on sensitive tissues and organ systems can occur at much lower doses, are most pronounced in lymphocytes, GI tract, and sperm cells, and can include "radiation sickness" and death.  Long-term effects include teratogenesis, cataracts, and carcinogenesis.  



	NASA, in the past, has tried to limit crew exposure to 25 rem per mission (whole body), 75 rem per year, and 400 rem total career.  However, on long duration spaceflights, with significant exposure to the Van Allen radiation belts, interplanetary space, and SPE's, doses in the 100 rem range and over are likely, and have prompted NASA officials to write "the possibility exists of the mission crew being exposed to debilitating or lethal doses of radiation" ... "the potentially disastrous consequences to both crew and the mission, establish SPE's as the most pressing challenge for the humans in space program."(18)



	SPE's are routinely monitored and studied.  For nearly two decades the August 1972 SPE has ranked as the largest and most hazardous solar flare ever observed.  According to a recent report this and other severe SPE's could be life threatening to humans if adequate shielding is not provided. Taking into account the current upper torso shielding protection afforded the STS astronauts while in their suit assembly, the estimated average dose equivalents of radiation for the August 1972 SPE, was close to the career limit and would have been clinically significant.(68)



	Because charged particles may be extremely penetrating, complete protection is impossible based on current technology.  Shielding crews from ionizing radiation on extended duration missions is obviously a matter of great significance.  Shielding reduces the amount and also changes the nature of radiation received to the shielded area/individual.  Extensive studies are in progress to determine the best shielding materials and processes.  



	 It is known that exposure to microgravity may decrease the capacity of cells to repair radiation damage.  In addition to shielding, pharmacologic means need to be further investigated for their ability to protect against radiation damage to cells and to increase their repair capability. 



	Before humans embark upon long duration space missions, radiation physicists and radiobiologists must learn more about the biological effects of space radiation at the cellular level, improve risk assessment, and develop safe radiation protection designs and procedures.   Yet it still seems certain that some form of safe haven will be required to guard against the effects of a large solar flare.

�Toxicology

	A major concern on all the spaceflights continues to be the potential presence of contaminants in the atmosphere of the cabin. Toxic substances in spaceflight can come from a number of different sources including: leaks or spills from storage containers;  volatile metabolic waste products of the crew; particulate pollutants which are not easily removed from the air under weightless conditions; components of spilled food;  leaks from environmental or flight control systems;  thermodegradation of Orbiter materials and products produced by small electrical fires or contaminated removal systems; and finally, outgassing of cabin construction materials.  The route of absorption and exposure can be from inhalation, ingestion, or direct contact.

      

	The toxicological support provided for the Shuttle Program largely resulted from the experiences gained during the Apollo Program, after the tragic fire on board the Apollo 204 spacecraft which claimed the lives of three astronauts.  Major emphasis is placed on the selection of the nonmetallic materials used in manufacturing of the spacecraft.  The material selection program includes a thorough screening of candidate materials for flammability, applicability, and for the evaluation of the contaminant compounds which are outgassed into the crew cabin environment.  



	All of the interior nonmetallic materials are known to outgas contaminants into the crew compartment. Some specific sources are electrical insulation, paints, lubricants, adhesives, and degradation of nonmetallic console and equipment structures. Approximately 400 compounds have been identified in the atmosphere of the Shuttle cabin. Many of these compounds can be found in normal air but when they become part of the confined atmosphere of the spacecraft, they can  concentrate to toxic levels over time.(15)



	Most of the materials selected for use in the Orbiter were chosen on the basis of their ability to resist combustion at elevated temperatures.  This criterion generally resulted in the selection of many materials which are composed of mainly halogenated or nitrogenated hydrocarbons.  These materials in most cases, however, increased combustion toxicity.(59)   



	To reduce these trace contaminants to acceptable levels, the Environmental Control and Life Support System (ECLSS) was designed for the Shuttle. The ECLSS uses an activated charcoal filtration system to maintain the atmosphere.  This system while largely reliable does not provide absolute protection for the crew.  Certain aspects of the mission such as duration, flight specific contents, substances, and procedures influence the probability and severity of toxicological events.



	It is a fact that several toxicological incidents have occurred in the past and during Shuttle operations.  Eye irritation from lithium hydroxide canisters, as well as nausea, and headaches from outgassed ammonia and formaldehyde have occurred.(15)  



	A wide variety of chemicals are also stored in other areas of the Shuttle.  Some of these chemicals are stored in large quantities.  Although the crew compartments of the Shuttle are usually sealed off from these sources, there are several feasible ways in which these contaminants may gain access to the crew cabin.  Figure 25-3 shows the types of potential toxins and the areas in which they are stored on the Orbiter.  As mission duration increases, the build up of potentially high levels of both physical and biological contaminants will become even more important.  Several studies are currently underway, assessing the impact of microbiological sources of crew cabin contamination.  Routine water and air sampling for microbes is now conducted. 





Figure 25-3.  Location of hazardous materials on the Shuttle

******************************************************************************



�



******************************************************************************



 

	NASA has developed new equipment and procedures for the crew to follow in case a serious toxicological event occurs on orbit.  There are fire, smoke and toxic spill procedures.  A Quick Don Mask is included for each crew member, and they are trained in its operation.  All Shuttle flights since 1990 have flown with a Combustion Products Analyzer (CPA).  The compounds which this detector identifies include hydrogen chloride, hydrogen cyanide, hydrogen fluoride, and carbon monoxide.  A Contaminant Cleanup Kit is also included for toxic spills.

�Human Factors Issues

	Human factors issues are those which involve crew interface with the various space hardware and software systems.  In the past few years there has been an increasing awareness of the value of human factors in the design of the work and living environments.  Specific human factors concerns include those of habitat design, human-machine interfaces, lighting and ventilation, psychological and psychosocial considerations such as crew selection, small group dynamics, optimal crew size and composition, and the provision of adequate personal space and recreation facilities.(40)







SPACE PHYSIOLOGY



	When terrestrial organisms including humans, are exposed to the extraterrestrial environment, a number of physiological adaptations occur.(47)   The majority of these changes are believed to develop due to the microgravity encountered in space.  Microgravity alters numerous physiologic processes, which leads to subsequent organ system adaptations.  Microgravity Induced Pathophysiology (MIP) is now well documented (Table 25-4).



