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Risks Associated with Spaceflight

Acute In-flight effects
Long-term cancer 

risk
CNS-Cognitive

Balance Disorders
Fluid Shifts

Cardiovascular 
Deconditioning
Muscle Atrophy

Bone Loss

Drives the need for 
additional 

“autonomous” medical 
care capacity – cannot 

come home for 
treatment

Behavioral aspect of isolation
Sensory deprivation

Sleep disorders (circadian 
dysregulation)

Vehicle Design
Acceleration/Vibration/ 

Noise
Environmental – CO2 

Levels, Toxic 
Exposures, Water, Food

Decreased Immune 
Function

The effects of multiple spaceflight hazards might interact combinatorially and affect operationally relevant tasks
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Astronauts Experience Sensorimotor Deficits During 
Gravity Transitions

g-transitions 
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Planetary Surface 

Operations

Earth PostflightEarth Preflight

Transit Transit
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Exploration 
mission profile



• Severity highly variable across crews, with decreased incidence in 
repeat flyers (Davis et al, 1988)

• Difficult to predict susceptibility from terrestrial analogs
• Most promising CMs: reversing prisms (Oman et al., 1986), 

torsional disconjugacy (Markham & Diamond, 1993), 90m exposure 
to 3Gx (Bles et al., 1997)

• Symptoms alleviated by:
• Medications (e.g., IM Phenergan)
• Restriction of early activities
• Maintain familiar orientation with respect to visual environment
• Maintain contact cues

Space Motion Sickness

• Incidence inflight ~70%, developing within hours and resolving 
within 2-3 days but may persist in a few (Jennings, 1998, Reschke 
et al, 2018)

• Incidence of “re-entry sickness” on return ~30% after 1–2-week 
missions, greater after longer duration flights (100% after 6 m 
based on recent field tests)

Courtesy, Wood S
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Clark JB. J Vestib Res (2002) 11:321-322

Rank 
Order

Neurological Function 
Test

% with positive signs 
on Landing Day

1 Tandem/Heel to Toe 
Walk (eyes open)

57.0%

2 Gaze/Ocular 
Movements

55.0%

3 Dynamic Equilibrium 47.2%
4 Leg lift-Hop 39.6%
5 Standing/ Romberg 22.2%
6 Finger to Nose 19.4%
7 Dizziness/Faintness 16.5%
8 Rising from Chair 13.8%
9 Vertigo/Spinning 11.9%
10 Drift 10.2%
11 Headache 7.5%

Post-flight neurological exam
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Harm DL, Reschke MF, Parker DE (1999). Extended 
Duration Orbiter Medical Project, NASA/SP-1999-534 

High percentage of subjects experience 
perceptual disturbances (illusions of self and 
surround motion associated with head/body 
movements) during and immediately after g-
transition.

Offaxis Vertical Axis Rotation protocol

Roll-tilt perception is overestimated on R+0
No change in Ocular Counter Rolling
Clément et al. (2007). Journal of Vestibular Research 17: 209–215

Scott Wood, PI

R+0 Perceptual Disturbances: Shuttle



Sensory Organization Tests (SOT)
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Eyes
Open

Eyes
Closed

Head-Fixed
Surround

Fixed
Support

Unstable
Support

Altered Vision

Altered Somatosensory
Nashner et al., J Neuroci

(1982) 2:536-544

1 2 3

4 5 6



Sensory Organization Test 5
Sharpen Tests With Head Tilts

Head
Erect

Head
Moving

Pitch
0.33 Hz

±20º

Wood et al., Aviation Space Environmental Medicine (2015)

Time constant:
 19h vs 111h  
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Unstable support
Head Moving

Long (MIR / ISS)Unstable support
Head Erect

Short (STS)

Short versus long duration



Current Operations
Low Earth Orbit
• Real-time communications (ground 

operations,  family, friends)
• Provision of crew care packages
• Evacuation options
• Cupola and photography
• Exercise 2 hours
• Large volume and private quarters
• Six month duration (to date)
• Long training & preparation period
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Behavioral Medicine Risk

Orion 
Capsule 
316 Ft3

Gateway 
Habitat

 4415 Ft3
Astronauts thrive on the ISS 

(Habitable Volume: 15,000 Ft3)

