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Astronauts Ed Mitchell and Alan Shepard had to walk to a crater located within a mile from their landing
module. Having nearly reached the target destination, they had to abort the assignment because of spatial
disorientation. They were just 30m away from the target crater.

(Stahn and Kiihn, 2021)
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Habitat Design
Sleep/Rest Schedules Social and Personal Space

Meaningful Work Exercise

Workload Relaxation
Psychological Food -— S
Counseling K/
Plant Growth

Family Support
Expedition Duration

Team Building VR Sensory Stimulation

Learning Videogaming
Entertainment

(Stahn and Kihn, 2021)
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Possible Hazards:
Isolated and controlled confinement (ICC)

[ Decline in mood, cognition, morale..
[ Sleep disorder
Isolated confined and extreme O Depression
environments (ICE). 1 Behavioral or cognitive conditions
[ Elevated stress hormone level -> alter immune system
. NASA Extreme
The Human Exploration Environment Mission
Research Analog (HERA) Operations (NEEMO) | .
Mcmurdo Station Palmer Station ANSMET
NASA’s Johnson Space Center, Houston
Undersea Research Station, Florida N J

Antarctic Stations
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During the Long Way to Mars: Effects of 520 Days of
Confinement (Mars500) on the Assessment of Affective
Stimuli and Stage Alteration in Mood and Plasma
Hormone Levels

v Yue Wang'?, Xiaolu Jing®, Ke Lv?, Bin Wu?, Yangiang Bai®, Yuejia Luo®, Shanguang Chen®*, Yinghui Li**
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Radiation: microglial activation

Hippocampus

Iba-1 % area
(Fold Change from 0 cGy)
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Just in male animal
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impaired recognition
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(Krukowskia et al, 2018)
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Brain Morphological Changes

Narrowing of the
central sulcus
occurred in 17 of 18
astronauts after
long-duration

flights and in 3 of 16
astronauts after
short-duration
flights

18 Astronauts Long duration

. 16 short Duration

(Roberts et al, NEJM, 2017)
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Preflight - postflight

Microgravity-induced
upward brain shift inside the skull

Difference

<114 ¥

7 months after landing on earth
oradual recovery of CSF distribution

@ @ & . (Jillings et al, 2020)
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Grey Matter Changes White Matter Changes
GM VF Postflight vs. Preflight WM mVF Postflight vs. Preflight

Rage

Follow-up vs. Postflight

Raaee

<014 0

>0.14
Cerebellar and motor areas plasticity

<-0.14 0

>0.14

CSF volume decrease in superior region, cause
crowding of the GM tissue o
along the interface with the sulci (Jillings et al, 2020)
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Volumetric changes: effects of flight duration and previous flights
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Structural connectivity: 520 days isolation (analog) Reduction of FA values
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(Brem et al, 2020)




sHe=
U THcalds MRI DTI changes

Mc(Govern
Medical School

The University of Texas
-

Structural connectivity in 12 Cosmonauts: Six months at ISS
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Posterior Cingulate Cortex decreased connectivity postflight

o
cosmonauts - controls
o 156
“ X -
— 3 % 210 g
" — ! _t?i ‘
s Nos " 3
0.0
Preflight Postflight Preflight Postflight
POST > PRE POST > PRE
——| ———
-5.87 T-value 0 08 -04 0.0 0.4 0. -08 -04 00 04 08
A Z-vahe

A Z-value

(Jillings et al, 2023)
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Synaptic currents
AMPA

neuron GABA
\ o 1 msec
. .\\,- i _,F}. < Spikes
Microscopic T l
A "~ \\‘.
scale Dendrites
10_rnsec
Local networks
Local field potentials
Mesoscopic
scale

Cells in a
macrocolumn ~ 8000

Macroscopic
scale

Cortical region, cm3

> 100 000-1 million

SPACE
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Amplitud

Tiempo

- Amplitud: Es la amplitud maxima que alcanza el oscilador desde el
punto de reposo

- Periodo: Es el tiempo que tarda el oscilador en completar un ciclo
completo, es decir, en ir desde un punto cualquiera, hasta volver al
mismo punto tras completar una vuelta entera.