	One of the first changes is seen in the cardiovascular system. When exposed to prolonged microgravity, there is a cephalad redistribution of vascular fluid.(66)  This 1-2 liter fluid shift from the legs to the upper body causes venous distention and facial edema, and is evident within the first few hours on orbit.  Total Body Water measurements performed on astronauts aboard the





Table 25-4. Microgravity Induced Pathophysiology (MIP)

******************************************************************************Body Fluid Redistribution



Decreased Total Body Water and Decreased Plasma Volume



Cardiac Deconditioning



Neurovestibular Disturbances



Red Blood Cell Changes



Immune System Changes



Serum and Urine Electrolyte Derangements



Skeletal Muscle Atrophy



Bone Demineralization

******************************************************************************

�space shuttle showed a 3-4% decrease after 1-3 days of exposure to microgravity.  The first actual in flight measurements verified that there can also be a large decrease in plasma volume when compared to preflight levels.  On the Space Life Sciences 1 mission (SLS-1) there was a 23% decrease in plasma volume on day 2 of the mission, and a 14% decrease on day 8.  Direct inflight measurements revealed that central venous pressure (CVP)  was decreased in space.(10)



	Echocardiographic evidence obtained from astronauts on short duration shuttle flights show decreased left ventricular end-diastolic volumes, with compensatory increased heart rate and maintenance of cardiac output.(39) With space missions longer than five months, cardiac output measured during physical exertion, fell as much as 15%, with a decrease in stroke volume of up to 30%.(16)



	Exposure to microgravity produces significant adaptive changes in the Neurovestibular system.  CNS alterations include changes in sensory input processing, as well as the resultant motor outputs occurring in space.  It appears that the otolith organs and the semicircular canals are particularly sensitive to microgravity.  In microgravity, the otolith organs react as if they are being constantly subjected to terrestrial free-fall conditions, resulting in  sensory conflict.(50)  This sensory mismatch between inputs to the neurovestibular system initially causes disorientation and disturbances in postural control.  Two separate categories of vestibular adaptations have been identified.  



	The first category includes a variety of vestibular reflex phenomena, which include postural and movement illusions, sensations of rotation, nystagmus, vertigo, and dizziness.  Much more emphasis has been placed on the second type of neurovestibular adaptation to microgravity.  Manifestations of these changes have been well characterized, and vastly publicized under the title of Space Motion Sickness (SMS), or Space Adaptation Syndrome (SAS).(29)



	The term "sickness" is somewhat of a misnomer since the syndrome is a manifestation of the normal physiologic response to novel motion stimuli experienced in microgravity.  Yet, the clinical features of this entity elicit true misery, very similar to terrestrial forms of motion sickness, hence the name.  SMS is one of the most worrisome concerns thus far in short duration spaceflight due to its potential to seriously impact crew productivity and efficiency, and thereby jeopardize mission objectives.  



	The incidence of SMS has been quoted as 40 to 50% in early literature. Davis et al found the incidence of SMS during a first shuttle flight in 85 crew members was 67%.(17)  Soviet studies have reported similar incidence figures.  



	Symptoms include malaise, loss of appetite, irritability, somnolence, vomiting with little or no nausea. Compared to Earth motion sickness, some autonomic signs are significantly different in SMS.  Sweating, nausea, and pallor are rarely present, and vomiting is usually episodic, sudden and brief.  Onset ranges from minutes to hours after insertion into microgravity, then symptoms usually plateau and rapidly resolve within 48 to 72 hours.  No correlation has been found with Earth-bound versions of motion sickness, as some of the astronauts who were most resistant to provocative tests before flight, suffered most during flight, and visa-versa.  



	At present, antiemetics such as promethazine are the treatment of choice at NASA.  Recently, promethazine injections have been used on STS missions and have been retrospectively assessed as being associated with a significant decrease in nausea and vomiting.  NASA, as well as our Soviet counterparts are experimenting with the use of anticonvulsants such as phenytoin and valproic acid.



	There has been a consistent reduction in red cell mass observed during both U.S. and Russian spaceflights  The decrease in red cell mass is secondary to decreased erythropoiesis, caused by both depressed erythropoietin levels, as well as destruction of red cell precursors.(69)  



	Worrisome changes in the human immunologic system have also been well documented.  At least 50% of space crew members will show a depression in T-lymphocyte function.(14) Studies carried out on space shuttle crew members have consistently demonstrated decreased mitogen-induced proliferative responses by mononuclear cells following spaceflight. More recent studies of specific subpopulations of human mononuclear cells, showed significant reductions in T-inducer, and T-cytotoxic lymphocytes, as well as reductions in natural killer cells.(37)  Results from recent in-flight in vivo experiments show that the cell-mediated immunity (CMI) system is depressed, and responds to fewer antigens in space.(64)



	Working in space for even short periods has been shown to adversely affect the musculoskeletal system.  The muscular forces required to maintain posture are significantly reduced in the microgravity environment.  In space, much less muscular work is done than is required for the effort of simply maintaining normal posture on Earth.  A reduction in strength and size of the lower extremities muscles in microgravity has been well documented.(9)  



	The muscles most often affected are the antigravity or postural muscles, including the gluteal, trunk, and extensor muscles of the back and neck.  In a study of astronauts exposed to microgravity for 9 days, Magnetic Resonance Imaging  (MRI)  was used to examine changes in cross-sectional areas (CSA), in various muscles.  Compared to preflight studies, the CSA's of the soleus, gastrocnemius, and the leg, at 2 days after landing were reduced 8.9%, 13%, and 9.5% (p< 0.05) respectively.(25)



	Many space medicine experts believe that the single physiologic factor that most limits human survivability in microgravity is bone demineralization and the resulting medical problems from calcium metabolism imbalance.  Living in the microgravity environment induces a gradual but progressive loss of bone minerals (mainly calcium and phosphorus) and their matrix.   It is believed that microgravity causes both increased bone resorption and decreased bone formation.(55)   Whatever the exact underlying mechanism, the end result is that in the presence of microgravity, bone resorption exceeds bone formation, resulting in space osteopenia, a condition which is very similar to osteoporosis.  