Exploration Class Missions
Deep Space

• Unprecedented duration and distance
• Limited volume in confinement and isolation
• Loss and delay of communications with 

ground
• More autonomous operations
• No re-supply
• No option for evacuation

Major Challenges

• Sleep, fatigue, workload & circadian
• Stress, conflict, mood & morale
• Selection and crew composition 
• Psychosocial adaptation & training
• Meaningful work, motivation
• Growth and resiliency
• Family connectedness and communication
• Net habitable volume, sensory stimulation
• Earth out of view
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• n=24 astronauts on the ISS 
• Reaction SelfTest (RST) – 

I. sleep timing, duration, and 
quality 

II. visual analog scale (VAS) ratings 
of behavioral states 

III. neurobehavioral performance 
(i.e. PVT-B)

Sleep Deficiency during Spaceflight and 
Neurobehavioral functions

Astronauts reported sleeping ~6.5 h in-flight. Sleep durations of 6 h 
or less are associated with slower psychomotor speed, increased 
negative somatic behavioral states, and elevated stress 

Better 
performance



Acute Effects on CNS from Space Radiation 
Exposure
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NASA Estimates each cell in 
an astronaut’s body being 
“hit” (traversed) by:
• A proton once every few 

days
• Helium nucleus once 

every few weeks
• Heavy ion (Z>2) once 

every few months

Modified from Cucinotta et al. (2002)

Galactic Cosmic Radiation (GCR)

Simonsen LC, et al., PLoS Biol 18(5): e3000669 (2020)

Doses are highly dependent 
on crew, vehicle, and mission 
parameters



G. A. Nelson, L. Simonsen, and J. L. Huff, “Evidence Report: Risk of Acute and Late Central Nervous System Effects from Radiation Exposure,” 
HRP Evidence Report, Apr. 2016. https://humanresearchroadmap.nasa.gov/evidence/reports/cns.pdf

Summary of Evidence: Space Radiation 
Simulation Rodent Studies
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• Reduction in neuron arborization and synapse number (dendritic spines) 
- Persistent reductions for > 1 year after doses of high-Linear Energy Transfer (LET) nuclei below 5 cGy

• Significantly reduced production of new neurons in brain
• Increased activation of microglia (signaling neuroinflammation)
• Deficits in neurocognitive performance for several mouse and rat behavioral paradigms 

- High-LET nuclei at low doses (<10 cGy, with 1 cGy sensitivity reported in one study)

• Minimum dose to observe performance deficits following exposure to high-LET nuclei  
depends on 
- The physical characteristics of the particles, strain, sex, age at exposure, and evaluation time after exposure
- Male mice appear to be more radiosensitive than female mice in several studies

• Preliminary evidence show that persistent compensatory process(es) may outlast radiation-
induced impairments and sequelae in male and female mice (Miry et al. 2021; Garrett et al. 
2022)



Biomarkers of Operationally Relevant 
Performance & Brain Pathways

Brain Pathways 

• Functionally distinct brain regions 
activated by the demanding sensory, 
cognitive, and motor processes 
required for sustaining performance of 
operationally relevant tasks

Biomarkers 
• behavior
• neurochemical, molecular 

signaling 
• brain structure & 

physiology

Hazard Exposure
Operationally-

Relevant 
Performance 

Outcomes

Chronic partial 
sleep restriction

Allows for translation in animal model 

• Eye lid droop
• Psychomotor 

Vigilance 
Test (PVT) 

• Dual task 

Brain regions and networks affected by sleep 
deprivation:

Attention and working memory - frontoparietal network 
(FPN)
Arousal – thalamus
Default mode network (DMN) - collection of brain areas, 
including midline frontoparietal regions

Sleep-rested state: Stable reciprocal inhibition between task-
related FPN activity and DMN activity and sustained 
ascending arousal input from the thalamus

Sleep-deprived state: Unstable reciprocal inhibition between 
task-related FPN activity and DMN activity, and erratic 
ascending arousal influencing thalamic activity.

