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Effects of Space Flight on Human Bodly:

OTOLITHS IN INNER EAR

FLUID REDISTRIBUTION

CAUSES HEAD CONGESTION %S;g;‘%S‘FFERENTLY CHANGED SENSORY
AND PUFFY FACE INPUT CONFUSES BRAIN,
CAUSING OCCASIONAL

DISORIENTATION

Radiation increases
risk for cancer

LOSS OF BLOOD PLASMA
CREATES TEMPORARY ANEMIA
ON RETURN TO EARTH

\

WEIGHT-BEARING BONES
AND MUSCLES DETERIORATE

KIDNEY FILTRATION RATE
INCREASES; BONE LOSS MAY
CAUSE KIDNEY STONES

FLUID REDISTRIBUTION
SHRINKS LEGS

TOUCH AND PRESSURE
SENSORS REGISTER
NO DOWNWARD FORCE






Gravity detection is old and dates back at least 600 million years ago
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S.T. Moore et al. / Acta Astronautica 56 (2005) 867—-876

Impact of spaceflight on the

otolith system?
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J Neurophysiol 115: 3045-3051, 2016.
First published March 23, 2016; doi:10.1152/jn.00065.2016.

Decreased otolith-mediated vestibular response in 25 astronauts induced by
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long-duration spaceflight
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Vestibular Otolith response (Ocular Counter Roll)
for 1st Time and Frequent Flyers
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Error bars: = 1 SE
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Ocular counter-roll 1s less affected in experienced versus novice

space crew after long-duration spaceflight
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Objectives BRAIN-DTI

ESA project/Roscosmos - initiated in 2009

Determine biomarkers of neuroplasticity in vestibular signal
processing using the model of microgravity and by means of
advanced MRI techniques

Obtain knowledge on how astronauts adapt to microgravity by
comparison of their brain before and after spaceflight

Gain insight in which specific regions of interest (ROI) are
involved in spatial disorientation, vertigo and convergence of
otolith and semicircular canal signals.

Understand mechanisms of (lacking) neuroplasticity in patients
with vestibular dysfunction and the elderly.



BRAIN-DTI (2009)

Aim: Study impact of spaceflight on the human brain with MRI
methods

Preflight MRI 6 months in space Postflight MRI Follow-up MRI
Avg -3 months Avg +9 days Avg + 7 months




3 MRI modalities

Diffusion MRI (DTI,...)

—>nerve fibre Functional MRI and resting
orientation , state fMRI
(front to back, .

left to right,

Measure blood oxygenation as
. . . marker for neural activity
Anatomical MRI - volumes of MRI images segmented into (blood-oxygenation level

. . . dependent: BOLD signal).
grey matter cerebrospinal fluid white matter. Courtesy of Stefan Sunaert






PREFLIGHT .

Courtesy Steven Jillings
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- frontlers published: 18 February 2022

in Neural Circuits doi: 10.3389/fncir.2022.815838
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Brain Connectometry Changes in
Space Travelers After Long-Duration

Spaceflight
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Fig 2 - Tracts Associated with changes post minus preflight. Increasing quantitative anisotropy (QA) shows tracts
increasing in the middle cerebellar peduncle, lemniscus, and corpus callosum (FDR-0.0033) (A). Decreasing QA shows

changes in the frontal lobes, corpus callosum, and cerebellum (FDR-0.0009) (B). Blue indicates superior - inferior. Green
indicates anterior - posterior. Red indicates left - vight

A: Increasing Q
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Different Spaceflight-Associated Changes in
the Perivascular Spaces of Astronauts and
Cosmonauts
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Lee et al., Jama Neurol.,
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GM remodeling

Koppelmans et al., NPJ Microgravity, 2016
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Summary of structural changes

Upward brain shift
Narrowing of sulci
Crowding of GM tissue

Spaceflight-
associated neuro-

Mader et al., Ophthalmology, 2011
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Space Associated Neuro-ocular syndrome (SANS)

2. Increased ventricle volume.....

Dural Sinus
{Venous Bloood)

1. Headward fluid shift

Sub Arachnoid
Space

Choroid Plexus
(Site of CSF
Preduction)