	As one can readily conclude from this brief and by no means exhaustive review of the basic human physiologic adaptations to microgravity, a multitude of changes occur in humans exposed to long periods of weightlessness.  Figure 25-4 presents a graphic summary of the time course of most of the microgravity induced pathophysiologic (MIP) changes associated with space habitation.



	Development of solutions to these problems must be vigorously pursued because the consequences of failure are unacceptable.  Both ground-based and inflight research programs are essential to understand the physiological basis for the many observed effects and for the development of appropriate treatments or countermeasures.





******************************************************************************
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Figure 25-4.  Time course of MIP

******************************************************************************





Countermeasures

	The human body undergoes an adaptation to spaceflight after a period of initial rapid physiologic change (detailed previously in this text).  The various systems adapt at different rates, but after a month it seems that new set points are established for many physiologic processes. Many of these new set points represent a significant deterioration in function from preflight terrestrial capabilities.  The resulting physiologic deconditioning, previously delineated in the section on MIP, can interfere with operational objectives and cause decrements in crew health and safety.  In order to overcome these adversities of spaceflight, numerous countermeasures are currently under investigation.  The goal of the countermeasures program is to develop ways to prevent or at least slow down those adaptations which appear to negatively effect crew performance.  



	The reduction of cardiovascular and musculoskeletal system deconditioning is of primary concern.  Cardiovascular deconditioning is manifested by postflight reduced exercise capacity and orthostatic intolerance.  Musculoskeletal changes are mostly reversible, but like cardiovascular changes, they contribute substantially to the poor gravitational tolerance in the postflight period.  Both forms of deconditioning are potentially life-threatening because they may severely impair the ability of the microgravity adapted human to function nominally during the critical phases of reentry and landing, and to exit unassisted from a spacecraft under emergency egress procedures.  



	Absence of gravity is the underlying factor which produces the deconditioning, therefore efforts have been focused on restoring weight forces on the body which would simulate terrestrial stresses to the greatest extent obtainable.  Obviously the most direct approach would be the production of artificial gravity inside the spacecraft.  Thus far this technology has not been deemed practical, for economic and technical reasons.



	The Skylab missions of the 1970s demonstrated that exercise is an important countermeasure to physiological deconditioning in space.  During the Skylab missions, it was demonstrated for the first time that the combination of several exercises in conjunction with other countermeasures was much more effective than any single countermeasure alone. (49)  



	Since the Skylab era, a variety of exercise techniques and devices have been used in both the U.S. and Soviet space programs.  An ideal exercise countermeasure would be defined as the best possible compromise among efficacy, equipment size, ease of performance, and operational flight time requirements.  Some exercise regimens used on previous space missions to limit muscle atrophy include treadmills, bicycle ergometry, electrostimulation, and elastic isometric resistance equipment.(48)



	Optimal exercise prescriptions (involving type, frequency, duration, and intensity) to be used by humans on the ground preflight, during microgravity exposure, and during the postflight recovery period are yet to be defined.  Indeed, some investigators have suggested that humans should not undertake preflight endurance training because this type of training can adversely affect the blood pressure control system, resulting in even greater decreased postflight orthostatic tolerance.  



	A few proposed exercise training protocols have suggested that an adequate prescription might take as little as 40 minutes a day to accomplish.  However, the Russians have found that it requires vigorous exercise from 2-4 hours per day in order to reduce the physiological deconditioning experienced in the Salyut and current Mir missions.(23)  



	Various other methods have been proposed and utilized to combat space deconditioning.  In an attempt to combat orthostatic intolerance by increasing intravascular volume before landing, astronauts and cosmonauts now routinely ingest water and salt tablets equal to 1 liter of physiologic saline solution.  This countermeasure has met with encouraging early results and is still in the process of being refined.  



	Lower-body negative pressure (LBNP) devices are also being investigated for their utility in combating orthostatic changes.  These LBNP units mechanically apply suction to force fluids from the upper body to the lower body, thereby promoting a transient positive fluid balance resulting in an increase in vascular fluid.  The LBNP devices have been around since the Skylab missions, but were bulky large units, which required too much space.  A storable, portable version of the LBNP device has been developed and tested in shuttle missions, as well as in terrestrial HDT studies. The combined use of LBNP and fluid-loading is colloquially referred to as the "soak" countermeasure and has also been used extensively by the Soviets.(38)



	Combining mechanical stimuli such as LBNP with the use of pharmacologic agents also appears to be promising.  The use of inhaled ADH or mineralocorticoids in combination with LBNP is currently under investigation.  Soviet biomedical researchers favor the use of drugs as countermeasures to cardiovascular deconditioning more than their counterparts at NASA.  Agents such as phenoxybenzamine and papaverine have been used to improve regulation of blood circulation.  U.S. researchers have used beta blockers in an attempt to compensate for bed-rest deconditioning.



	Many agents have also been used in an attempt to attenuate the symptoms of SMS as described earlier.  Rigorous preflight adaptation training is also being carried out by NASA at JSC in order to acclimate astronauts to some of the different sensory inputs associated with microgravity.  NASA is also studying the use of nutritional supplements in order to enhance countermeasures.



	Recent research and investigations on the use of a short-arm centrifuge (SAC), of 5-6 ft. radius as a countermeasure to cardiovascular deconditioning have shown some promise.  Through the use of daily short duration exposures to acceleration, it  has been demonstrated that the baroreceptors which form the physiologic basis for orthostasis are stimulated.  This process called Periodic Acceleration Stimulation, consists of spinning the subjects on a SAC thereby simulating a 1-G or even 2-G environment for a short duration (1 hour), in an attempt to attenuate the effects of microgravity.(11) 



	The Soviet space program with its vast amount of operational experience in space, has utilized a number of other countermeasures with varying amounts of success.  Although cosmonauts have remained in orbit for up to 1 year, the Soviets have noted a significant decrease in performance and productivity of the crew on long missions, even with a major investment of crew time in performing the numerous countermeasure activities described herein.  