Krause et al., Nat 
Rev Neuroscience 
2017 18(7); 404-
418

Control of Robot on International 
Space Station



Effects of Spaceflight on Operational 
Performance



Manual Control and Dual Tasking

Pre                      Inflight                      Postflight              

Bock et al. (2010), courtesy Dr. Bloomberg JJ
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Dual tasking increases error in manual control during periods of adaptive change – 
implications for cognitive reserve

RMSE: Root mean square error for manual control
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• Reaction time on the docking 
simulation slowed over two months 
in space

• Performance on a Soyuz docking 
simulation was associated with an 
increase in sleep pressure markers, 
using EEG, when reaction times 
were slower

Petit et al. (2019)

Sleep Pressure Markers Associated with 
Reduced Performance During Spaceflight

Theta power topographical distribution
 (5-7 Hz)• Sleep pressure markers during 

wakefulness were measured in five 
astronauts throughout their 6-month 
ISS mission using 
electroencephalograph (EEG) 
recordings during the performance of 
a Soyuz docking task

Visuo Motor Task



Functional Mobility after Long-Duration 
Space Flight

PI: Jacob Bloomberg
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Functional Mobility Test

Preflight R+1



Functional Mobility after Long-Duration 
Space Flight

Time to Complete Course (TCC) Percent Recovery

Recovery of functional mobility to 
95% of preflight level took 15 days.  

N = 18

Functional Mobility Test

20



Functional Task Test

PI: Jacob Bloomberg
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Functional Task Test

Seat Egress and Walk

Recovery from Fall/Stand

Rock Translation

Jump Down

Functional tasks with a postural equilibrium challenge show the greatest change shortly after Shuttle landings (n=7)

PI: Jacob Bloomberg



Field Test: Early Postflight Testing after Long 
Duration Spaceflight

PIs: M. Reschke, I. Kozlovskaya

JSC

Soyuz 

Landing

Rally Airport 

If Required

Refuel 

Airport

JSC, Star City

Star City

Medical Tent

R+1h R+4 h R+12 h R+24 h R+7dR+4d

Sit-to-stand

Recovery from Fall

Tandem Walk

Eyes Open (EO)
Eyes Closed (EC)



Field Test: rookies vs veterans & 
Dragon vs Soyuz landings

Tandem Walk

Eyes Closed (EC)

Recovery from Fall
Sit-to-stand

PIs: M. Reschke, I. Kozlovskaya

Walk and Turn 
task 

Turn rate

Time to stability
Time to stability

# of correct steps



Recovery curves: Functional Tasks
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Tilt perception versus manual control

Scott Wood, PI



Driving Simulation after 6 Months on the 
International Space Station

Postflight increases in: # of lane crossings, time in wrong lane and time to return to correct lane.

Manual control function shows decrement after gravity transitions following long duration missions.

28(PI: Moore & Wood); Moore et al. (2019); Courtesy Dr. Wood
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J. J. Bloomberg, M. F. Reschke, G. R. Clement, A. P. Mulavara, and L. C. Taylor, “Evidence Report: Risk of Impaired Control of 
Spacecraft/Associated Systems and Decreased Mobility Due to  Vestibular/Sensorimotor Alterations Associated with Space flight,” 
HRP Evidence Report Jun. 2016. https://humanresearchroadmap.nasa.gov/evidence/reports/SM.pdf

Summary of Evidence
 Operational Performance

• Postural control and mobility function show decrement after gravity transitions during short 
and long duration missions (e.g. egress task)

• Manual control function shows decrement during and after gravity transitions following 
short and long duration missions (e.g. landing, driving, docking)

• Reduced cognitive reserve may relate to the commonly experienced “space fog” - cognitive 
and perceptual changes that manifest as attention-lapses, short-term memory problems, 
spatial disorientation, and confusion when performing tasks; affecting in-flight performance 
(e.g. manual control)

• Increase in occurrence of sleep pressure markers and related to in-flight performance (e.g. 
docking tasks)
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Effects of Spaceflight on Brain 
Structure and Function

30
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Meaghan Roy O’Reilly, Mulavara AP, Williams Thomas, A Review of 
Alterations to the Brain During Spaceflight and the Potential 
Relevance to Crew in Long-Duration Space Exploration npj 
Microgravity, January 2021

Alterations to the Brain During 
Spaceflight
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“Neuromapping” Experiment
Persistence of Alterations to the Brain after 

Spaceflight

Spatial Cognition & Orientation

Processing Speed & Manual Control

Balance & Vestibular Function

Functional Performance Brain Structure & FunctionMAP
1. Structural MRI 
2. Diffusion weighted MRI (dMRI)
3. Functional MRI –

1. Short Term Working 
Memory

2. Vestibular Stimulation
3. Dual Task Performance
4. Motor Adaptation
5. Resting state functional 

connectivity
Short Term Working Memory – Brain 

mapping during mental rotation 

Card RotationCube Rotation – 
match to sample

Rod and Frame – 
field dependency

(PI: Seidler) 
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Spaceflight Associated Ventricular 
Expansion