- Fase: Es la posicion de la oscilacion en un momento de tiempo
cualquiera
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Power Spectra Analysis Functional Connectivity Analysis Network Analysis

Phase Synchronization

Amplitude Synchronization
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(H2) Lopez-Sanz, 2017 PhD disertation
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Why MEG?

Power Spectra Analysis
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Frequency (Hz)

Functional Connectivity Analysis

Phase Synchronization

Amplitude Synchronization

&

Network Analysis

Include all edges between
nodes with their respectives
weights

e

g p: Tl AW

| Binarization
v

Includes just the most relevant
edges between nodes without
weights

Lopez-Sanz, 2017 PhD disertation



M/EEG Conectividad funcional

TEORIA DE GRAFOS

Ao N P2 Dae
b Lk | \
" . . S LN
I\ i ] I\ | \ w
|® \/| | o | \ ,'/“
« A «— 1 A
N y N | y 2
N\ e \ a4
Ny s ‘,,;77;.,,1
0
Randomness

CONECTIVIDADFUNCIONALYEFECTIVA

ase synchronization: phase lag = 0°

Phase synchronization: phase lag = 0°

VAV

£ o7 SRR VI RS RN




Theta

Beta

Theta

WM Retroactive
Alfha
Beta Gamma

Control Interrupcion PLV(t) Theta Tiempo: -0.988s

Alpha

Control Interrupcion PLV(t) Alpha Tiempo: -0.988s

\ -t
/ \
L
Gamma
W/
?”{‘\‘/’ ‘l‘
Encode Recognize
Encode Recognize
|
0 1 3 5 6  Time(s)




TIMELINE - EEG In Human Spaceflight

Soyuz 3 ISS
Soyuz 4-5 N lab 1998 _
Vostok 3-6 Soyuz 6-8 STS.00 NEUROCOG Shenzhou 1;
Voshod 1 Soyuz 9 STS-9 Axiom-1
STS-95
NEUROSPAT
%924 1955 196 1975 1985 k 2015 2025
I . i
\ today
1St EEG recording
Berger H
Jena, Germany,
.. Skylab STS-78 ALTEIN
1924 Gemini7 m:ﬁ g
T™MC MIR 10 ATENA
MIR 15
1t US EEG EUROMIR 94 Shuttle-MIR
publication NASA 4
Jaspers HP NASA 5

Science, 1935

(Funke et al, in progress)

* EEG experiments without reported EEG results in literature
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EEG Space recordings timeline

Vostok Voskhod Gemini VII
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TABLE 2

Methods of recording of physiological parameters during flights of Soviet and American

spaceships

Astronauts

Physiological parameters

Kine-

Pneu- tocar- blood
ECG s (Glos EEG PGR EOG SCG

gram

Arterial Body

temper-

Pres*  ature

sure

Glenn
Carpenter
Schirra
Cooper
Gagarin
Titov

Nikolayev
Popovich
Bykovsky
Tereshkova

++++pr++++

I+ +++f+++++

+4+ 4+

o

| !
| [

|+ + +
| ++++

+A

Parin et al., 1965
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Changes in Bykovsky’s encephalogram were rather equivocal. Indices of
the a- and B-rhythme varied substantially, e.g. the a-rhythm index ranged
35 to 57% during the 1st to 4th revolutions and reached 859 at the Slst
revolution. As regards Tereshkova, her S-rhythm index lowered while the
@-rhythm index augmented during the weightless state. Both indices under-
went however substantial deviations. The a-rhythm index ranged within the
limits of 25 . mye, then increased up to 50 to

709%, and

Parin et al., 1965
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Vostok (1961-1963)

Vostok 2- Gherman Titov Vostok 6- Valentina Tereshkova

Vostok 1- Yuri Gagarin




Gemini 7, 1965

Figs. 1 and 2. Photographs of Command Pilot Frank |
man showing EEG electrodes attached to scalp (NASA p!

‘\JA N f

WVM Mm.www

DURING ASCENT: plus 5 min,

IN ORBIT: 24 hr., 27 min.



