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risk for cancer

sans





Million years ago

Gravity detection is old and dates back at least 600 million years ago

Ref: The superiority of the otolith 
system, Ramos et al, Audiol Neurotol, 2020



Astronauts returning from space





Impact of spaceflight on the 
otolith system?
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- 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.

Objectives BRAIN-DTI
ESA project/Roscosmos – initiated in 2009



BRAIN-DTI (2009)

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



Diffusion MRI (DTI,…)

 

→nerve fibre 

orientation 

(front to back, 

left to right, 

top to bottom)

Functional MRI and resting 
state fMRI

→ functional connectivity

Anatomical MRI → volumes of MRI images segmented into 

grey matter cerebrospinal fluid        white matter.

3 MRI modalities

Measure blood oxygenation as 
marker for neural activity 

(blood-oxygenation level 
dependent: BOLD signal). 

Courtesy of Stefan Sunaert





Upward brain shift

Courtesy Steven Jillings



Tractography



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 - right
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Different Spaceflight-Associated Changes in 

the Perivascular Spaces of Astronauts and 

Cosmonauts



Summary of structural changes
Structural brain changes
Diffusion MRI analyses

CSF redistribution

Ventricular expansion

Koppelmans et al., NPJ Microgravity, 2016 

Roberts et al., N. Eng. J. Med., 2017

Lee et al., Jama Neurol., 
2017

GM remodeling

Fluid fraction changes

Upward brain shift
Narrowing of sulci
Crowding of GM tissue

Spaceflight-
associated neuro-

ocular syndrome 

(SANS)

GM morphological 
changes >> 
remodelingMader et al., Ophthalmology, 2011 
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X

Globe Flattening 

Increased Optic 
Nerve Sheath 

Diameter

Optic Disc Edema

1. Headward fluid shift

2. Increased ventricle volume

Hyperopic Shifts

Choroidal 
Folds

3.  Elevated ICP transmitted to eye and optic nerve

+ICP

Altered Blood 
Flow

Scotoma

Space Associated Neuro-ocular syndrome (SANS)

Courtesy Dr.
Christian Otto and Mark 

Shelhamer



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

Okudera et al, Neuropathology, 1999. 

Mestre et al, Clin Sci, 2017 



Study Design

 3D T1-weighted MRI 
data (1mm isotropic resolution)

➢ 41 long-duration spaceflight 
on ISS

➢ 7 short-duration spaceflight 
on Space Shuttle

➢ 13 age-matched controls on 
Earth



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

Results



White matter PVS

Before 
long-duration spaceflight

After
long-duration spaceflight



Basal ganglia PVS

Before 
long-duration spaceflight

After
long-duration spaceflight





Subarachnoid space at the vertex (VSA)

Before 
long-duration spaceflight

After
long-duration spaceflight





Lateral ventricles (LV)

Before 
long-duration spaceflight

After
long-duration spaceflight





White matter PVS
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What is the difference between NASA and 
Roscosmos crew?



Borisenko Ryzhikov

Novitsky
Pesquet Whitson

Kimbrough



      LBNP - Chibis



ARED









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-

DTI and GAZE-SPIN
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