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OBJECTIVES

-DISCUSS SCOPE OF NASA MEDICAL
OPERATIONS

-HIGHLIGHT UNIQUE PREVENTIVE
MEDICINE ASPECTS OF SPACEFLIGHT

-NOTE CHALLENGES FOR CARE IN
EXPLORATION CLASS MISSIONS



Medical Operations
Responsibility
To ensure the health, safety, and well being of

the Astronaut corps during all phases of
spaceflight.
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Mesponse to Spaceflight

Astronauts experience *Neurovestibular
a spectrum of
adaptations in flight

and postflight

sCardiovascular

Bone

Muscle

s |mmung

Balance disorders *Nutrition

Cardiovascular deconditioning
Decreased immune function
Muscle atrophy
Bone loss

Behavior




Hazards of Space Flight

Space Environment
— Reduced Gravity

R « Space Flight Mission
— Vacuum ) .
- — Flightactivity; Launch
and Reentry Forces
_ — Remoteness and
Spacecraft Environment communication access
— Isolation and confinement — Circadian rhythms and

— Noise and Vibration

— Closed loop environment (life support)
— Payloads and construction activities

—  Waste production

crew schedule changes
— Extravehicular Activity
(RAYAY
— Decompression Sickness



Fluid Shifts and-Blood VVolume during Space Flight

In space, with loss of the hydrostatic
gradient, some fluid quickly
redistributes toward the chest and
upper body; sensed as ‘overload’ of
circulating blood volume

On Earth, gravity exerts
a downward force,
setting up a vertical
hydrostatic

gradient. When standing,
some ‘excess’ fluid
resides in vessels and
tissues of the legs.

National Aeronautics
and Space
Administration

In space, the newly sensed
excess blood volume is adjusted
by expelling excess fluid into
tissues and cells (12% to 15%
vol reduction) and red blood
cells are adjusted downward to
maintain a normal concentration
(relative anemia)

Upon return to Earth,
gravity again pulls the
fluid downward, but now
there is a relative deficit
In both circulating fluid
and red blood cells. Tissue
edema also contributes

to a greater loss of\volume

10



Neurosensory Response

Sense of balance, position and motion result from centrally
Integrated inputs from neurovestibular system (otolith organs,
semicircular canals), vision, body position sensars, haptic sensors
(touch)

These inputs are immediately and radically altered in
weightlessness

Altered meaning of inputs leads to central sensory conflict — space

anterior'canal

motion sickness
Sickness resolves in a few days
Adaptation continues...

National Aeronautics
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Neurosensory Response

o Eventual adaptation to position sense and motion in three
dimensions without gravitational reference
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Musculoskeletal System

Bone and muscle are vital tissues that are
constantly remodeled based on physical loading

The weightless environment causes a relentless
loss (atrophy) of bone and muscle tissue
concentrated in the weight bearing regions

Physical countermeasures on ISS are very good,
but not a complete solution

National Aeronautics
and Space
Administration



Bone compartments or bone types

Cancellous "“Spongy” Bone/Trabecular Bone
PROXIMAL FEMUR

VERTEBRAL BODY

Cortical Bone/ "Compact Bone”

An example of a spaceflight adaptation that is well described but still lacks understandin
of time course, recovery, and long term risk
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Behavioral/Psycho-Social

Changes in crew mood, morale, and circadian rhythm
* Incidence - Affects all crewmembers to some degree
o Symptoms - Fatigue and irritability, performance decrements

« TiIme course - Variable

« Causes
— Work load
— Sleep habits and facilities
— Crew personalities, “crew space”, and cultural differences
— Temperature
— Noise
— Odors
— Atmosphere
— Diet
— Lack of family contact

 Treatment - Treat causes and maximize living conditions
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ce Radiation Environment

INNER RADIATI

(Protons)
SOLAR PARTICLE EVEN

(Protons to Iron Nuclei)

)
/ \ SOUTH ATLANTIC ANOMALY
GALACTIC COSMIC RADIATION (GCR) _ Spin (Protons)
(Protons to Iron Nuclei) Mi%?et'c Axis
is

Representation of the major sources of ionizing radiation of importance
to manned missions in low-Earth orbit. Note the spatial distribution of
the trapped radiation belts.






