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Unigue Opportunities f
@ Medical Provid
« Consider
— Challenging, changing caree
— Extreme environments

— The people you meet
— Overall purpose
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Extreme Environn
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then 9/11/2001



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



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



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

o= =S
- = -

Apollo, Space Shuttle, and ISS &
Launch/Landing Support g
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Space Medici

 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 Origi
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~ NASA FS Roles & Resp

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
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NASA JSC Flight Surg

« 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”)
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NASA JSC Flight Surge

« 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

§-31 312l 3
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ISS Crew On-Orbit

The Integrated Medical System (US an
three basic concerns:

1) Physiological countermeasures to adve
2) Environmental monitoring and counterm
3) Medical monitoring and countermeasur
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Physiological effects of Short- an
Space Flight on the Humze

Space Motion Sickness (SMS)
Neurovestibular
Cardiovascular
Musculoskeletal
Immune/Hematopoietic system

Gynecological
Behavioral/Psycho-social

‘\\ S ;
STS-132 Ma
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Medical Care In

Although human
exposure, partic
microgravity, bas
processes remai
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Medical Care In

» 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

-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 (CMOQO) — two per crew
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ISS Medical Capabilities

Hospital

Polar Ops

Submarine

Ambulance

Everest

Diagnostics Therapeutics Communica

- Curr
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Medical Event or System by ICD9* Category

Space adaptation syndrome 788 42 2
Nervous system and sense organs 318 17.0
Digestive system

Skin and subcutaneous tissue

Injuries or trauma

Musculoskeletal system and connective tissue

Respiratory system

Behavioral signs and symptoms

Infectious diseases

Genitourinary system

Circulatory system

Endocrine, nutritional, metabolic, and immunity disorders

*International Classification of Diseases, 9th Ed.

Medical Events in US Astronauts during space:
STS-1 through STS-89, April 1981 to Jai
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RESEARCH ARTICLE

Risk of Herniated Nucleus Pulposus Among U.S.
Astronauts

SMITH L. Jor
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decrement at a BAC of 0.05% and0.10% are mdicated on the right hand axis. Errorbarsindicate  + one s.em.

Dawson, D. and Reid, K. Fatigue, alcohol and performance impairment. Natu ‘i i
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S Crew On-Orbit

R
-

Surgeon Console-
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« Space iIronment

Reduced or Micro / Zero Gravity

EVA Extravehicular Activity (Spacewalks)

- Vacuum (Pressure D)- Decompression Sickness
- Micrometeoroids / Orbital Debris
Interplanetary microbial life (?7?)

« Space Craft Environment

Toxic Atmosphere

Thermal

Isolation and confinement
Noise and Vibration

Closed loop environment (life support)
Payloads and construction activities
Waste production

. . . R
« Space Mission Environment

Remoteness and time passage / communication delay
Flight activity (propulsion, G-forces, impacts)
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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

Mission Reference Exposure (mGy)

ISS Expedition X  Crew Mission Reference Exposure

— MRE: 31.7 mGy asof March 26,2016 |——— AdonLevel 2~

,,,,,,,,,,,,

& Preflight
e Projection -
Range

1SS Reboost / Altitude Change

S W

Date (2015-2016)
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Physiological Disturbanc

G-transitions

ISSUES:

Postural and gait instability
Visual performance changes
Manual control disruptions
Spatial disorientation

Motion sickness
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Space Shuttle Launch/Lan
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DoD medical support ("AIRDOC
Shutt‘]issions, Kennedy Spac
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Shuttle Launch/Landin

MCC-Ho
— Flight on
— 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 Consi
post landin

« Crewmembers return to 1g
with 1-2 L loss of plasma
volume

— Equivalent to class Il
hemorrhage

 Tx N/V with %2 to % normal
dose of phenergan

« Avoid succinylcholine and
other depolarizing agents
which cause T K+

« Avoid Epi/NE and pavulon
which can T myocardial stress
through chrono/ionotropic
stimulation