	The evolution of countermeasures to ameliorate the physiological decrements caused by MIP must continue if future space flight goals are to be reached.  Required research will include bed-rest studies and corresponding inflight validation of feasible operational MIP countermeasures.  Much continued lab research, as well as many more dedicated life sciences missions aboard the Shuttle and the International Space Station Alpha (ISSA), will be required for an ultimately  successful countermeasures program.



�





CLINICAL SPACE MEDICINE



	Clinical  space medicine primarily focuses upon the delivery of medical care to humans working in space.   Historically, the practice of medicine in space has not been a prime factor in the planning of mission operations.  While the primary efforts in space medicine in the past have been preventive, there has also been planning, preparation, and procedures developed for possible inflight medical contingencies.  An on board medical kit has been provided on all U.S. space missions.  The size and content of this medical kit has greatly expanded throughout the years as missions increased in duration and complexity.  



	NASA's extensive preflight preventive programs, strict astronaut screening, and the relative brevity of mission duration have thus far held inflight medical morbidity to a minimum.  Yet medical contingencies have occurred.  There has been a wide variety of medical incidents, varying from minor injuries or illnesses which had no effect on the mission, to critical events which resulted in death and/or mission termination.  The Russian space program has experienced several medically critical events which led to crew morbidity and mortality, mission termination or operational modification.(46)(58)



	Table 28-5 lists some of the medical morbidity which has occurred during U.S. space missions. This list must be considered incomplete because it does not take into account the probable numerous non-reported illnesses and injuries.  The astronauts as a whole have an incredible reluctance to be involved in medical investigations, let alone reporting medical problems.  This reluctance stems from the traditional antagonisms between flight surgeons and pilots.(61)   Pilots and astronauts fear that reporting even minor medical complaints may cause them to be "grounded".  Therefore much effort is undertaken to prevent discovery of many injuries and illnesses.



	The first documented illness during spaceflight occurred on the second Soviet flight back in 1961.  The cosmonaut experienced severe motion sickness symptoms which were relieved by decreasing head and body movements.(23)  The first episode of orthostatic intolerance occurred in 1962 during the U.S. Mercury series.  Frequent subclinical cardiac dysrhythmias and episodes of near heat exhaustion were noted on many of the early EVAs.(18)  There have been several cases of arrhythmias during Apollo and more recently on Shuttle EVAs.  One astronaut exhibited ventricular bigeminy which lasted "several minutes".(12)

�Table 25-5.  Recorded Space Morbidity 

******************************************************************************

Space Motion Sickness          			Dermatomycoses          

Hypokalemia                    			Contact Dermatitis

Orthostatic Hypotension        			Presyncope

Boils                          				Cardiac Arrhythmias

Pulmonary Edema               			Heat Exhaustion         

Pharyngitis                    			Back Pain

Fever                          			Dysbarism                   

Stomatitis                    			Urinary Tract Infection

Respiratory Infection          			Serous Otitis               

Renal Stones                   			Hand Desquamation

Conjunctivitis                 			Headache                  

Dehydration                    			Chemical Pneumonitis 

Laryngitis                     			Shoulder Strain          

Barotitis                      			First Degree Burns

Scalp Laceration               			Gastroenteritis          

Orthostasis                    			Syncope

Hordeolum                      			Skin Rash                 

Rhinitis                       			Subungual Hematoma

Insomnia                       			Contusions                 

Long Thoracic Nerve Palsy      		Winged Scapula



******************************************************************************





	The advent of the U.S. Apollo program brought with it many minor medical problems, some of which had impressive operational impacts.  The first mission, Apollo 204, ended prematurely during a prelaunch full simulation, when the oxygen rich atmosphere of the cabin was somehow ignited  and the resulting flash fire killed all three crew members. This tragedy (the first fatalities in the U.S. space program), led to major modifications to materials, procedures, and to the atmospheres of Apollo and spacecraft.  It also resulted in curtailment of the then planned medical investigations program which had led to the selection of the first few scientist and physician astronauts in 1965.



	The first Soviet, and first inflight fatality occurred just months after the Apollo 204 disaster.  The maiden flight of the new Soyuz spacecraft, resulted in the death of a cosmonaut due to failure of the reentry braking system.  During reentry the parachute deployed automatically, but tangled around the Soyuz as it tumbled end-over end into the ground.  The cosmonaut hit the ground at about 400 mph.(53)



	Apollo 7, the first successful Apollo mission, became known as the "Ten-Day Cold Capsule", because all of the crew members developed upper respiratory viral infections inflight.  The scope of the problem was best summarized by one of the crew who was quoted to say "We were up to our asses in used tissues".(2)  Apollo 8 produced the first U.S. reports of symptoms of motion sickness.  Apollo 9 became the first spaceflight ever postponed (3 days) because of preflight medical morbidity (viral infection).  Also on this flight, plans for an EVA had to be revised because of symptoms of SMS.(21)  During Apollo 10, fiberglass insulation produced skin, eyes, and upper respiratory irritation, and after the historical first lunar landing and surface excursion by Apollo 11 astronauts, an occurrence of decompression sickness (the bends), was reported by one of the crew.(3)   



	Apollo 13 was a medically notable flight for many reasons.  One of the crew members was replaced a few days before launch due to an exposure to rubella.  He was found not to have protective antibodies against rubella, and although he had no signs of illness, he was replaced.  Four days into the mission there was a electrical short circuit in one of the Service Module's oxygen tanks, which led to an explosion, and subsequent crippling of the Apollo spacecraft.  The explosion terminated the mission to the moon, and the resultant loss of oxygen, used for both the production of power and of course for breathing, presented an acute emergency.  In order to survive the long trip back to Earth, the crew was forced to jettison the Service Module, and use the Lunar Module as an "emergency lifeboat" back to Earth orbit.



