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Unique Opportunities for Military  

Medical Providers

• Consider

– Challenging, changing career

– Extreme environments

– The people you meet

– Overall purpose
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Challenging, changing career
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Can Transition 

From Calm …

To Chaos

in minutes

Extreme Environments
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Small town family practice/sports 

medicine doc in rural Illinois
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then 9/11/2001…
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Free travel anywhere in the world…
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Apollo, Space Shuttle, and ISS 

Launch/Landing Support
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Space Medicine

• One Definition:

Space medicine combines 

many medical specialties to 

examine the effects of 

spaceflight on humans and 

prevent and treat problems 

associated with living in the 

unique, isolated, and extreme 

environment of space. 

In other words, you get paid 

to think

Star Trek, The Original Series, Paramount Television, 1968
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NASA FS Roles & Responsibilities

• Critical mission tasks 

– Medical certification of 

astronauts for training and 

missions

– Medical care of astronauts 

and their families

– Support during medical 

consultations

– Military astronaut selection 

exams

• Operational mission tasks

– Medical support for space 
missions

– Oversight of crew and flight 

controller medical training

– Medical support to crew 

members prior to launch

– Monitoring EVAs

– Participation in 

contingency/rescue management 

during launch and landing

– Being part of the flight control 

team in the mission command 

center
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• Aircraft Operations 
Directorate (AOD)
– Perform all pilot, engineer 

annual flight physicals, 
aeromedical summaries, and 
occupational medical 
intervention

– Provide medical input as 
part of a mishap 
investigation team

– Fly with aircrew as MO

– Provide medical 
recommendations for aircraft 
h/w, policies and procedures

– Medical support of the 
Reduced Gravity Office 
(“vomit comet”)

NASA JSC Flight Surgeon Duties
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• Research

– Serve as medical monitor 

for all astronaut research 

protocols

– Independently supports 

clinical and operational 

research studies involved 

in space medicine

– Supports exploration 

space mission effort with 

medical device 

technology development

NASA JSC Flight Surgeon Duties
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Integrated team
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ISS Crew Pre-flight Training
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ISS Crew On-Orbit Support

The Integrated Medical System (US and Russian)  covers 

three basic concerns: 

1) Physiological countermeasures to adverse spaceflight impacts

2) Environmental monitoring and countermeasures

3) Medical monitoring and countermeasures
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Physiological effects of Short- and Long Duration 

Space Flight on the Human Body

• Space Motion Sickness (SMS)

• Neurovestibular 

• Cardiovascular

• Musculoskeletal

• Immune/Hematopoietic system

• Gynecological

• Behavioral/Psycho-social
STS-132 May, 2010
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Medical Care in Space

Although human physiology is altered by 

exposure, particularly long term exposure, to 

microgravity, basic metabolic and physiologic 

processes remain largely unchanged

As a result, medicine can 

be practiced along the 

same general lines as on 

earth, with many of the 

same devices.

Vs.
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Medical Care in Space

• Crew Medical Officer 

(CMO)

– Limited training

– Air-to-ground 

communication limits

– Limited resources

• MCC Flight surgeon

– Limited time to “work the 

problem”

– Requires evidence-based 

resources within arms 

reach
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Medical Care in Space

• -Focus is prevention of illness, 

infection, pain

• -Can support life threatening 

emergency, to some degree

• -Medical care is provided by the 

Crew Health Care System 

(CHeCS) for the ISS

• -Surgeon is responsible for 

training the Crew Medical 

Officers (CMO) – two per crew

VS.
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Hospital

Polar Ops

Submarine

Ambulance

Everest

Diagnostics    Therapeutics   Communication  Evacuation   Personnel

Current Capabilities

ISS Medical Capabilities Comparison
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Medical Events in US Astronauts during space shuttle missions 

STS-1 through STS-89, April 1981 to January 1998
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On orbit medical issues

Back Pain
• Postural change with 

stretching of tendons and 
ligaments. 

• Increase in on-orbit height by 
2-6 cm

• Etiology?
• IVD/VEP changes

• Thoracolumbar myofascial 
changes

• Facet 

• Anterior longitudinal ligament
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Scheuring, RA, Moomaw, RC, Johnston, SL. Fatigue in US Astronauts 

Onboard the International Space Station: Environmental Factors, Operational 

Impacts and Implementation of Countermeasures. Aviat Space Environ Med. 

2015; 86(3):057.