Ventricular expansion with 
flight; incomplete recovery by 

6/7/12 months postflight

Roberts et al. (2017, 2019)
Riascos et al. (2019)

Ombergen et al. (2019)
Kramer et al. (2020)

Hupfeld et al. 2020. Cereb Cortex Comm.
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Effects of Flight Experience Difference 
Study: Current flight duration

 

McGregor et al., Sci Rep. 2023 Jun 8;13:7878
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Effects of Flight Experience Difference 
Study: Inter-mission intervals

McGregor et al., (in preparation)

Post-flight ventricle volume changes associated with inter-mission intervals 
– recovery of expansion capacity 

McGregor et al., Sci Rep. 2023 Jun 8;13:7878
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Spaceflight Associated Extracellular 
Fluid Shifts: Brain Free Water 

Changes• Free-water is 
defined as self-
diffusing water 
molecules that do 
not experience 
restriction or 
hindrance from their 
surrounding

• Free water 
parameter is 
expected to measure 
molecules that are in 
the extracellular 
space, ventricles, 
and around the brain 
parenchyma

Pasternak et al., 2009 Hupfeld et al. 2020. Cereb Cortex Comm.
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Spaceflight Associated Brain White 
Matter Microstructural Changes

Lee et al., JAMA Neurol. 2019 Apr 1;76(4):412-419.

Changes of Axial Diffusivity (ADT) and Sensory 
Organization Test (SOT) 5M Balance Score

Changes of Axial Diffusivity (ADT)  associated with 
balance control

Decrease in Fractional Anisotropy (FA)

Increase in Radial Diffusivity (RD)

• Fractional anisotropy (FA): decrease, right superior 
and the inferior longitudinal fasciculi, inferior fronto-
occipital faciculus, the corticospinal tract, the inferior 
and middle cerebellar peduncles.

• Radial Diffusivity: increase, white matter structures 
underlying the precentral and postcentral gyrus, the 
supra marginal gyrus, and angular gyrus

Areas:
• visuospatial 

processing, 
• vestibular 

function, 
• movement 

control
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Widespread pre- to post-flight decreases in cortical suppression during vestibular stimulation
Hupfeld et al., Cerebral Cortex, 2021;00: 1–15

Brain Activation During Vestibular 
Stimulation After Long Duration Spaceflight

right pre-central gyrus

MRI Protocol: T2-weighted echo-planar imaging sequence to collect the vestibular fMRI scans: TR = 3.66 s, TE = 
39ms, f lip angle = 90◦, FOV= 250 x 250mm,matrix = 94 x 94, slice thickness = 4 mm, slice gap = 1 mm, voxel size 
= 2.66 x 2.66 x 5.0 mm3, 36 axial slices, 66 volumes.



• Cerebrospinal fluid (CSF) in the subarachnoid space also 
flows into the brain parenchyma through the periarterial 
spaces surrounding the penetrating arteries

• Once in the brain parenchyma, CSF exchanges with interstitial 
space fluid (ISF), eventually returning to the cisternal CSF 
along the perivenous pathway

• Perivascular exchange of CSF and ISF along what has been 
termed the “glymphatic pathway” plays an important role in the 
removal of cerebral interstitial solutes and wastes

MRI-visible Peri-Vascular Space (PVS)

• N = 15 astronauts, ISS

• T1 weighted MRI: 
MPRAGE, TR = 1.9 s, TE = 2.32 ms, flip 
angle = 9º, FOV = 250 x 250 mm, slice 
thickness = 0.9 mm, 176 sagittal slices, 
matrix = 512 x 512, voxel size = 0.488 x 
0.488 x 0.9 mm = 0.214 mm3.

• White matter PVS identification: 
Auto detection and manual verification by 
single trained rater - Piantino et al. (2020, 
2021), Schwartz et al. (2019)

Hupfeld, Richmond, et al., 2022

• PVS - facilitate fluid drainage and brain homeostasis



Hupfeld, Richmond, et al., 2022 
Scientific Reports

• Novice astronauts show an increase in total PVS volume from pre- to post-flight, whereas experienced 
crewmembers did not

• Significant positive correlation for experienced astronauts between more previous flight days and greater PVS 
median length at baseline

• The presence of spaceflight associated neuro-ocular syndrome (SANS) was not associated with PVS number or 
morphology

MRI-visible perivascular space (PVS) 
changes with long duration spaceflight



MRI-visible Peri-Vascular Space (PVS) 
Changes With Long Duration Spaceflight

Barisano et al., 2022

 

• Increased volume of basal ganglia PVS and white matter PVS (WM-PVS) after spaceflight, which was 
more prominent in the NASA crew than the Roscosmos crew.