	This flight ended as a race against decreasing oxygen supply, increasing carbon dioxide concentrations, and hypothermia, as the crew was forced to power down their makeshift spacecrafts in an attempt to conserve fuel and oxygen.  It was also during this mission that two of the astronauts developed  urinary tract infections (UTIs).  The astronauts in question developed symptoms of dysuria, thought to be due to the combined effects of hypothermia, stress, dehydration, and prolonged wearing of the urine collecting devise.(3)  Inflight treatment with tetracycline was ineffective.  Immediate postflight analysis of the crew confirmed the UTI and identified the etiologic agent as Pseudomonas aeruginosa, which was isolated in high concentrations from the astronauts urine.(65)  Postflight treatment with Nitrofurantoin and Pyridium were also ineffective in halting the increase of P. aeruginosa in the urinary tract.(4)



	The first space station, Salyut 1, was placed into orbit by the Soviets in 1971.  The first crew to successfully occupy the space station for what was then a record breaking 3 weeks, met with tragedy upon return to Earth.  During reentry, a faulty valve opened at the instant of explosive separation of the Command and Orbital modules of their Soyuz 11 vehicle, thereby allowing the spacecraft's atmosphere to escape.  The three crew members were not wearing pressurized suits, and thus all three men died of dysbarism.(23)  



	"Potentially serious cardiovascular responses" in the form of cardiac arrythymias were seen again during lunar EVA activities and reentry of the Apollo 15 mission.  Two crew members exhibited dysrhythmias including bigeminy.  The crew members involved were also found to be hypokalemic both before and after the flight. This hypokalemia combined with the very tiring workloads imposed on EVA were thought to be contributing factors in the development of the arrhythmias, as well as the severe cardiovascular deconditioning which this crew experienced postflight.  The crew of Apollo 15 took three to four weeks, longer than any other American crew, to recover preflight CVS and exercise tolerance levels.(21)(4)



	Skylab brought with it an opportunity for the first time to study habitability and physiological adaptation to space.  The first U.S. physician-astronaut  was a crew member on the initial Skylab mission. He and a another crew member spent almost 4 hours outside the station attempting one of the most difficult and daring of all orbital repairs jobs.  The Skylab Solar Power Panels were damaged at launch and failed to unfold as required.  This left the station powerless and unfit for human habitation.  With guidance from ground personnel, the astronauts successfully released the Solar Panel and thereby enabled the completion of the Skylab program.(28)



	The joint U.S./Soviet mission, Apollo-Soyuz Test Project (ASTP), was flown in 1975, as the last Apollo mission.  The Apollo craft and the Soyuz remained docked together for two days in Earth orbit.  The crews visited with each other and conducted five joint experiments before the two crafts separated.  During their return to earth, at an altitude of 24,000 feet, the Apollo crewmembers were exposed to toxic gases, primarily nitrogen tetroxide, from an inadvertent firing of the reaction control system.  All three crew members developed a chemical pneumonitis despite rapid donning of their oxygen masks.  One crew member was rendered unconscious for a short time, and all three required intensive therapy and hospitalization for treatment of their subsequent development of pulmonary edema.(20)  No permanent damage resulted.



	In today’s shuttle era, many of the same early medical problems still plague current astronauts.  SMS is still a problem in nearly 70% of the astronauts, though new pharmacological interventions and intramuscular injections may prove more effective then past treatments.(60)(1)  Preliminary data from recent longer STS flights show that 33% of the crew members who did not use the fluid-loading countermeasure exhibited postflight syncope or presyncope.  This data also suggests that the incidence of orthostatic hypotension increased with flight duration, even in crew members who used the fluid-loading countermeasures.(22)  



	Back pain has emerged as a chronic complaint of many space travelers.  It has been described as a dull ache and usually occurs in the low back.  It is not similar to the 1-G equivalent. Back pain in microgravity is thought to be due to stretching of the anterior and posterior spinous ligaments, resulting in approximately 7 centimeters of increased height at 0-G.(72)  Various dermatologic problems have also been encountered.  Tinea pedis and cruris as well as reports of hand desquamation, boils, and contact dermatitis from chemical irritants have been documented.(67)  



	STS astronauts have also had problems with sleep disruption while in orbit requiring many of them to seek sedative medication for assistance with sleep initiation.  A number of medications have been used to supplement the SOMS (shuttle orbitor medical system).  Currently, astronauts can choose from triazolam, flurazepam, diphenhydramine or chloral hydrate.(51)                                        



	Living in the confines of space has also taken its toll on the "nerves" of astronauts and cosmonauts alike.  There have been a number of “psychosocial incidents”. Not surprisingly, the areas of psychological  well being, crew interactions and crew behavior is being studied very closely.  



	Documented untoward psychological and behavioral responses to spaceflight have occurred.  They include: disruption of cognitive and memory functions (especially in association with circadian rhythm variations);  stress and anxiety states induced by concern for a successful mission; fear of the physical dangers encountered during spaceflight; social isolation; decreased personal space; sensory deprivation or overload related to spacecraft design; interpersonal difficulties among crew members; family problems; sleep disturbances; depression; and personality changes.(13)(26)



	Research into the central nervous system (CNS), changes associated with spaceflight (metabolic, neurotransmitters, and morphological CNS alterations), and their role in some of the psychological effects on orbit is being carried out.  Many of these psychological and behavioral changes are known to be associated with neurophysiology and some can be treated using pharmacological agents.(45)   



	As missions expand in length and crew size, the many stressors existing in the space environment including microgravity, constant potential danger, confinement, and interpersonal tensions, must be taken into consideration and provisions made for thier successful abatement.   



	A major insight in the field of space medicine which has been garnered from the Shuttle era data, is the demonstration that pharmacokinetics are affected by spaceflight.  Medication usage by crew in the preflight and inflight mission periods is very common in the Shuttle era.  Studies have shown that only 22% of astronauts flown during Shuttle missions, flew without taking any medication.(60)  Medication was taken most often for SMS, headache, sleeplessness, and back pain.