• Heavy workloads 

• Extended duty periods 

• Circadian misalignment

• Inadequate/ineffective sleep

• Distracting background noise

• Unexpected and variable mission 

schedules 

• Unfavorable thermal control

• Unusual sleep environment with 

schedules that impinge on pre-sleep 

periods

Fatigue and Stress*

ISS EXP 4 US Lab, January, 2002 

Al Ramadi FOB,  July, 2011 
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Dawson, D. and Reid, K. Fatigue, alcohol and performance impairment. Nature, 388: 235, 1997 

ALCOHOL                        WAKEFULNESS

Keep  

EVA 

ops  

here-

3 to 16h

Legally impaired

Legally drunk

0.04 Illegal to fly: FAA

Long Hours of Wakefulness Degrades Performance

Worse

Performance
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Brightness: 300-500 lux 

Color: 4100K full spectrum

Replacement Lights ISS

Brightness: 1500 lux

Color: 6500K + emphasize blue

deemphasize red

Brightness: 50-100 lux 

Color: 2700K deemphasize blue

emphasize red

Sleep Countermeasures
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On-orbit crew timeline
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ExtraVehicularActivity (EVA)
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Surgeon Console- WFCR

ISS Crew On-Orbit Support
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• Space Environment
Reduced or Micro / Zero Gravity
Radiation (GCR / SPE)
EVA Extravehicular Activity (Spacewalks)

• Vacuum (Pressure D)- Decompression Sickness
• Micrometeoroids / Orbital Debris

Interplanetary microbial life (??)

• Space Craft Environment
Toxic Atmosphere

Alterations in Gas Concentration ( O2, CO2)
Combustion
Thermal 
Isolation and confinement
Noise and Vibration
Closed loop environment (life support)
Payloads and construction activities
Waste production

• Space Mission Environment
Remoteness and time passage / communication delay
Flight activity (propulsion, G-forces, impacts)
Circadian / Schedule changes

Hazards of Space Flight
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ISS Environment

http://gw.marketingden.com/planets/images/fullsize/mars.jpg
http://gw.marketingden.com/planets/images/fullsize/mars.jpg


Radiation

• Exposure based on orbital 
altitude/inclination, duration, and 
solar activity

• Crewmembers are radiation 
workers

– Limits for mission and career 
exposure are set by the National 
Council on Radiation Protection

• As Low As Reasonably 

Achievable (ALARA) principle for 

mission planning

• Exposure monitored by active and 
passive dosimeters
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Date (2015-2016)

ISS Expedition 46/47 Crew Mission Reference Exposure

Action Level 

Preflight

Projection

Range

Instrument Values

ISS Reboost / Altitude Change

MRE:            mGy as of March 26, 201631.7

##

US EVA 34

US EVA 35

2.9 km 1.1 km

RS EVA 42

1.5 km

X
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Toxic Products and Propellants

• Possible crew exposure to generic and payload-specific 

compounds

• Surgeon works in conjunction with Toxicology, Payloads, 

and Life Support to clean the environment and remove 

hazards

– Fire/smoke, and toxic spill procedures

– Quick Don Mask (QDM)

– Compound Specific Analyzer - Combustion Products 

(CSA-CP) ; Monitors O2, CO, HCl, and HCN

– Air sample bottles (analysis post flight only)

– Contaminant Cleanup Kit (CCK)
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Physiological Disturbances Occur 

During and After G-transitions

Planetary Surface 

Operations

Earth PostflightEarth Preflight

Transit Transit

OPERATIONAL IMPACT:

Vehicle control 

Vehicle egress

Planetary EVAs

ISSUES:

Postural and gait instability

Visual performance changes

Manual control disruptions

Spatial disorientation

Motion sickness

G-transitions G-transitions 
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Space Shuttle Launch/Landing Support
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DoD medical support (“AIRDOC”) for Space 

Shuttle missions, Kennedy Space Center, FL
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Shuttle Launch/Landing Support

• MCC-Houston

– Flight Surgeon

– Biomedical Engineer (BME)

• Launch Control Center (LCC) – KSC

– Deputy Crew Surgeon (from JSC) 

– EMS Coordinator

– Cape Biomedical Services Engineer 

(CBSE)

• LAUNCH/LANDING SITE RECOVERY AREA 
(RTLS)

– Search and Rescue (SAR)/ MEDEVAC 
helicopters

• 1DOD physician per helicopter 

• 1 PJ per flight crewmember

– KSC Launch Area Clinic

• Two ambulances with drivers and 4 KSC 
paramedics

• JSC Crew Surgeon with triage team

• One KSC physician and 2 ATLS physicians 
with triage team

• Medical consultants on call to DMCF and 
IMCF
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Physiological Considerations-

post landing 

• Crewmembers return to 1g 

with 1-2 L loss of plasma 

volume

– Equivalent to class II 

hemorrhage

• Tx N/V with ½ to ¾ normal 

dose of phenergan

• Avoid succinylcholine and 

other depolarizing agents 

which cause  K+

• Avoid Epi/NE and pavulon 

which can  myocardial stress 

through chrono/ionotropic 

stimulation

4 September 2018
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Russian LL Support

46S Launch, Baikonur, 19-Mar-16
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Post-flight reconditioning