4 September 2018
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Post-flight reconc

4 September 2018
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RESEARCH ARTICLE

Musculoskeletal Injuries and Minor Trauma in
Space: Incidence and Injury Mechanisms in

U.S. Astronauts

SchEumNG LA, MarsERs CH, JONES JA, wea ML Musouloskelrtal
injerics and miner frawma in space: incidence ard fufrery mecharisms
im LIS, nsrwuru:rs. »lvhl Space Environ Med '-‘W'P Bl

ASA ASTRONAUTS face a variety of occupational
hazards throughout their career. In addition to the
risks inherent to space travel, astronauts perform physi-
cally demanding tasks in unfamiliar enviro nmants.
Coupled with bone and muscle mass loss due to the ef-
fects of microgravity on the human body, one could hy-
po ze that astronauts may be at increased risk for
sustaining musculoskeletal injuries while conducting
space operations. Indeed, anecdotal reports from astro-
nauts and postlight mission di_bl’it‘f‘l‘li;‘i in all NASA
spaceflight programs support this theory, as many astro-
nauts have noted in-flight musculoskeletal injuries.
However, until recently, our understanding of these in-
juries was based prlmanh on anecdotal raports, with-
out evidence-based data ko support thase claims.
Jennings and Bagian conducted a study examining
the terrestrial-based orthopedic injury hl.-wr'. of astro-
nauts during the period of 1987 to 1995 (3). The authors

Ariation, Space, rerircumeretal Medicire = Val. 50, Ne. 2

RicHarn A, Scapunineg, CHances Ho MaTasus,
FE

= Februgry 2009

AND Many L. Wear

A Jon

found astronauts sustained numerous frackures, serious
ligament, cartilage, or soft tissue injuries, resulting in 28
orthopedic surgical pr.xodun_adunn.?t period. Knea
injuries accounted for 19 of the surgical interventions,
while running, skiing, and basketball were the activities
maost frequently associated with injuries. The authors
recommended the hiring of full-time personal trainers
and the designation of a facility for training purposes at
Johnson Space Center, both of which are now in place as
manifestad in the Astronaut Strength, Conditioning, and
Rehabilitation (ASCR) program. Jennings and Bagian
racognized the importance of understanding the mecha-
nism of injury or trauma, noting that it was “time to
mave beyond documentation of injuries and treatment
to providing 2 program that strives to prevent or miti-
gate training-related injuries.” This important study is
often cited in discussions regarding musculoskeletal in-
juries and prevention in astronauts, but did not address
mn-flight occurrences.

An article printed in the Longitudinal Study of Astro-
SAH) newsletter in December 1999 axam-
ined the musculoskeletal injury rates of shuttle astronauts
batween Shuttle Transport S' tem (5TS)-1 and ST5-89
(12). The authors found an owvarall greater in-flight
injury rate among astronauts than comparison parnn-
pants in the LSAH. Intersstingly, they also found a
threefold higher injury rate within astronauts’ mission
penod, defined as 1 \'I'"ITI.’ﬂlght to 1 yr postflight, versus
the rate outside the mission pdm!d_ This raised ques-
tions as to how much of this increase was atiributad o
preflight training, postflight injury due to deconditioning,
or in-flight injury.

We know that astronauts sustain injuries during the
preflight pericd, especially during training sessions in
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The Apollo Medical Operations Project: Recommendations to
improve crew health and performance for future exploration missions
and lunar surface operations
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Abstract

Introduction: Medical requi s for the future crew explorati vehicle (CEV), lunar surface access module (LSAM),
vehicular activity (EVA) suits, and Lunar habitat are cumrently being developed within the exploration architecture.
ch is known about the vehicle and lunar surl : e= during Apollo, relatively little is known about whether the
ment impacted crew hes . Also, inherent to prnp()k.d
s is the potential sk of injury to crewmembers. The S n at the
ed a study in December 2005 to identify llo mission issucs relevant to medic
impacting crew health andfor oals of this project were to develop or modify muj]ul
r new vehic L for future access, and share relevant Apollo information
with various working groups participating in the
M A review of medical operations durd
or crew factors were identified duri
d.llJ'u.“. The '~r\.||n1|nar\. review resulted in 285 guestions. The questions were posed to surviving Apollo crewmembers using
ns, of online interactions.
uts (64%) participated in the project. This effo
5, habitats, EVA suits, and lunar surface operations.
T(J date, the Apollo ‘duj](.ﬂ Op

ations recommendations arc being

an invaluable res: . We will continue soliciting I'I_.'.'Ll from this
the future exploration missions.
Published by Elsevier Lid.