	Studies in rats have already shown that the activity of certain oxidative drug-metabolizing enzymes are altered in animals that have been subjected to spaceflight.(31)  It is also known that microgravity induced changes in drug pharmacokinetics in combination with multiple operational factors may significantly alter an astronauts response to the medication inflight.  These observations clearly reaffirm the need for enhanced research into the actual provision of medical care on orbit.



	Soviet missions have been terminated early due to inflight medical contingencies on more than one occasion.  In 1985 one of the cosmonauts on board the orbiting Salyut 7 station developed what was termed an "acute inflammation", which led to the premature termination of his stay on the station.  The cosmonaut, who was the commander of the mission, suffered from anxiety, irritability, chronic pain, and was febrile up to 104 degrees F.(58)  After two and a half weeks of suffering, the reluctant cosmonaut team finally revealed the condition of their stricken colleague. Attempts were made to treat the cosmonaut with drugs stored on board, and  although his condition slowly improved, he remained virtually sleeping bag bound.  He was returned to Earth approximately three weeks after treatment had been instituted, and was subsequently hospitalized for four additional weeks.  The actual nature of the inflammatory disease which afflicted the cosmonaut was not revealed to U.S. authorities until a few years ago.  The cosmonaut had suffered from nephrolithiasis.(30)



�

Table 25-6.  Summary of MIP related clinical manifestations

******************************************************************************

CARDIOVASCULAR 

Changes in the heart and redistribution of body fluids cause inability of the body to adapt to rapid circulatory changes, producing orthostatic symptoms post-flight

Incidence - 20% of crewmembers

Symptoms - Dizziness, lightheadedness, fainting

Causes

	-Fluid shift

	-Baroreceptor - endocrine - diuretic response

Treatment

	-Fluid loading

	-G-suits

	-Exercise

	-Lower Body Negative Pressure (LBNP)

	-Medication



NEUROVESTIBULAR 

In-flight changes in neural feedback function that produce postural imbalance and loss of post-flight coordination 

Incidence - All crewmembers are affected to some degree

Symptoms - From vertigo and unstable gait to nausea and vomiting

Causes - Neurovestibular-otolith and proprioception

Treatment

	-Avoid rapid head movements

	-Slow but progressive increase in activity

	-Medication



SPACE MOTION SICKNESS (SMS)

Incidence

	-Affects approximately 75% of all crewmembers

	-10% of cases are severe

	-70% of men, 50% of women

Symptoms - from loss of appetite to nausea and vomiting

Time course - Onset from MECO to 24 hours: peak symptoms at 24 to 48 hours; symptoms resolve at 72 to 96 hours

Causes

	-Neurovestibular-otolith mismatch

	-Fluid Shift

Treatment

	-Inactivity

	-1G orientation

	-Medication

�TABLE 28-6,  Summary of MIP related clinical manifestations - continued



MUSCULOSKELETAL

Changes in antigravity muscles, bone and calcium metabolism

Incidence - All crewmembers are affected

Symptoms

	-Acute - Short term

		Back pain

		Fatigue

	-Chronic - Long term

		Muscle atrophy

		Fractures

		Possible kidney stones

Time course

	-Acute for the first few days of flight

	-Chronic for duration of flight

Causes

	-Acute - Postural change with stretching of tendons and ligaments

	-Chronic - Decrease in weight bearing causes muscle atrophy and bone 	 	demineralization, with increased urine and fecal calcium

Treatment

	-Stretching

	-Exercise

	-Medication



PSYCHIATRIC

Changes in crew mood, morale, and circadian rhythm

Incidence - Affects all crewmembers to some degree

Symptoms - Fatigue

Time course - Depends on flight plan

Causes

	-Work load

	-Sleep habits and facilities

	-Crew personalities and “crew space”

	-Temperature

	-Noise

	-Odors

	-Atmosphere

	-Diet

	-Lack of family contact

Treatment - Treat causes

******************************************************************************

�	Yet another Soviet mission was terminated abruptly some five months before the intended end of the mission, after one of the cosmonauts continuously exhibited abnormal ECGs after 2 EVAs. Thus with extended duration exposures to microgravity which are common in the Soviet space program, we have already seen the impact that medical contingencies can have upon the mission objectives.  Future extended duration space operations, on the STS, ISSA and prospective missions to Mars and the Moon, will only present more formidable challenges to the practice of clinical space medicine. 



	In lieu of the plethora of possible medical contingencies, NASA has long recognized the importance of an inflight medical care system.  Current space missions are monitored continuously by a flight control team which includes NASA "Crew Surgeons" from the Medical Operations Branch at the Johnson Space Center (JSC).  The medical team receives health related data via spacecraft telemetry and by private medial conferences.  Astronauts receive 20 hours of lectures from the Space Life Sciences Directorate at JSC, during their first year of initial training.  Once assigned to a specific shuttle flight all crew members attend additional lectures on biomedical issues particular to their flight, as well as CPR and first aid training. Each shuttle flight has 2 crew members who are designated as the Crew Medical Officers(CMO).   





	When physician-astronauts (P-A) are assigned to a mission, they usually serve as the CMO.  Yet, on the majority of missions there is no P-A.  As previously described, the astronauts who serve as the CMO receive a limited number of hours in extra medical training for handling on board medical systems, medical procedures, and possible diagnostic and therapeutic interventions.  Drug choice and administration are taught to the CMOs.   Inflight, they can use the Medical Checklist to assist them with any clinical procedures.  This medical checklist contains detailed instructions for all of the numerous medical contingencies which NASA believes the CMO needs preparation.  Included are treatment protocols for everything from abdominal pain to shock, and procedures such as laceration repair, CPR, and even cricothyrotomy.  This document provides the inexperienced, non-medically trained, non-physician CMO, with a step-by-step checklist complete with figures and photos to guide them through these often difficult medical interventions.(42)



	The CMOs are expected to be familiar with the Medical Checklist, and as with other mission activities, when called upon to accomplish a medical task (such as a cricothyrotomy), NASA believes they should be able to read a step in the checklist then perform the actions. Yet, compared with other operational objectives, the designated CMO spends a relatively small amount of time in medical training.  The current Shuttle Orbital Medical System (SOMS) has evolved from the rudimentary first aid kits used in the early space programs.  It has been used successfully in shuttle flights for 14 years, while undergoing continual updates and changes.  Some of the medications and medical supplies flown on board the shuttle in this kit are listed in Table 28-7.



