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ABSTRACT

Space travel is becoming a reality in our lifetime. When there is an
acute shortage of neurologists worldwide (Ganapathy, 2015), dis-
cussing neurological changes in outer space could be considered
outlandish. However, we need to be future ready. Understanding
neurological changes due to microgravity and radiation expo-
sure will eventually help improve understanding of neurobiology
on earth. In an earlier publication (Ganapathy, 2018), the author
demonstrated that Telemedicine has made distance meaningless.
Closely monitoring health parameters in real-time and providing
health care to astronauts and space tourists presupposes a basic
knowledge of how various systems in the human body will be-
have in faraway space. Questions raised from constant exposure
to zero gravity makes us think out-of-the-box. Fundamental issues
are now being questioned including the influence of gravity on the
central nervous system (Ganapathy, 2019). This communication
essentially simplifies the complex technical global literature on this
subject, making it easier for the interested reader.

Keywords: Neurology and microgravity, neurology and space trav-
el, space medicine, neurological changes in space

Cambios neurologicos en el espacio exterior

RESUMEN

Los viajes espaciales se estan convirtiendo en una realidad en nues-
tra vida. Ante la grave escasez de neur6logos a nivel mundial (Ga-
napathy, 2015), hablar de los cambios neurolégicos en el espacio
exterior podria parecer descabellado. Sin embargo, debemos estar
preparados para el futuro. Comprender los cambios neuroldgicos
debidos a la microgravedad y la exposicion a la radiacion contri-
buird a mejorar la comprension de la neurobiologia en la Tierra.
En una publicacién anterior (Ganapathy, 2018), el autor demostrd
que la telemedicina ha hecho que la distancia carezca de sentido.
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Monitorear de cerca los parametros de salud en tiempo real y brin-
dar atencién médica a astronautas y turistas espaciales presupone
un conocimiento basico de cémo se comportan los diversos sis-
temas del cuerpo humano en el espacio lejano. Las preguntas que
surgen de la exposicion constante a la gravedad cero nos impulsan
a pensar de forma innovadora. Actualmente se cuestionan cuestio-
nes fundamentales, como la influencia de la gravedad en el sistema
nervioso central (Ganapathy, 2019). Esta comunicacién simplifica
esencialmente la compleja literatura técnica global sobre este tema,
facilitandole la comprension al lector interesado.

Palabras clave: Neurologia y microgravedad, neurologia y viajes
espaciales, medicina espacial, cambios neuroldgicos en el espacio.
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Objective knowledge in the area of extra-terrestri-
al neurosciences for a non-specialist. An

he primary objective of this com- earlier publication on this subject had
T munication is to give an over- primarily catered to medical and surgi-
view and summarise the current cal neurologists (Ganapathy et al., 2019).
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Methods

his is not a formal meta-analy-

sis of all published papers, using

specific key words from various
data bases. This is a review of a num-
ber of articles and case reports of var-
ious neurological clinical conditions,
identified in astronauts, who spent
considerable time outside the confines
of the earth. Experimental laboratory
investigations, in a space simulated en-
vironment, have also been studied. The
author, a neurosurgeon with almost five
decades of clinical experience, after a
few interactions with NASA Flight sur-
geons and astronauts, has shortlisted
areas, clinically relevant. This submis-
sion is neither qualitative, quantitative,
comparative, mixed, collaborative, ac-
tion-oriented, critical in substance nor
a research submission.

Introduction

umans are the most adaptable

species on earth, able to live in

vastly different environments.
Space is the ultimate frontier challeng-
ing human adaptive capabilities. How-
ever, human cognitive and perceptual
motor performances are not designed
for the hostile environment in space
(McGregor et al., 2023). In the last 65
years, space exploration has advanced
human knowledge. From 1961 to Au-
gust 2024, a total of 685 individuals
from 41 countries have spent 48,947
person days in space over 1,290 space-
flights. Nineteen medical emergencies
(nonfatal) have been documented in
these “super healthy” astronauts. Rus-

sian cosmonaut Oleg Kononenko has
spent more than 1,000 days in the In-
ternational Space Station on 5 missions
in space. Several private organisations
have announced plans to commence
space tourism. Space tourists are less
likely to be “super healthy” NASA’s ref-
erence mission to Mars is expected to
last 1,100 days. Adverse cognitive, be-
havioural, and mental health problems
need to be considered. Social isolation,
immobilization, and altered gravity can
have profound effects on brain plastici-
ty, associated with spatial navigation
(Stahn & Kiihn 2021). Understanding
cerebral changes that occur when trav-
elling beyond Earth’s gravity would
make space travel safer.

Extra-terrestrial Radiation
and the Brain

azquez (1998) pointed out that

future space missions would in-

volve long-term travel beyond
the earth’s magnetic field. Radiation
hazards include solar flares, galactic
cosmic rays, altered gravitation fields,
and physiological stress. Biological ef-
fects of extended exposure to high-en-
ergy heavy ions on the nervous system
are not clear, though laboratory studies
suggest an oncogenic potential of galac-
tic cosmic rays.