Systems ew Iraining

<C-135
”We1ght\ss Wonder,
Vomlt C&net”

Hardware Testmg and Procedure Validatio



\Dﬁelepiug Advanced Cardiac Life
Support (ACLS) algorithms for on-

orbit use and training
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In-flight support

Private Medical Conferences (PMCs) weekly, 15-minute +, 1-
on-1 conferences
— More scheduled first and last weeks of mission

Diagnosis and treatment of medical problems that develop
onboard

Analysis of fitness data

Analysis of environmental data

Analysis of sleep data

Workload and work-rest assessments
Sleep-shift analysis (visiting vehicles & EVAS)
Family Support



mﬁs & Crew Training

Shuttle Orbiter Medical System (SOMS)




Dulcolax
{oral)
Imodium
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ISLE Pressure

Profile (With Data Collection)

A

Not to Scale '
EMU Prﬁbreathe A
4 \ EVA
EMU Pre| . . . .
PHA Mask PB dD . EMU Press In-Suit PB In-Suit Exercise In-Suit PB Depress C-Lk Activities
N ) e and Purge A A A A
/ A v A \ — v Y \ v
EVA crew \ 100’ Req’d prior to Depress CCC __ *NOTE: CCC changeout
activities . SAFER Jon/ maybe optional, if NR,
45 Req’d prior to 11.8 psi 02 Suit « Prep for Dep reduce EMU PB shown
Tank Leak Out here by 15 min
60’ Settle Rate Ck P
i 50’ 15’ 40’ 30
5 ! oy i i i i
Timeline i/ HI_OI'LOII 30’ Req’d prior <5 psia
/Medical 15° 15 after CCC chgout
Req'd — prior Dep
b b
OLCVG/LTA Donning = ——
16.0
) A REEEE R NN NN AN AR EEEEEEEEEEEEEEEEEEEEEEEEEE
14.7 ! 5 .
: ’ .
12.5-11.8 WA
1 & .
0 102 sndune? ‘n
Ambient .
Pressure (psi) EMU S
Leak %
50 Check ®Cecomnnnnnnw
4.3 0
3.1
) DA e
PS| Ready tolinifiate Read . AJL repress Start |.S.L.E. End I.S.L.E.,
g Rea (\‘/ eady to termmat:: complete UIA 02 OPEN
Time start on .2 depress mask prebreathe End EMU purge PPRV
Ready to (PET = 0:08) /
mask (MET, GMT, Opens
fze =(0:00) ) initiate A/L  UIA 02 CLOSED B osi Ready to
. repress hold resume
Reach 12.5-11.8 psi hold " terminal
< (CSA-02 call-down)* CSA-02 call-down Jeslse g depress
Beginning Prebreathe complete.
Ready to initiate final 10.2 depress EMU purge Ready to initiate terminal
(PET = 0:00) depress

I\ (CSA-02 Call-down) * <§

*NOTE: Crew must

LEGEND

Light Exercise required while on PHA or Light Exercise In-suit

SURGEON must note these call-
downs and insure that prebreathe
constraints are being followed, and
should voice concurrence to FLIGHT

call-down several
CSA-02 readings to
monitor airlock O,
constraints

L On PHA mask breathing oxygen in “Emergency” Mode (>95% O,)
| Off mask in airlock
In EMU

In EMU (>99% O,)

Ambient airlock pressure (when different from EMU pressure)
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ISS EVA SYS

4.120 DCS TREATMENT
(IS5 EVA SYSITA - ALL/FIMN 5/Paper on I55)

1]

= Delarmine CET Class

Cull Class 1

Page 1 of 4 pages

2]

CUT Class 2 or 3 (Report to
MCC-H)

CUf Class 4 [Raport o
MCC-H

_Ilm

)
!

|

BOTE
DO MOT perform 4.110
POST EMERGENCY
CREWLOCK REPRESS.

aNor 1S5 sanng.
=MICC-H Tor 155 conmg
= Pamom INGRESS
(CulT Checklist page 33).

= Continue EVA

= I Symphoms resoive
upcn REPRESS go i
Cuff Class 2, biock [§

= Report to Sungeon next
PMC.

If PMIC |5 desired

= PMC on GHOZ

= COMM Mode — HL
ATUAYS)

= IV dlal GND2

= Refar to [ACLS
ALGORITHM] (SODF:
IS5 MED: ACLS), then:

!