	Although medical consultants and the ground based crew surgeon are available 24 hours-a-day, in practice it is much more common for the CMO to act on the minor medical contingencies experienced on a mission without contacting the crew surgeon.(60)

�Table 28-7.  Medications and supplies in the SOMS

******************************************************************************     Injectable Drugs                 			Diagnostic items

Oral Drugs                      			Topical medications

Epinephrine 1:1000              			BP cuff/stethoscope             

Actifed                         				Afrin spray

Atropine 0.4 mg/ml              			Oto/Ophthalmoscope           

Dexedrine 5mg                   			Kerlex dressing

Phenergan 25/50mg               			Foley Catheter 11 Fr.           

Donnatal                        			Anusol-HC cream

Compazine 5mg                   			Tourniquet                         

Ampicillin 250mg                			Neosporin cream

Pronestyl 500mg/ml              			Binocular loupe                    

Erythromycin 250mg              			Blister

Morphine 10mg/ml                			Penlight                           

Tetracycline 250mg              			Corticosporin otic sol.

Decadron mg/ml                  			Sterile drape                      

Valium 5mg                      			Providone-iodine

Lidocaine 20mg/ml              			Fluorescein strips                 

Tylenol                         				Kenalog cream

Valium 5mg/ml                   			Sterile gloves                    

Benadryl 25mg                   			Sulfacetamide 

Xylocaine-2%                    			Thermometers                     

Nitrostat 0.4mg                 			Halotex

Demerol 25mg                    			Cobalt light                       

Keflex 250mg                    			Pontocaine 15ml

Benadryl 50mg/ml                			Oral airway                       

PenVK 250mg                     			Surgical masks

Vistaril 50mg/ml                			Cricothyrotomy set             

Digoxin 0.25mg                  			Compazine supp.

******************************************************************************





Future Extended Duration Space Missions

	The future extended duration  missions on the proposed International Space Station Alpha (ISSA) and proposed missions back to the Moon and Mars, will have larger crew size and a lack of immediate elective return to Earth.  These missions will present a range of operational and medical challenges to the crew and its life support systems that have not previously existed.  There will be numerous new potential health risks associated with these extended duration missions.   



	Many of the medical contingencies experienced thus far have been  clinical  manifestations of the physiologic alterations that define MIP.   Although some of these problems have already  been operationally significant, the extent to which many of them may impact long duration missions is yet to be determined.   Table 25-8 lists some of the potential clinical manifestations of MIP.  

�

Table 25-8.  Potential Clinical Manifestations of MIP

******************************************************************************



Space Adaptation Syndrome (SAS)



Orthostatic intolerance/syncope



Cardiac dysrhythmias



Space anemia



Space Acquired Immune Deficiency Syndrome (SAIDS)



Exercise intolerance



Renal calculi



Pathologic fractures



******************************************************************************





	During the course of extended duration missions, there will be a host of other possible medical contingencies.  These include many of the everyday medical, surgical, psychiatric, and even gynecological maladies which affect humans on Earth.  However, there will also be the potential for many other more serious emergency type medical occurrences related to the rigors of  working in the unique extraterrestrial environment (Table 25-9).  



	There are many operational hazards associated with long duration space missions which can cause medical morbidity or mortality.  The possibility of operational contingencies requiring medical intervention are real.  NASA has projected the need for a possible medical evacuation to be one event per 68 person months on orbit.(24)  Cosmonauts residing in the Russian space station MIR have documented small hits from orbital debris, which they hear as "pings" against the external shell. 



	None of these collisions have caused serious damage, although some have broken the exterior light bulbs on MIR, which now are protected as a result of these encounters.(63)  At least one space shuttle mission in the past has been rescheduled due to the perceived risk from meteoroid damage.  In addition to the explosion which terminated the Apollo 13 moon mission (in April 1970) and the tragic Challenger disaster, the space shuttle Discovery on a mission in September 1993 survived a small explosion which caused significant damage to its payload bay.(36)   Figure 25-5 lists the operational hazards for ISSA. 





�

Table 25-9.  Injury or Illness as a consequence of working in space

******************************************************************************



Trauma   (Mild, Moderate, or Severe)    	Toxic Exposures

Lacerations                             		Inhalation 

Fractures                               			Contact

Closed Head Injuries                    		Ingestion

Crush Injuries                          		Noise/Sound/Vibration

Open or Closed Chest Injuries



--------------------------------------------------------------------------------



Decompression Sickness                 		Thermal Injuries

Dysbarism                              		Burns/Frostbite

Air Embolism                           		Electric Shock

Explosive Decompression     			Heat Exhaustion 

                                                                               ******************************************************************************      



	NASA has estimated that an emergency shuttle mission to rescue ill or injured astronauts from the ISSA, would require anywhere from 14-45 days to initiate, at a cost of up to several hundred million dollars.(24)(57)  For these reasons the development of an Assured Crew Return Vehicle (ACRV) has been mandated by NASA.  



	This vehicle will be permanently docked to the ISSA and will be designed to safely evacuate an ill or injured crew member to the Earth in the event of a serious medical contingency which can not be managed on station.  However, costs associated with the use of an ACRV are expected to be very high, and depending on the eventual design, there are doubts as to whether or not critically injured crew members could survive the ACRV's stressful ballistic reentry flight.





The Crew Health Care System (CHeCS)

	Because of the probability of injury and illness occurring during ISSA operations, and long duration space missions,  plans have been made for the inclusion of a comprehensive inflight medical care system.  This provision will reduce the likelihood of medical evacuation and better ensure success in the event that ACRV operations become necessary.  The ISSA medical care system will enable the CMOs to provide preventive, diagnostic, and therapeutic medical care to the crew on orbit.  The current system planned for ISSA is called the Crew Health Care System (CHeCS), and is composed of three major subsystems:  The Health Maintenance Facility (HMF), Exercise Countermeasures Facility, and the Environmental Health (monitoring) System.