 Gemini VII (1965)

GEMINI VIl

(rn
{NASA-TM-X-£2892) GEMINI PROGRAM MISSIOF
REPORT, GEMINI 7 (NASA) 395 p

Dr. Peter Kellaway

7.2.2,1,5 Other physiological data measurements: The EEG and
rhonocardiogram records were recorded on the inflight blomedical re-
corder only. The EEC was to be recorded continuously for 96 hours
(4 days)., During the first day of flight, one lead wes detached inad-
vertently, despite the fact that the command pilot wore his helmet con-
tinuously to protect the gsensor and leads, During the second day of
flight, the remaining three leads became snagged on the electior seat
tack and were detached. An attempt by the crew {0 replace the sensors
was unsuccessful,

GEMINI PROGRAM MISSION REPORT

N79-76319

Onclas
00s18 11130
" (CHDE} I

8.10.4 Results

The experiment was terminated by the command pilot at 55:10 hours
ground elapsed time after the accidental removal of ell of the elec-
trodes. A "quick-look" exemination of the tapes has shown that usable
EEG date were obtained during the 55-hour duration of the experiment.
Analysis of the data is continuing.
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Blood Collection Belt Medilog Sleep Research Recorder (MSRR
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TIANHE (CNSA)




AXIOM-1 (Commercial Mission)







EEG in-flight recording (orange) of superior
quality compared to ground recordings.

Average EEG power spectra of resting-state
EEG data recorded with the MEEMM system
during ground-level (pre- and post-flight) and
in-flight conditions.

Solid lines represent mean; dotted lines
represent mean + standard deviation

Fiedler et al., 2023, Plos One

MEEMM (pre-flight)
MEEMM (in-flight)
—— MEEMM (post-flight)

100.78

eyes open

eyes closed 10486,

40 60
Frequency in Hz

Grand average power spectra of 120 s of EEG
data from 5 astronauts pre-flight, inflight, and
postflight.



==t
UT Healthh
Mc(Govern
Medical School

Seminal EEG data

Differences between eyes close and open

Power (dB)

Frequency (Hz)

(Cheron et al, 2006)
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(Cheron et al, 2014)



PRE-FLIGHT IN-FLIGHT POST-FLIGHT
NS
. - - I ° ) I ° ° ° ° D
5 Subjects . . » » . .
AB,C,D&F o o o o o o
-66 -42 -28 8 54 3 7 16 20
Eyes closed
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Differences between eyes closed and open in DMN Alpha band relative power between flight conditions
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Differences between eyes closed and open in DMN Alpha band FC strength between flight conditions
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Microgravity Bed-rest and in-flights EEG recording
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HBDR vs Astronauts Dataset (in-flight)
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Brain and SPACEFLIGHT

CONCLUSIONS
1. Functional and anatomical changes after spaceflights

2. Cognitive and motor performance could have a physiological EEG
equivalent

3. Reduced alpha power and connectivity during flight conditions

4. More data and research needed



ando Maesta and the team of
Cognitive and

jence at the

of Madrid, Spain

To: Prof. Fern
the Laboratory of
Computationa| Neurosc

Complutense University

Best Wishes

A Anton shkapleroV
s Ji Soyuz Ms-19/15S-66

/74‘

oY ME.
‘0/7 KAy,

x

“ POCCV\V\CK\A\?\ f
CETMEHT




	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26: Generación de la actividad cerebral 
	Diapositiva 27: Oscilaciones y ritmos cerebrales
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33: EEG Space recordings timeline
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37: Vostok (1961-1963)
	Diapositiva 38
	Diapositiva 39: Gemini VII (1965)
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50
	Diapositiva 51: Data Quality
	Diapositiva 52
	Diapositiva 53
	Diapositiva 54
	Diapositiva 55
	Diapositiva 56
	Diapositiva 57
	Diapositiva 58
	Diapositiva 59
	Diapositiva 60
	Diapositiva 61
	Diapositiva 62
	Diapositiva 63
	Diapositiva 64
	Diapositiva 65
	Diapositiva 66
	Diapositiva 67
	Diapositiva 68
	Diapositiva 69