5 |

Crewmamber conscious™

[$73] Fes

s |
Can cresmammibesr SFIEH In
Tull semMences Withiout
respir@iony dsiess?

7 [T

[ 7|

= Parform {1.240 POST
EWA} (SODF: IS5 EVA
SYS. EWA PREFIPOST),
then:
Proceed to US LAB, In
close proadmity of CHeCS
Rack (LAB1D04), and
treat aMected
crewmember per {AED
ASSISTED CPR} (S00F:
IS5 MED: BASIC LIFE
SUPPORT), then:

=<MICC-H for further action
for Incapacitated

CTEWTT2 Miber

= Perform PRE-REPRESS
portion of {CREWLOCK
DEPRESSREPRESS
CUE CARD} {SODF: ISS
EVA SY5S: EWA

parton of {CREWLOCK
DEPRESS/REPRESS
CUE CARD} {SODF: 1SS
EVA SY5: EVA
PREF/POST)

Remaln on SCLU.

per FLIGHT PLAM: do
Not parfom EWa COMM
AND AIRLOCK
ENVIRCHNMENT
DECONFIG.

Pesform DCS In-sult
Exam [BEMDS -
DECOMPRESSION
SICKNESS:

[SODF: ISS MED: A
THROUGH B).

CMO reports DS exam
‘BCOres i
MICC-H/Surgeon

Does MCC-H requine Matos

canisier changeoul™

Mo

[MANNED}} [SODF: IS5
EVA S¥S: EMU
COMTINGENCY), then:

]

I estimated time
reqa for DCS
readment exceads
Metnx canister
consumabies, a
changeout shauld
be irfid
ar [13 required,
rmirimum treatmest
IS ~3 heOurs.

@rmﬂ request a

PMC I they desine
and If Sme’ pesmits.

a Class 4 quickly.
ﬂ'ﬂimﬂ]‘l’BﬂJﬂ.‘la
o crewmember

TEprEES.



















PREVENTION STRATEGY

PREVENTION

Majority of microbial
risk mitigation occurs
before launch.

System Design
Materials Selection

Engineering controls
— HEPA air filters

— In-line water filters

— Surface disinfectants
— Water biocides

Operational controls
— Preflight Monitoring
of Environment
— Biosafety Review of all payloads

Extensive preflight monitoring

In-flight countermeasures
— Housekeeping

— Remediation

— In-flight Monitoring Schedule



Real-Time Samplers

o Compound Specific
Analyzer for
Combustion Products
(CSA-CP)

— Commercial unit

—  Electrochemical sensor
detection

—  Firstalert and source
finding capability
- 1IE\_/Iasking criteria after
ire

Carbon Dioxide
Monitor (CDM)

— Commercial unit

— Infrared absorption
used to measure
localized CO, levels
in air

Multi-Gas Monitor
(MGM)
— Continuous monitoring

of humidity, CO2, 02,
and ammonia

Tunable laser diode

of volatile o
compounds

Spectrometry

(GC/DMS)

— Sampling and a
time is 10-15 mi




US Water Recovery System

Urine

Potable Water Dispenser
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~Shuttle air filter
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&2.:;’_}0 '7’ G













Melatonin
(N-acetyl-5-methexytryptamine)

H H H O

CHzo—Kﬁrq—‘é‘Z—‘ll\l—({:—CHa

Retinohypothalamic
tract

Suprachiasmatic nucleus
(the “biologic clock”)

Superior cervical —— Q
ganglion




Spectral composition of skylight is heavily blue-weighted. ..

Peak melanopsin
sensitivity is 480
nm Peak
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A\ .
ISS Lightingland Robotics Analog
Center for Clinical Investigation, BWH




2
3
4
5
6
7
8
9
10
n

Scotoma
Altered Visual Field,
rare (1 reported)

Choroid Folds - edenTavgy
of the vascular structure of th&%eyg

Optic Disc Edema
(swelling)

Optic Nerve Distention (swelling)

64% of crew
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onaut Pettit Performs Ultrasound Eye Imaging
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Medical Tent
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and Space
Administration
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ASA 992

Capability:

« ACLS

* Expected post flight symptoms

» Basic procedures — IV placement, Foley

» Some advanced procedures — airway

« Ultrasound

» Cooler for medical and research specimens
National Aeronautics

and Space 81
Administration



Astronaut Health

® Physical
training and
rehabilitation
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