�

Figure 25-5.  International Space Station Alpha Operational Hazards

******************************************************************************



�



******************************************************************************

�	With the most recent redesign of the ISSA, much is left unclear as to the exact configuration of the HMF.  However, the CMO should be able to provide better immediate emergency medical capabilities, possibly to the extent described by the Advanced Cardiac Life Support (ACLS) and Advanced Trauma Life Support (ATLS) protocols.  To support this level of medical care, "the HMF will need much of the same medical equipment and supplies commonly found in an emergency department or intensive care unit.      



	In spite of all the sophisticated systems, advanced technology, computer hardware and software, and ground support staff that the CMO will have at his/her disposal, when a life threatening medical event arises, it will be the expertise, clinical skills and acumen of the CMO which will make the difference in patient outcome.  Surely any medical care system is only as good as the person(s) providing the care.



The Future Crew Medical Officer 

	Except for the case of catastrophic injuries resulting in immediate mortality, crew medical care on orbit will be possible.  However, it will only be possible if the appropriate resources and personnel are also made available.  The medical establishment has long advocated the inclusion of a physician for all extended duration space missions.     



	Many of NASA's Medical Operations staff have requested that the crew of the ISSA include a physician.  Former Chief of Medical Operations at NASA's JSC James Logan wrote, "The single most effective means to maximize the inflight medical capabilities as a function of weight and volume of the HMF is to assign a physician/surgeon to fly on every mission."(34)  The 1990 Clinical Experts Seminar held in Houston by NASA provided an opportunity for a wide range of medical and allied health professionals to review and comment on plans for the HMF.  Current Chief of Medical Operations at JSC, Roger Billica, in the executive summary from the seminar’s proceedings wrote, "It was readily recognized that the ultimate definition of HMF level of care and capabilities would depend more on the skills and knowledge of the CMO than on the hardware provided."(7)  



	While it may be intuitively obvious to most clinicians and physicians that a "high-tech", state of the art medical care facility will still be only as effective as the health care provider who staffs it, NASA has failed to act upon this basic operational and medical reality.  To date, NASA has yet to mandate the requirement for a clinically competent, P-A (physician-astronaut) to man the CMO position during SS operations.  In the past, NASA has stated that the CMO will have the equivalent of Emergency Medical Technician (EMT) or paramedic training.  CHeCS systems are thus being designed with the assumption that the CMO will not be a physician.(33)(6)(8)



	NASA currently has a number of potential P-As from which to chose CMOs.  There are 12 physicians among the corps of current astronauts, which is more than at any other time in NASA history.(43)  Regardless of their previous specialty training, after being selected as astronauts, most of these physicians no longer practice clinical medicine.(56)(62)  Many of these individuals rank among the most experienced astronauts at NASA.(69)  To date physicians have been involved in some of the most important, technically difficult assignments on various space missions.  There has yet to be any evidence which would suggest that the presence of a physician-astronaut would in anyway diminish the effectiveness of a given mission.  To the contrary, P-As have excelled in all aspects of space operations and their medical skills have proven to be valuable on many missions.



	The first physician-astronaut flew into space in 1964 as a crewmember of the Soviet’s first three man mission, the Voskhod 1.  Dr. Norman Thagard had already completed 4 shuttle missions, when he was granted the honor of being the first U.S. astronaut in history to be a crew member on a Russian spacecraft.  Dr. Thagard is currently  the U.S. record holder for total time in space.  He spent over 110 days on the Mir space station conducting biomedical experiments and serving as the medical officer for the crew, which included two other cosmonauts.  He has over 130 total days in space.			 



	F. Story Musgrave, M.D. (Figure 25-6.),  was the payload commander on the recent high profile Hubble Telescope repair mission.  He has been on 5 shuttle missions, has the distinction of having performed the first shuttle EVA (extravehicular activity), and has now completed more total time doing EVA than any other shuttle astronaut.   



	Many other current and former physician-astronauts have distinguished themselves during space missions, performing successfully as both astronaut and physician.  The first U.S. physician-astronaut, Dr. Joseph P. Kerwin spent nearly 4 hours of EVA on the first Skylab mission repairing a solar panel, and thereby salvaging the entire Skylab program.  Three physicians carried out numerous medical experiments on the first  Spacelab Life Sciences mission (SLS-1), in June of 1991.  The SLS-2 mission in October 1993 carried 2 physicians and a veterinarian. They conducted a larger number of medical tests, performed small animal surgery in space for the first time, and stayed on orbit longer than any previous shuttle mission.     



	Although Air Force flight surgeons were clearly the leaders of early space medicine efforts, by the mid 1970s, there were no Air Force physicians working at NASA facilities, conducting research, or working space operations.  This deficiency is currently being reversed, as there are now at least three Air Force flight surgeons working space medicine related issues at three different NASA facilities.   



�

Figure 25-6.  Astronaut F. Story Musgrave MD,  preparing for EVA during Hubble repair mission

******************************************************************************



�******************************************************************************

�



CONCLUSION



	Space Medicine has developed into a multi-disciplinary field of study.  Although it has evolved from aerospace medicine and the realm of the flight surgeon, clearly today flight medicine is only one aspect of this ever growing specialty area.  



	The medical findings of the U.S. Manned Spaceflight Program so far indicate that man can adapt and function effectively in the space environment.  The combined U.S. and Russian spaceflight data indicate that missions of very long duration are possible without significant cardiovascular and musculoskeletal maladaptive changes.  



	While the majority of the human responses to spaceflight are adaptive in nature and would not preclude extended space missions, at this time it appears that bone demineralization, cumulative radiation doses, and future operational hazards may be the most important problems requiring further elucidation.  



	The successful implementation of reliable countermeasures and the ultimate understanding of all biomedical responses to microgravity and the harsh environment of space remain challenges to be answered in the coming decades.  As we go forward with plans for the ISSA and other longer duration missions, physicians, biomedical researchers, and space medicine advances will continue to play a leading role in man’s exploration and exploitation of this final frontier. 





�
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