Extra-terrestrial
Neuropharmacology

harmacokinetics and pharma-
codynamics of usage of drugs
acting on the nervous system in
space have yet to be studied. Medica-
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tions are administered on the assump-
tion they act, as on Earth. Decreased
drug and formulation stability in space
could influence the efficacy and safety
of medications (Kast et al., 2017).

Extra-terrestrial
Neurophysiological changes

eightlessness, electromag-

netic fields and radiation

found in Space could in-
fluence structure and function of the
Central Nervous System (CNS). Phys-
iological changes occur during and
after long-term spaceflight, including
neuro vestibular disturbances, cephalic
fluid shifts, cardiopulmonary pressure
modifications, alterations in sensory
perception and proprioception, psy-
chological disturbances and cognitive
changes. Animal studies show altered
plasticity of the neural cyto architec-
ture, decreased neuronal metabolism in
the hypothalamus, and changes in neu-
rotransmitter concentrations.

The acute and chronic effects of
hypobaric exposure upon the brain in a
microgravity setting has been evaluated
(Sherman & Sladky, 2018). These in-
clude Decompression Sickness, which
may progress to severe neurological
or pulmonary symptomatology. The
brain (confusion, memory loss, visual
changes, diplopia, scotomas, headache,
seizures, vertigo, unconsciousness),
spinal cord (dysesthesias, paresthesias,
constriction and pain around the chest
or abdomen, ascending paralysis, bowel
and bladder incontinence) and periph-
eral nerves (fasciculations and pares-

thesias) can all be affected by hypobaric
exposure during space travel. Cortical
reorganization in an astronauts brain
after long-duration spaceflight has been
documented (Demertzi, 2016). Differ-
ences were found in functional con-
nectivity between the motor cortex and
cerebellum in the resting state. Changes
in the supplementary motor areas were
observed during a motor imagery task.
These results highlight the underlying
neural basis, for the observed physio-
logical deconditioning due to space-
flight. Preliminary spaceflight studies
have shown involvement of cerebellum,
cortical sensorimotor, somatosensory
areas and vestibular pathways.

Extra-terrestrial Effects of
Gravity on the Nervous System

hort-term effects of micrograv-

ity on neural control have been

studied during Low Earth Orbit
missions. Consequences of prolonged
microgravity and space radiation needs
to be studied at the molecular, cellu-
lar and tissue levels. Microgravity in
space affects every single organ and
body system in different intensities and
manner, during short- and long-term
missions. Kohn (2018) has stressed
the importance of understanding im-
pact of reduced gravity on the nervous
system. This is essential for ensuring
human survival in hypogravity envi-
ronments of Mars and the Moon. Per-
sistent modulation in the sensory and
motor systems and resulting structural
loss of muscle and bone mass have been
reported. In addition, there is recalibra-
tion of sensory perception, vestibular
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and proprioceptive functions, changes
in muscle synergies and coordination,
decline of muscle force, changes in
posture control, locomotion and func-
tional mobility. These adaptations are
of clinical relevance. Russomano et. al.
(2015) have pointed out that the appli-
cation of lower body negative pressure
partially reverses the headward shift of
blood and body fluids occurring in mi-
crogravity. This reduces cardiovascular
deconditioning and has been applied as
a countermeasure during spaceflights.
Fujii et al. (1992) emphasize that effec-
tive treatments depend on understand-
ing mechanisms by which microgravity
adversely affects the nervous system.
Ataxia, postural disturbances, percep-
tual illusions, neuromuscular weakness,
fatigue, and ocular changes have been
attributed to the effects of micrograv-
ity. They play an important role in as-
tronaut health and re-adaptation to the
terrestrial environment. Murthy et al.
(1992) have discussed increased intra-
cranial pressure in humans during sim-
ulated microgravity.

Extra -terrestrial Intracranial
Hypertension

paceflight-induced  intracranial
Shypertension is a distinct clini-

cal phenomenon. Spaceflight-in-
duced visual pathology is a manifesta-
tion of increased intracranial pressure
(ICP) (as on earth). Mechanisms pos-
tulated include an upward shift of body
fluids, venous outflow obstruction,
blood-brain barrier breakdown and dis-
ruption to CSF flow. NASA coined the
phrase “Visual Impairment and Intra-

cranial Pressure [VIIP] syndrome” to
describe optic-disk edema and elevat-
ed intracranial pressure in astronauts
returning from the International Space
Station (Zhang & Hargens, 2018). This
clinical entity has now been renamed
as Spaceflight Associated Neuro-ocu-
lar Syndrome (SANS). Understanding
SANS has become a high priority for
NASA in view of future long-duration
missions. Wostyn and Devyn (2017)
emphasise that the Optic Nerve Sheath
response to the rise in ICP during ex-
tended microgravity exposure may help
determine, whether or not an astronaut
is susceptible to developing ophthalmic
changes of SANS. A strong relationship
between body weight and the subse-
quent development of ocular changes
in space has been reported (Buckey et
al.,, 2018).