• NASA and Roscosmos crews demonstrated a similar degree of lateral ventricle enlargement and 
decreased subarachnoid space at the vertex, which was correlated with WM-PVS enlargement.

• NASA astronauts who developed SANS had greater pre- and postflight WM-PVS volumes than those 
unaffected. These results provide evidence for a potential link between WM-PVS volume and SANS

• N = NASA - 24 ISS, 7 Shuttle; ROS & ESA –13+ ISS



Spaceflight impacts on BBB integrity -AQP4 dysregulation in 
the hippocampus of mouse brain

Changes in BBB integrity biomarkers including 
AQP4, GFAP, and PECAM-1 in the hippocampus, 
impact was less substantial in the cortex

• Spaceflight Rodent Study– 9: 
• Space-X 12 - 35-day mission
• 60 hrs post mission, brain and 

eyes recovery

Blood Brain Barrier (BBB) Integrity 
After Spaceflight

• neurofilament light chain protein was significantly 
elevated compared with preflight levels directly 
postflight, 1 week, and 3 weeks after return to 
Earth

• coherent reparatory processes, from cephalad 
fluid shift, in the brain with subsequent restoration 
of the blood-brain barrier integrity

• N = 5 cosmonauts, 20 days preflight and (1 day, 1week, 
and 21 to 25 days after landing)

• Single molecule array (Simoa) immunoassay 
quantification of neurofilament light chain (NfL), glial 
fibrillary acidic protein (GFAP), total tau, and 2 amyloid-β 
(Aβ) proteins (Aβ40 and Aβ42), hemoglobin as a control 
protein

Mao et al., Spaceflight induces oxidative damage to 
blood-brain barrier integrity in a mouse model.       

Faseb J, (2021)

Flight

Ground Control

Glial fibrillary acidic protein (GFAP, red) and aquaporin4 (AQP4, green) staining in the 
hippocampus
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Preflight Brain Morphology covariation with changes 
in functional performance postflight – Implications on 

preflight training
Recovery from Fall

Balance Control - Sensory 
Organization Test (SOT 5M)

Time to recover from falling 
post-flight is predicted by 
cortical thickness of brain 
regions involved in planning, 
execution of movement, and 
sensory perception. 

Balance performance 
(decrements) post-flight are 
predicted by cortical thickness of 
brain regions involved in 
vestibular processing, sensory 
perception, and sensory 
integration.

Regional cortical thickness 
estimates may be of use in the 
development of targeted 
countermeasures

Koppelmans et al., 2022

N=14, ISS astronauts, LSAH

T1-weighted MPRAGE sequence: 0.49 x 0.49 x 0.9 mm

T2-weighted SPACE sequence:  0.49 x 0.49 x 1.0 mm

Diffusion-weighted sequence: 1.95 x 1.95 x 3 mm, 20 non-collinear 
directions each sampled 3x, 3-volumes without diffusion weighting

Cortical Thickness Maps and Myelin Density Maps as predictors to 
postflight performance in Recovery from fall and Balance control 
(SOT5) tasks



• On R+0 nulling gain reduced by >30%.
• Performance improved with tactors.
• R+0 with tactors similar to preflight 

without.
Clément & Wood, Acta Astronautica (2013) 92:48–52

Ambiguous Tilt and Translation Motion Cues 
after Space Flight – Clément/Wood

Scott Wood, PI



Summary of Evidence - Brain Changes

45Meaghan Roy O’Reilly, Mulavara AP, Williams Thomas, A Review of Alterations to the Brain During Spaceflight and the 
Potential Relevance to Crew in Long-Duration Space Exploration npj Microgravity, January 2021

• Frequent narrowing of the central sulcus, upward shift of the brain, and narrowing of CSF spaces at the vertex, 
predominantly after long-duration flights (Roberts et al. 2019, Lee et al. 2019, Barasino et al. 2022)