Lateral Wentricle

- Fourth Ventricle

) - Spinal Cord
Papilledema | |

-~ Sub Arachnoid Space

Sub Arachnoid | (Spinal Canal)
Space \

Optic Foramen

3. Elevated ICP transmitted to eye and optic nerve Increased Optic
Hyperopic Shifts e enored Nerve Sheath

‘|:[C P Diameter

Cornea

’ Scotoma " > -
5 _ = Ciliary body Optic nerve
Altered Blood =~~~ Choroidal
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Perivascular spaces (PVS)

Tubular fluid-filled structure around the blood vessels penetrating the
brain parenchyma

Clearance of waste products from the brain: the glymphatic system

Brain parenchyma L csE

Para-antenal
Penetrating
™ artery CSF infiux

Neuron ———1____

Para-
% aneral

[ £ ke :
Fid1eLs \
o '/_'.4.-4 2 , o
L) ~Fy T : y
9 .- . » - '4
Y 2. A, . - ' .
v Y A Py P 1l
EaRasy A N s :
Pl Loads. e | i
SRR \ AQPY —=
fac Y Ty § 3 .
, e LY ]
A A7 \ ; Y/
1 RS 4
| Yoyl { p
ok ) < & }
o At \
i %
|
o

% .

W Fy AS"OCYTE/ "nv“r

‘."t‘-.’ \.‘ o ‘-'.’ ‘ VaSOJlal’ ‘,——\_/l IS.F
Bty et T endieet

’ 35 PSS SV S Mestre et al, Clin Sci, 2017
Dyt .}"{r '-_«P__ o _',:"‘:.r'. ~ AL g

s, S REAE £ o
3 A~ -y T e ARG
PR Y S BT T O I .fqix:ﬂ

Okudera et al, Neuropathology, 1999.




Study Design

3D Tl-weighted MRI

data (Imm isotropic resolution)

41 long-duration spacetlight
on ISS

7 short-duration spaceflight
on Space Shuttle

13 age-matched controls on
Earth

LONG-DURATION SPACEFLIGHT GROUP

Preflight MRI Launch Landing Postflight MRI

Mission on ISS
/A /.

(~6 months)

ESA &%4

@/24

/13

SHORT-DURATION SPACEFLIGHT GROUP

Preflight MRI Launch Landing
NASA @ 7 A
S
.
CONTROLS ON EARTH

Postflight MRI

Mission on Space Shuttle
/ /.
(~2 weeks) ‘

First MRI Second MRI

l
(~1 year) e

Controls (e
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Results

Control Roscosmos NASAISS: NASA [SS: SANS NASA: Shuttle

Non-SANS
Flight Group

PVS volume changes are higher in NASA ISS astronauts compared with Roscosmos

cosmonauts



White matter PVS

Before After
long-duration spaceflight long-duration spaceflight



Basal ganglia PVS

Before After
long-duration spaceflight long-duration spaceflight



Preflight MRI

Preflight MRI
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Subarachnoid space at the vertex (VSA)

Before After
long-duration spaceflight long-duration spaceflight



Preflight MRI



Lateral ventricles (LV)

Before After
long-duration spaceflight long-duration spaceflight
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Preflight MRI %
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White matter PVS
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What is the difference between NASA and
Roscosmos crew?
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Take home messages

- Artificial gravity is essential for the health of space crew
 The level of AG however is not determined

 Dose response studie are needed to establish the needed AG
« Brain and ocular issues need to be solved



Acknowledgments: cosmonauts and astronauts taking part in BRAIN-
DTl and GAZE-SPIN

Z uR
o s’
V ¢
W 708 2012 / 4,' y“? VoLkee P
/6(4.,(,/), ///QL./J ’///29 S0 (JDou

/’
24
0. T W2 B‘f / c
u [k
22, 12. 204 r”
f 1%
('//}/O/V/O/V







	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Astronauts returning from space
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: BRAIN-DTI (2009)
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Tractography
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Space Associated Neuro-ocular syndrome (SANS)
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36: What is the difference between NASA and Roscosmos crew?    
	Slide 37
	Slide 38:        LBNP - Chibis
	Slide 39: ARED
	Slide 40
	Slide 41
	Slide 42
	Slide 43: Take home messages
	Slide 44
	Slide 45


