2.2   Orbital Flights – Medical considerations

The orbital flights of Mercury, Gemini and Apollo were a prelude to the Space Shuttle era of today.  There were small medical kits carried on each of these early vehicles, which usually consisted of a few medications and some simple diagnostic equipment reflecting the state of medicine and medication and therapy of that time.  Training for the crew was carried out by flight surgeons, which decided with consultants what would be good to carry on-board during these flights.

For the Space Shuttle, the Shuttle Orbiter Medical Systems kit, the SOMS, is the mainstay of medical care for orbital flights.  It is geared towards ambulatory care, first aid, and basic life support.  

The Crew Medical Officers (CMOs) are two crewmembers who are specifically trained in medical procedures, and the use of the Medical Checklist.

The Medical Checklist is part of the flight data file that is a basic how-to listing that is in a checklist format in order to treat basic medical problems, and assist in locating the various medications, supplies and equipment that are stowed in the SOMS, and on the Space Shuttle.

The SOMS consists of several separate kits which provide medications and medical equipment.  One kit (the Medication and Bandage Kit) contains primarily prescription and over the counter oral medications, bandages, splints and topical medications.  Another kit (the Emergency Medical Kit) contains parenteral medications, equipment to administer them by injection or intravenous line, and advanced life support.  Another kit (the Medical Accessory Kit) carries mission specific items that may be needed; and if there are none, then additional IV fluids are carried.  The Contaminant Clean-up Kit carries goggles, chemical and biologically resistant gloves, masks, and bags to hold items.  The Shuttle Emergency Eyewash Kit contains modified swimming goggles that allow for prolonged rinsing of the eyes using the Shuttle potable water system in the case of an eye exposure.  The Operational Bioinstrumention System provides the capability to downlink EKG data to the ground, which can be monitored by flight doctors on the ground.  The Airway Medical Accessory Kit provides airway assistance via ET tubes, oral and nasal airways, end-tidal CO2 monitoring, and cricothryrotomy set, and the mechanisms to provide oxygen from the Shuttle oxygen system.  

A defibrillator has been carried on some Shuttle flights.  Astronaut crew can also carry medications in their Launch and Entry Suits also, and often will carry medications that they may commonly use early in the flight.

Crew medical training for US flights includes first aid type training for all astronauts during their basic training to become an astronaut.   This involves lectures on medical factors and physiological changes associated with spaceflight including neurovestibular changes, cardiovascular changes and de-conditioning, orthostatic intolerance, fluid shifts, radiation risks, space motion sickness, and bone and muscle changes.  Also, all astronauts undergo physiological training that involves the subjects of changes in barometric pressure, hypoxia, hypercapnia, barotrauma and evolved gas disorders.  They are given personal training and experience in their individual symptoms of hypoxia and hypercapnia with monitored altitude chamber exposure and hypercapnia exposures.  All astronauts undergo land and water survival courses and some KC-135 parabolic airplane flights to expose them and familiarize them to short duration zero gravity experiences.

When an astronaut crew is selected for a mission, additional medical training occurs with the entire specifically appointed crew.  This two hour class involves CPR and general first aid. Then a three hour session occurs approximately six months prior to launch to review some of the basic physiological changes that are expected in spaceflight, general biomedical concerns, common medical problems, and common treatments.  This will involve space motion sickness, on-orbit medical capabilities, the basics of the medical kit, radiation exposure, fluid shifts, and orthostatic intolerance on return to earth, EVA medical concerns, decompression sickness, back pain, toxicological risks, and emergency medical support during launch and landing.  A briefer but similar one hour session is done about ten days prior to launch, which also reviews G-suit operation in the Launch and Entry Suit, fluid loading on re-entry, radiation dosimeters, private medical conferences, carry-on medications, the circadian shifting program and its implementation, and the Health Stabilization (limited quarantine) Program are all especially emphasized.

Within the Shuttle crew there will be two Crew Medical officers (CMOs) chosen to receive further and more in-depth training.  If there is a physician crewmember, usually they are selected, and many times the commander of the mission will be the other CMO.  The flight surgeons assigned to the crew will usually personally do the training of the CMOs.  The three hour initial training is called Medical Diagnostics and is approximately three months prior to the mission.  This trains and/or familiarizes the CMOs with how to use the diagnostic equipment provided on the Shuttle, as well as give them a baseline understanding of assessing the health status of his or her patients/crew.  The CMOs are taught how to use the Medical Checklist and the SOMS kit, as well as how to set up an air-to-ground private medical conferences with the crew surgeon on the ground during the flight.  Private medical conferences are routinely scheduled daily on Space Shuttle flights as well as are available within a few minutes if necessary.

A second three hour session for the CMOs involves therapeutics and is held after the diagnostics session.  This session focuses more on the necessary treatment procedures, focusing on the ones more commonly needed, such as intramuscular injections.  Although emergency procedures are not likely to be needed, they are reviewed and practiced as well.  CMOs practice venipuncture, IV drug and fluid therapy, removing foreign objects from eyes, urinary catherization, suturing, intubation, cricothyrotomy, and airway management.  Most of the time these procedures are practiced on inanimate objects or medical training devices, but sometimes the CMOs will obtain clinical experience in emergency department or operative environments.  The CMOs sometimes give needed injections of influenza vaccines or tetanus immunizations to other crewmembers as training.  An additional hour session is held with a dentist in order to review common dental problems and procedures using the SOMS kit.  All immunizations are brought up to several months prior to launch

Just prior to launch a limited quarantine is implemented called the Health Stabilization Program.  This program is implemented the seven days prior to launch to minimize contacts to those necessary for crew training and management, as well as a limited number of family members.  Physical exams are conducted by flight surgeons on these selected family members and all are instructed on how to limit crew exposure to the possibility of infectious diseases.

Emergency vehicle return considerations for orbital flights are dependent on the vehicle that the astronauts are in, the inclination of the orbit (the “tilt” of the orbit in relation to the equator), and the altitude of the vehicle.   In the Space Shuttle the return capability at a primary landing site is usually only one to two per day.  Contingency sites may add another one to sites per day and augmented sites another 1-2 sites per day.  Emergency return of the Shuttle could certainly be considered in the event of a medical emergency, although even in an emergency situation, it may take 2-6 hours to configure the Shuttle to land.  The flight risk of the unplanned emergency landing, and the availability of a primary landing site and the subsequent risk to the rest of the crew would have to be weighed against the urgency of the medical emergency being handled.  In the case of a death onboard, the Shuttle contains no provision for the storage of the body.  Return of the vehicle within 24 hours of any death is almost always possible, due to the generally good availability of a primary or contingency landing site. 

In general, short duration spaceflight depends on the return capability of the spacecraft for truly serious life-or limb-threatening illness or accidents.  This is because of the weight and space and training time restraints of shorter duration orbital flights as well as the smaller crew size prohibits carrying much medical capability in equipment and minimizes the time that the crew can spend in their training.