• Free Water fractions in brain decreases, including large areas covering the temporal, frontal poles, around the 
orbits and may be affected by time spent during and between spaceflight missions (Hupfeld et al., 2022; 
McGregor et al., 2022)

• Ventricular expansion with flight; incomplete recovery by 6/7/12 months postflight (Roberts, et al. 2017, 2019; 
Riascos et al., 2019; Ombergen et al., 2019; Kramer et al., 2020)

• Changes in white matter microstructure can affect communication between brain regions and contribute to 
operational task performance deficits (Lee et al. 2019; Jillings et al. 2020; Doroshin et al., 2022)

• Changes in coordinated functional activation between different brain regions during task performance indicates 
neural plasticity after adaptation to long duration spaceflight (Salazar et al., 2022, Pachenkova et al. 2019, Burles 
et al. 2023)

• MRI-visible peri-vascular space changes with long duration spaceflight with potential implications for glymphatic 
clearance (Barasino et al. 2022, Hupfeld et al, 2022)

• Preflight morphological features of the cortex predicted postflight functional task deficits (Koppelmans, et al., 
2022)
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Emotion
Recognition

Matrix
Reasoning

Digit
Symbol 
Substitution

Balloon 
Analog Risk

Psycho-
motor 
Vigilance

Motor 
Praxis

Visual 
Object 
Learning E

Visual 
Object 
Learning R

Fractal
2-Back

Abstract 
Matching

Line 
Orientation

Cognition Test Battery
Spatial Cognition

Call Back Cohort Protocol

Prospective Cohort
Protocol

Objective: 
• Quantify long-term changes in ocular and brain structure that remain or 

develop long after spaceflight and to determine the functional consequences 
of those changes

Deliverable: 
• Long-term consequences of spaceflight on the eye 
      and brain

Investigating Long-term Structural and Functional Changes to the Eye and Brain 
after Spaceflight (Co-PIs: Macias B., Basner M., Bershad E., Seidler R., Stahn A.)

Long Term Health from Multiple Stressors

CIPHER - Spatial Cognition (Co-PIs: Basner M. & Stahn A.)

Objective: 
• Effects of long-duration low-earth orbit missions on 

cognitive performance 
• Brain structural, functional and connectivity substrates 

of changes in cognitive performance
• Visuospatial brain domain changes and the biological 

basis of neurocognitive changes 
Deliverable:
• A single comprehensive set of integrated neuroimaging, 

neurocognitive data and tools

Current Tasks: Spaceflight Alterations to 
the Brain



Interactions Between Multiple Stressors

Space Radiation

Altered gravityIsolation and 
confinement

47



Combined Space Radiation and Altered Gravity 
Chronic Gamma Irradiation ± Hindlimb Unloading

4-hydroxynonenal (4-HNE) staining in the hippocampus (panel B) at 7 
days or 9 months.

Stressors: 
• Low dose gamma radiation (LDR) using 

a 57Co source (0.01 cGy/h for a total 
dose of 0.04 Gy)

• Hindlimb unloading (HLU) 
• Combination of both for 3 weeks

Water transporter aquaporin 4, astrocyte foot / endothelium 
interface marker at 9 months.
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Measurements of LDR+ HLU Effects on: 
• Mouse Brain Oxidative Stress increases (4-HNE)
• Blood Brain Barrier modified (AQP4)
• Microvessel changes

Mao et al. (2016), Bellone et al. (2016) 

Oxidative Stress biomarker BBB biomarker
Hind Limb Unloading 



Sleep fragmentation unmasks latent ATSET deficits following 
neutron and Si radiation exposuresSpace Radiation & Sleep Quality

49

Sleep Fragmentation  
Rats placed in Sleep 
Fragmentation chamber, 
Active/Sleep (Dark/Light), 
Sweep time 2 mins, Allows 
dozing but not deep (REM) 
sleep.

Neutron Radiation
The rats were exposed to neutrons 
for 15.9–18.3 h/day, N.30), total 
neutron dose: 18 cGyShip to BNL

ATSET reassessment 90 days 
post exposure. 

