
For Exploration Crew Medical Officers (ExMO) :

No single physician specialty training program covers every 
identified KSA that was recommended.

There are 16 KSAs that are not addressed in any training program.

Current training for terrestrial physicians may need to be adapted to 
meet the needs of future exploration medical officers

Creation of a Capability Check List may be beneficial 
to ensure ExMO candidates are trained to meet the expected mission 
medical requirements

Future analysis could develop an essential clinical skill set/training 
requirement desired for all crewmembers as well as complimentary 
skill sets for secondary medical officers to best cover long duration 
missions 
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Figure 1: Coverage of Exploration Medical Capabilities by 
Medical Specialty Training. A total of 297 capabilities 

were identified, with varying amounts covered by each 
residency

Chart 1: KSAs for long duration spaceflights sorted by the number of specialties that train to that capability. These capabilities were derived 
by NASA experts from the expected medical events crews may face on long duration missions..

Figure 2: Overlap of Capability Coverage. 16 KSAs 
are not covered by any specialty and are not 

depicted in this graph 
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COVERAGE OF EXPLORATION MEDICAL CAPABILITIES BY 
MEDICAL SPECIALTY TRAINING 

Specalty plus Aerospace Medicine Specalty Alone

Purpose: To describe terrestrial medical specialty training requirements in 
comparison to anticipated needs of future  Exploration Crew Medical Officers 
(ExMOs) and secondarily to outline one method for how specialty 
specific training may be applied as a factor in Probabilistic Risk Analysis (PRA) 
tools to better assess mission risk based on crew medical training.  

Low Earth Orbit (LEO) space operations are supported by a robust International 
Space Station (ISS) medical capability and near continuous contact with ground 
flight surgeons. Emergency medical evacuation from ISS may be accomplished 
in less than 24 hours, but may take up to 2 weeks from lunar orbit and may not 
be feasible during Mars missions. 

As humans venture beyond LEO, timely earth-based terrestrial medical support 
and communications will be limited or non-existent. The crew’s medical 
autonomy, referred to as Earth Independent Medical Operations (EIMO) is 
essential, and will be achieved through Exploration Crew Medical Officer (ExMO) 
training to manage expected medical events independent of terrestrial 
support.(2) 

The opinion on the best staffing model to meet this standard often varies 
depending on the level of training and specialty of the medical provider being 
asked. This project provides a data based framework to inform the answer to 
this question through analysis of expected physician capabilities as noted in the 
medical specialty requirements. 
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Analysis of this data set in reference to Exploration Mission success 
reveals: 

No single medical specialty training will provide all the essential KSA 
requirements 

Primary training in Emergency Medicine with additional board 
certification in Aerospace Medicine (AM) covers 89% of 
the anticipated competencies, the most comprehensive training of the 
four specialties combined with AM.  

Aerospace Medicine training alone covers 38% of the KSAs, but in 
combination covers: 84 % with General Surgery; 82% with Family 
Medicine; 76 % with Internal Medicine

With greater experience on the new and challenging clinical 
requirements for long duration space flight, terrestrial training 
programs will be well suited to evolve and meet the anticipated clinical 
needs of deep space missions and to fully prepare ExMOs for the 
clinical care needs of astronauts. 

Limitations: ACGME requirements were written broadly, and the core 
curriculum requirements were not uniformly detailed, making rigorous 
direct comparisons problematic . Similarly, this research did not take 
into account individual physician expertise or experience, which may 
impact the ExMO selecƟon process. 

A NASA-convened group of medical experts created a list of the clinical knowledge, 
skills, and abilities (KSAs) required to manage anticipated medical events occurring 
during long duration space missions for the Informing Mission Planning by Analysis of 
Complex Tradespaces (IMPACT) preliminary evidence library. (1) 
In this project the physician level KSAs were analyzed against the core curriculum 
requirements as denoted by the Accreditation Counsel of Graduate Medical Education 
(ACGME) for five medical specialties. In addition, the American Board of Emergency 
Medicine Core Curriculum and American Academy of Family Physicians Residency 
Curriculum Guidelines provided additional detailed requirements. 
The ACGME requirements for the specialty of Aerospace Medicine are exceptionally 
broad and specific competencies from a specialty board or professional society are not 
readily available, leading to the use of expert opinion as a reference for the capabilities 
of an Aerospace Medicine trained Physician. 
This analysis provides a data driven comparison of skills in each specialty that can be 
analyzed against the expected KSAs needed for success for each Mission’s anticipated 
medical needs. These skill sets also enable the ability to analyze gaps in physician-
CMO’s individual experience to identify additional mission specific training needs as 
well as skills maintenance and just-in-time training both pre-mission and in-flight.