Keywords: Apc Lunar surface operations; Moon; EVA; Astronauts

1. Introduction

* Paper OS10-4-HIS 07 ADBS presented at the 16th International
Academy of Astronautics, Beijing, China, May 20-24,

The Apollo Program. which began in January of

* Comre author. Tel: +1 281 483 0760; . h
fax- +1281 487 1966, was composed of 18 missions: 12 crewed mis-
E nm.'..ld‘_rm1 ichard.a scheuring @nasa.zov (RLA. Scheuring). sions (including the Apollo 204 mission with Virgil

H-5T65
iz 10, 1

sag front matter Published by El
ctaastro.2007.12.065
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Physiological Issues in Par

« Apollo lunaf 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 Train

* Each training run is approxi
duration

* Training EVA: Spaceflight

» Suit pressurized to 4.3 psi/
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Extravehicular activit
nit (EMU) Training

« 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

e 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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ness, Wellnhess a

S&

mWellhess

Measurements:
-Blood Pressure
-Body Fat
-Bone Density
] -Cholesterol

uSickness Flexibility
-Muscle Mass
-Etc

4 September 2018
RVCOM 2018
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VASA EVA Funetional Capacity Evaluation (FCE) and Work Hardening Program
Development Effi

z e fi nal ta
functional abilities of an emy
iti

Backgroun

4 September 2018

RVCOM 2018
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Astronaut Selection

« 2013: over 6,000 applicant

« 2017: approx. 19,000 appli
estimated 12-15 positions

* Flight medicine team perfo
on 120 finalists and in-dept
and studies in the final 50 ¢
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2017 Astronaut Selection g‘; dule %

(2
Bt

Feb 2016 June 7, 2017

N 4 ¢

439
18, 357 11,886 Highly Sii?i 50 12
Applicant ifi i inali ASCANS
Ppicants Qualified Qualified Finalists Finalists

—

0.065% selection rate (all applicants)
0.10 % selection rate (qualified applicants)
2.7% selection rate (highly qualified applicants)

Additional factors that drove up application interest included l ‘
the movie The Martian and NASA’s use of social media to “ |

advertise the job opening. |
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NASA Military Ph
Astronauts

Frank Rubio, MD Jonny Kim, MD
Army Ranger/Blackhawk Pilot Navy SEAL

/
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A
P R
|
o
?{‘



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

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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I\/||I|tary medicine is not
synonymous with medicine in the
military

— Combat Casualty Care
Course (C4)

— Tactical Combat Care — NA
Course (TC3)

— Tactical Medical Care
Course (TCMC)
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Army Aerospace

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

L

COL Rick Sche
in the Mission C
in Houston, TX
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What's Next

ISS Expedition 60/61 Jul, 2019
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ENVIRONMENTAL EXTREMES: SPACE

RICHARD A. SCHEURING, DO, M5%; JOSEF F. SCHMID III, MD, MPH

INTRODUH

DEFINITIONS

MILITARY HISTO ND EPIDEMIOLOGY

MILITARY AFPLICED PHYSIOLOGY

The Space Environment

Physiologic Effects

THE MILITARY MEDICAL OFFICER AND HUMAN PERFORMANCE OPTIMIZATION IN SPACE

Role of the Military Medical Officer

‘ Guidance to the Commanding Officer
\ s :

Announcement of Space Policy Directive 3 (SPD3) June
18, 2018 SUMMARY

RESOURCES
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Questions?
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