• Dynamic stretching and 

warm-up:  R+0d

• Mobialanception: R+0d

• Medicine ball:  R+0d

• Ladder and cone drills: 

R+7d

• Jumping drills: R+21d

• Core exercises: R+1d

• Static stretching: R+0d

4 September 2018
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C-9 Parabolic Flight “Vomit Comet”

(Microgravity or Partial Gravity Simulations)

http://gw.marketingden.com/planets/images/fullsize/mars.jpg
http://gw.marketingden.com/planets/images/fullsize/mars.jpg


Publications
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Physiological Issues in Partial Gravity

• Apollo lunar crews adapted quickly 

to the 1/6g environment

– Initial unsteady gait related to EVA 

suit CG issues not neurovestibular 

dysfunction

– Forearm and upper extremity 

fatigue attributed to glove design

– Inadequate sleep, dietary caloric 

intake experienced by most 

crewmembers

– Other physiologic function 

(cardiovascular, bone) unknown

• SMS did not recur upon return to 

microgravity
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NBL EVA Training

• Each training run is approximately 6 hrs in 

duration

• Training EVA: Spaceflight EVA ~6-10:1

• Suit pressurized to 4.3 psi/100% O2
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Extravehicular activity Mobility 

Unit (EMU) Training Injuries

• Shoulder
– rotator cuff tendonitis, SASD bursitis, LHBT 

tenosynovitis, SLAP lesion, impingement 

syndrome, anterior impingment 

(subscapularis), AC joint pain, GH joint 

pain

• Elbow
– lateral epicondylitis, radial/cubital  tunnel 

syndromes

• Forearm/wrist
– Dequervan’s tenosynovitis, Extensor 

Pollicis Longus (EPL) tendonitis, carpal 

tunnel syndrome

• Fingers
– onycholysis

• Spine
– cervical, thoracic strain, lumbar spasm

4 September 2018
RVCOM 2018
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Sickness, Wellness and Fitness

Sickness

Wellness

Fitness

Measurements:
-Blood Pressure
-Body Fat
-Bone Density
-Cholesterol
-Flexibility
-Muscle Mass
-Etc

4 September 2018
RVCOM 2018
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• Match physical fitness 

training with NBL tasks to 

improve EVA performance 

(from ASCRs)
• Grip tasks- kettlebell swings, 

dumbbell crawl

• Shoulder tasks- handstand push-

ups, push press, Farmer’s walk

• Core/Back- RDL’s, axle-wheel row, 

back extensions

• Articulating portable foot restraint 

(APFR) ingress- Squats, lunges, 

box jumps

• Inverted operations- Windmills, 

battle ropes, overhead bag toss

NBL EMU Work Hardening Program

4 September 2018

RVCOM 2018
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Dumbbell “astronaut” crawl

Axle-wheel row

Stack translation

NBL EMU Work Hardening Program

4 September 2018
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Astronaut Selection Support

• 2013: over 6,000 applicants for 8 positions

• 2017: approx. 19,000 applications for 

estimated 12-15 positions

• Flight medicine team performs evaluations 

on 120 finalists and in-depth examinations 

and studies in the final 50 cut
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2017 Astronaut Selection Schedule
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NASA Military Physician 

Astronauts

Jonny Kim, MD

Navy SEAL

Frank Rubio, MD

Army Ranger/Blackhawk Pilot

Drew Morgan, MD

Army Ranger/Flight Surgeon
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How do you do it?

• Medical school

• Aerospace Medicine 

Clerkship

– NASA-JSC

• Internship/residency

– FM, IM, EM, etc

• Aerospace Medicine 

Residency (RAM)

– WSU, UTMB, Mayo

– Military
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How do you do it?

• Medical school

• Internship/residency

• Military medical 

training

– Combat Casualty Care 

Course (C4)

– Tactical Combat Care 

Course (TC3)

– Tactical Medical Care 

Course (TCMC) 

• Aerospace Medicine 

Residency (RAM)

– USASAM (Ft. Rucker)

– Flight surgeon course

• Aerospace Medicine 

Clerkship

– NASA-JSC

Military medicine is not 

synonymous with medicine in the 

military
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Army Aerospace Medicine

• The RAM program provides an 

overview of space operations 

over a 1-2 week period

• A NASA flight surgeon requires 2-

3 years of training to be qualified 

to meet certification standards to 

practice operational space 

medicine

• NASA-JSC is the only training 

facility in the US that fully trains 

and conducts manned space 

operations 

COL Rick Scheuring and MAJ Courtney Hayes on console 

in the Mission Control Center flight control room 1 (FCR1) 

in Houston, TX
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What’s Next?

ISS Expedition 60/61 Jul, 2019
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The Changing Battlefield

Fox News, Thur. 29-Mar-18                                                          Fox News, Tues. 13-Mar-18Announcement of Space Policy Directive 3 (SPD3) June 

18, 2018
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Questions?
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