Pre-screen for ATSET proficiency

EVMS

SR exposure

“Good Rats” RE-
exposed to SR

ATSET reassessment

EVMS
“Good Rats” exposed 
to sleep fragmentation

ATSET – attentional set-shifting
ATRC –  attempts to reach criteria
SR –  space radiation
EVMS – Eastern Virginia Medical school
BNL –  Brookhaven National Laboratory

SD – Simple Discrimination
CD – Compound Discrimination
CDR – Compound Discrimination Reversal
IDS – Intra Dimensional Shift
IDR – Intra Dimension Reversal
EDS – Extra Dimensional Shift
EDR – Extra Dimensional Reversal

Sleep Fragmentation Chamber 
(Lafayette Instrument Co., 
Lafayette, IN)

Si Radiation
Whole-body irradiation with 600 MeV/n Si ions 5 
cGy (n = 11)

1. Under rested wakefulness conditions, no significant effect of Si or low dose neutron radiation.
2. After sleep fragmentation rats showed a significant increase in the ATRC :

• for the IDR, and EDS stages of the ATSET test after Si radiation
• for the IDR stage of the ATSET test after low dose neutron radiation
• IDR deficits are not typically induced after SR exposure

Attention Shift assay modeled after the intra-
dimensional /extra-dimensional component of the 
Cambridge Neuropsychological Test Automated 
Battery (CANTAB) – testing complex decision 
making cognitive function (Humans & Primates) 



Future HRP Brain Health & Countermeasure Projects

Adaptive Training Variable Practice
• Mars Adaptive TRaining-Integrative 

Knowledge System (MATRIKS)

• Multi-Environment Virtual Training for Long 
Duration Exploration Missions

PI: Anderson, University of Colorado Boulder
Approach:
• Multi-environment VR training for Entry/landing/descent; 

Habitat maintenance; EVA

• A Haptic Sensory Supplement to Optimize In-
Flight Adaptive Training for Human Control of 
Spacecraft Robotic Arms

PI: Robinson S., University of California Sandiego 
Approach:
• Augment ROBoT training via haptic and visual feedback

https://taskbook.nasaprs.com/tbp/index.cfm?action
=public_query_taskbook_content&TASKID=14612

https://taskbook.nasaprs.com/tbp/index.cfm?action
=public_query_taskbook_content&TASKID=14631

PI: A. Stahn/C. Jones, University of Pennsylvania
Approach:
• 6-DOF docking simulation trainer

https://taskbook.nasaprs.com/tbp/index.cfm?action=
public_query_taskbook_content&TASKID=15661

https://taskbook.nasaprs.com/tbp/index.cfm?action=public_query_taskbook_content&TASKID=15661
https://taskbook.nasaprs.com/tbp/index.cfm?action=public_query_taskbook_content&TASKID=15661
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Decoupling functional connectivity between Left Middle Occipital Gyrus and Left 
Supramarginal Gyrus improved Card Rotation Accuracy

Card Rotation – a paper and pencil test, 120 
presentations, rotate 2-dimensional shapes to match

Functional Connectivity During Task Performance and 
associations with Card Rotation task

Short Term Working Memory – Brain 
mapping during mental rotation 

functional connectivity 

Salazar et al., Cerebral Cortex, 
2023, 33, 2641–2654 



Spaceflight Neuroplasticity – Task based
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• The severity of space motion sickness symptoms correlated with a measure of 
connectivity between the right supramarginal gyrus and the left anterior insula.

• Down weighting of vestibular signals, upweighting of other sensory information
functional  connectivity 

modifications 

right posterior supramarginal 
gyrus & Left anterior Insula

Pechenkova E, et al., 2021 Frontiers Physiology

left orbitofrontal cortex, insula & 
operculum



• Patients (n = 10) with 
acquired chronic bilateral 
vestibular loss (BVL) develop 
a significant selective 
atrophy of the hippocampus 
(16.9% decrease relative to 
controls)

• The same patients exhibited 
significant spatial memory 
and navigation deficits that 
closely matched the pattern 
of hippocampus atrophy

(Brandt et al., 2005)

Control Subject

BVL Patient

Vestibular loss and spatial memory



Brain Pathways 

• Functionally distinct brain regions 
activated by the 
demanding sensory, cognitive, 
and motor processes required for 
sustaining performance of 
operationally relevant tasks

Biomarkers 
• behavior
• neurochemical, 

molecular signaling 
• brain structure & 

physiology

Hazard 
Exposure

Operationally-
Relevant 

Performance 
Outcomes

Biomarkers of Brain Changes
• Biomarkers include behavioral, physiological and biological indicators
• multi-modal approaches assessing longitudinal changes may be more reliable and discriminating


