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a Organization
Dark

(Stimulation
of melatonin)

Bodinat et al. Nature Reviews Drug Discovery (August 2010)

Contact: Erin Flynn-Evans
erin.e.flynn-evans@nasa.gov




Earth Conditions

On a 24-hour external
light/dark cycle, the
body's circadian clock
remains properly
synchronized

(e.g., hormones like
melatonin are
released at the
appropriate time).

Space Conditions

On the orbiter’s
90-minute light/dark
cycle, weak interior
ambient light does not
sufficiently cue the : : : ; S
body's circadian clock, , : ; L v : !
which may then become -

desynchronized

(e.g., inappropriately
timed hormone release).

Melatonin Melatonin

Contact: Erin Flynn-Evans
WWW.Nnasa.gov erin.e.flynn-evans@nasa.gov




Houston we have a problem!
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Contact: Erin Flynn-Evans
erin.e.flynn-evans@nasa.gov
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Long Hours of Wakefulness Degrades Performance

Worse

Performance

ALCOHOL WAKEFULNESS
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Dawson, D. and Reid, K. Fatigue, alcohol and performance impairment. Nature, 388: 235, 1997
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PVT: Psychomotor Vigilance Task

Lapses of attention by healthy adults as a function of time
awake: Humans are designed for 16 h of wakefulness per 24 h
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from Van Dongen & Dinges (2000)




EEG

R Eye
L Eye
SAT

The failure to perform a simple behavioral task at the onset of sleep. The volunteer was
required to tap two switches alternately, shown as pen deflections of opposite polarity on the
channel labeled SAT. When the EEG pattem changes to Stage 1 sleep (arrow), the behavior

stops for the period indicated by the word “gap,” retuming when the EEG pattem reverts to
wakefulness. (SEMs=slow eye movement)

sueno-fisiologia Ur. Javier velazquez iocCtezLudims
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FIGURE 3. Thirty-sec sleep attacks (30 s) during PVT performance as o function of 3 dosages
of chronic sleep restriction for 14 days.
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GILIA PROLONGADA

MICROSUENOS INVOLUNTARIOS

AUMENTO DE ERRORES POR OMISION O POR COMISION
MEMORIA DE TRABAJO DECLINA Y SUS FUNCIONES EJECUTIVAS
LENTIFICACION DE RESPUESTAS PSICOMOTORAS

AUMENTO DEL ESFUERZO POR MANTENERSE FUNCIONALMENTE
ADECUADO

INCREMENTO DE LA TENDENCIA A INVOLUCRARSE EN
CONDUCTAS DE RIESGO

DETERIORO DE LA AUTOPERCEPCION SUBJETIVA DE DETERIORO

Goel N. Et al. Neurocognitive Consequences of Sleep Deprivation.
Semin Neurol 29(4): 320-339. 2009.
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Ehe New JJork Times

Astronaut Error Adds New Anxiety on Space Station

July 18, 1997
By MICHAEL R. GORDON

M OSCOW -- An astronaut aboard the Mir mistakenly disconnected a
critical cable on Thursday, disabling the guidance system that enables the space station to
gather solar energy and causing yet anotheCrisis Yor the trouble-plagued craft...

The repair mission will also because the crew has been instructed to take
several days off and get more rest. That is an implicit recognition ths believed
to have played a role in the mistake on Thursday. The Russian crew members were

reported to have had gSleepless nigh
"This was purelfhuman error,’ [Mission Director Vladimir| Solovyov said.
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in Space
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erin.e.flynn-evans@nasa.gov
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Human factors ssch as
inadequate visual displays
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significant roles in the collision
of Space Station Mir and
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Alterations in sleep and resultant
performance decrements in spaceflight
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Operational impacts of chronic fatigue in
space

* The term “space fog” has been
used by astronauts to describe a
phenomenon of

* Forgetfulness
* slowed reaction time

* transient confusion while trying to
complete tasks

* Space Fog is not a loss of
cognitive ability
* Itis a loss of the usual

environmental stimuli that
reinforce memory

@ https/ntrs.nasa.gov/search.jsp?R=20150009487 2018-06-20T20:36:05+00:00Z



Why Can’t Astronauts Sleep?

® Circadian rhythm/scheduling * Environmental Disruption?
factors? * Excitement?

® High workload leading to * Microgravity?
acute or chronic sleep loss?

Pads

. Contact: Erin Flynn-Evans
P, erin.e.flynn-evans@nasa.gov




Causes of Sleep Disturbance
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Sleep Fragmentation Affects
Sleep Quality
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FATIGUE IN U.S. ASTRONAUTS ONBOARD THE
INTERNATIONAL SPACE STATION: ENVIRONMENTAL
FACTORS, OPERATIONAL IMPACTS, AND

IMPLEMENTATION OF COUNTERMEASURES
R.A. Scheuring, R.C. Moomaw, S.L. Johnston
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Background

* Crewmembers have experienced fatigue for reasons similar to military
deployments. Astronauts experience psychological stressors such as
* 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

@ https://ntrs.nasa.gov/search.jsp?R=20150009487 2018-06-20T20:36:05+00:00Z



Etiology of chronic fatigue in space

* Interestingly, the chronic fatigue astronauts report early on in their 6-
month mission may be secondary to transitioning from a planar
environment to a 360° microgravity perspective

* These countermeasures to improve sleep duration and quality in
astronauts on the ISS have been instituted with moderate degrees of
success as measured by self-reaction time (psychomotor vigilance
task testing), actigraphy, and subjective reports.




Countermeasures
Replacement Lights ISS
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Countermeasures

* Judicious use of stimulants and
hypnotics, light therapy,
controlled sleep periods, sleep
shifting for visiting vehicle
operations or EVA, and reducing
ambient CO2 levels are a few of
the most promising
countermeasures being used in
space to improve sleep and
reduce fatigue.

@& https://ntrs.nasa.gov/search.jsp?R=20150009487 2018-06-20T20:36:05+00:00Z




Contact: Erin Flynn-Evans
erin.e.flynn-evans@nasa.gov

Sleeping in Space: An Unexpecte
Challenge for Future Mars Explorers

Erin Flynn-Evans PhD MPH
Fatigue Countermeasures Laboratory

NASA Ames Research Center
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