Lawley et al. (2017) have reiter-
ated that raised ICP is the most mission
critical medical problem identified in
manned spaceflight. Astronauts often
develop impaired vision, resembling
syndromes of elevated ICP on Earth.
Gravity has a profound effect on fluid
distribution and pressure within the
human circulation. ICP over 24 hours
in microgravity is slightly above that
observed on Earth, accounting for the
remodelling of the eye in astronauts.
It is postulated that the human brain
is protected by daily circadian cycles.
Studies have reviewed a spectrum of oc-
ular and cerebral responses to extended
microgravity exposure. 300 post-flight
questionnaires documented that approx-
imately 29% and 60% of astronauts on
short-duration and long-duration mis-
sions, experienced a degradation in dis-

173



Space Education and Strategic Applications Journal

tant and near visual acuity (Lee et al.,
2016, 2017). Kramer et al. (2015, 2012)
have documented MR derived cerebro-
spinal fluid hydrodynamics as a marker
and a risk factor for intracranial hyper-
tension in astronauts exposed to micro-
gravity. This infers a downregulation in
CSF production in a microgravity en-
vironment, which is upregulated upon
return to normal gravity.

Space Headache: A New
Secondary Headache

eadaches are a common com-
plaint during spaceflights
(Vein, 2009), usually attributed

to space motion sickness (SMS) In one
study of 17 astronauts, 12 (71%) had
experienced at least one headache epi-
sode, only in space. Most headache ep-
isodes (76%) were not associated with
symptoms of SMS, migraine or tension
headache. Spaceflight appears to trigger
headaches in otherwise “super healthy”
males. This has led to the identification
of a distinct clinical entity “Space Head-
ache” Wilson et al. (2011) propose that
headache of high altitude and micro-
gravity is similar to clinical syndromes
of cerebral venous hypertension.

Extra -terrestrial Effects on
the Neurovestibular System

uring spaceflight the gravita-
Dtional force (normally acting
on earth) stops acting, result-
ing in a variety of clinical symptoms.
This includes space motion sickness,

postural illusions, sensations of rota-
tion, nystagmus, dizziness, vertigo, sali-

vation, epigastric discomfort, vomiting,
apathy, lethargy, sleepiness, fatigue,
weakness, headache (especially frontal)
and reduction in muscular coordina-
tion and performance (Graybiel, 1979).
NASA has identified a potential risk of
spatial disorientation, motion sickness,
and reduced performance in astronauts
during re-entry and landing of the pro-
posed Orion crew vehicle. Angular ac-
celerations of the crew vehicle during
re-entry were simulated. The group that
was given Autogenic-Feedback Train-
ing Exercises (AFTE) had significantly
reduced clinical problems (Cowings,
2018).

Imaging studies of brain
following space travel

RI brain imaging of astro-
nauts on return to earth indi-
cate structural neuroplastici-

ty. Compensatory neurogenesis counter
weighs expected normative volume loss
with age. White Matter Hyperinten-
sities have also been linked to cortical
and subcortical functions, particularly
executive function, processing speed,
and overall cognition along with mo-
tor/gait function (Sherman & McGuire,
2015). Changes in volume of the central
sulcus and CSF spaces at the vertex, and
vertical displacement of the brain have
been documented. Cine clips showed an
upward shift of the brain after long-du-
ration flights besides optic-disk oede-
ma. Mission duration is a key factor in
space flight-associated imaging changes
in brain MRI. Structural and function-
al changes occur both in the primary
regions and in integration of those re-
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gions during higher-level functions.
They could represent beneficial adapta-
tions or maladaptive dysregulations to
the novel environment (Roy-O’Reilly,
2021). Ventricle expansion is propor-
tional to duration of spaceflight but
appears to taper off after 6 months in
space. Inter-mission intervals less than
3 years may not allow sufficient time
for ventricles to fully recover their com-
pensatory capacity (De la Torre, 2014).
Brain morphology, cerebral metabo-
lism, and in vivo neurochemistry in the
human brain can now be studied with
Positron Emission Tomography (PET),
Single Photon Emission Computed
Tomography (SPECT), and next-gen-
eration Magnetic Resonance Imaging
(MRI). This helps investigate alterations
occurring in the CNS due to spaceflight
(Newberg & Alavi, 1998)

Extra-terrestrial Back Pain

stronauts have a 53-68% in-
Acreased risk of experiencing
moderate to severe Low Back
Pain and a fourfold increased risk of

developing herniated intervertebral
discs during microgravity exposure and
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