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Abstract: The physiological mechanisms for releasing and resolving gravitational ischemia in the
brain, and their susceptibility to malfunction, may play an important role in a variety of neurological
illnesses. An astronaut on a space walk in a micro-gravity environment may be susceptible to
neuro-ocular symptoms associated with unopposed gravity-resistance mechanisms for partially
preventing gravitational ischemia in the brain, and for attenuating its impact—mechanisms which
may be required for normal brain physiology on Earth. Astronauts on the International Space
Station typically breathe a mixture of gasses similar in composition to what they breathed on Earth,
following the 1967 death of three astronauts, including Ed White, by fire on the Apollo 1 spacecraft,
which was carrying 100% oxygen. For the last decade, astronauts have been studied extensively
by flight physicians regarding the commonly experienced symptoms of VIIP, or ‘visual impairment
and intracranial pressure’ syndrome. In this paper, we compare VIIP syndrome to the neuro-ocular
and Parkinson’s-like symptoms which occurred during and after the 1918–1919 influenza pandemic.
The common denominator may be gravitational ischemia in the brain, and the mirror-imaging
failed mechanisms for its release (in influenza) versus unopposed gravity-resistance mechanisms
(in astronauts). Some research has suggested that astronauts may benefit from breathing oxygen
concentrations somewhat higher than 20%, and under slightly elevated pressure. These may possibly
prevent maladaptive mechanisms leading to Alzheimer’s- or Parkinson’s-like illness by compensating
for impaired mechanisms for releasing and resolving gravitational ischemia in the brain.
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1. Introduction

During the early 2020s, the concept of brain ischemia was both challenged and ex-
panded. Historically, its essential parameters have been decreased blood flow, and de-
creased oxygen (O2) tension, in parenchymal brain tissue—occurring focally, regionally,
or globally within the brain [1–3]. These were thought to be caused mostly by stenotic
and occlusive (intra-vascular) cerebrovascular disease, and to constitute a strictly patho-
logical process, resulting in strokes and in harbingers of strokes, called transient ischemic
attacks (TIAs).

Today, some investigators question whether those same essential parameters of is-
chemia are caused mostly by compressive forces originating on the exterior of blood vessels,
or at least exterior to their endothelial lining. Several have been identified, such as the
cerebrovascular constrictive effects of decreased carbon dioxide (CO2) levels (as from hyper-
ventilation) [1–3]. However, the most prominent and ubiquitous is probably gravity, which
has led some to think of brain ischemia as primarily a process of normal physiology, and
which is only occasionally pathological.
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Gravity may act as a dimmer switch that turns many cerebral electrical circuits up and
down during the course of a 24-h period — depending on body position and head tilt — or
it may not, if gravity is only minimally present (Figure 1). What remains entirely unknown
is which circuits benefit from that cyclical variation in intensity, and why [1–3]. However,
medical intervention in the future will likely utilize them.
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medical literature, to the best of our knowledge. Adapted from Wikipedia, with Creative Commons 
licensing. https://en.wikipedia.org/wiki/Ed_White_(astronaut)#/media/File:EdWhiteFirstAmeri-
canSpacewalker.1965.ws.jpg (Accessed on 20 July 2023)  

Alzheimer’s disease and Parkinson’s disease may occur, in part, as maladaptive re-
sponses to chronic cerebral ischemia, caused by unresolved gravitational ischemia in the 
brain [3]. These neurodegenerative diseases occur in an older age group, where other sys-
temic illnesses often play a role. Acute heart failure, sleep apnea, or chronic asthma [2] 
may contribute to cerebral ischemia or hypoxia—each by its own mechanisms for reduc-
ing parenchymal oxygen tension. There are associations, as well, between infectious 
agents and Parkinson’s disease. 

1.1. Neurodegenerative Diseases and Gravity in the Brain 
In mid-2022, a neurological investigator reported on infections and changes in com-

mensal bacteria in the pathogenesis of Parkinson’s disease [1]—a disease considered 
largely idiopathic. The report [1] focused on the observation that some patients have de-
veloped Parkinson’s disease after suffering from an infectious illness. Several different in-
fectious agents were associated with Parkinson’s disease, and the time lag between the 
infection and Parkinson’s disease was variable. Concurrent to that report [1], and more 
recently, several other papers [2–25] may have some relevance. 

Enclosed within the cranial vault, the brain is one of the least mobile and least acces-
sible organs in the body. The external surfaces of the brain lie still against the relatively 
hard inside surfaces of the skull. The meninges and cerebrospinal fluid surrounding the 
brain may provide some cushioning, but do not mitigate the effects of gravity. In contrast, 
the heart and lungs are continuously in motion, and they are surrounded to a significant 
degree by soft tissues [2–4]. Gravitational ischemia in the brain is induced by the mass of 
one brain component acting upon another in the Earth’s gravitational field. In any given 

Figure 1. Astronaut Ed White makes the first American spacewalk during Gemini 4 in June 1965.
Disclaimer for Figure 1: This account is based entirely on public records. The authors [JHJ and
GO] had no personal acquaintance with the astronaut, and no access to his personal medical
records. Although known to many in the general public, this case has not previously been dis-
cussed in the medical literature, to the best of our knowledge. Adapted from Wikipedia, with
Creative Commons licensing. https://en.wikipedia.org/wiki/Ed_White_(astronaut)#/media/File:
EdWhiteFirstAmericanSpacewalker.1965.ws.jpg (Accessed on 20 July 2023).

Alzheimer’s disease and Parkinson’s disease may occur, in part, as maladaptive
responses to chronic cerebral ischemia, caused by unresolved gravitational ischemia in
the brain [3]. These neurodegenerative diseases occur in an older age group, where other
systemic illnesses often play a role. Acute heart failure, sleep apnea, or chronic asthma [2]
may contribute to cerebral ischemia or hypoxia—each by its own mechanisms for reducing
parenchymal oxygen tension. There are associations, as well, between infectious agents
and Parkinson’s disease.

1.1. Neurodegenerative Diseases and Gravity in the Brain

In mid-2022, a neurological investigator reported on infections and changes in com-
mensal bacteria in the pathogenesis of Parkinson’s disease [1]—a disease considered largely
idiopathic. The report [1] focused on the observation that some patients have developed
Parkinson’s disease after suffering from an infectious illness. Several different infectious
agents were associated with Parkinson’s disease, and the time lag between the infection
and Parkinson’s disease was variable. Concurrent to that report [1], and more recently,
several other papers [2–25] may have some relevance.

Enclosed within the cranial vault, the brain is one of the least mobile and least acces-
sible organs in the body. The external surfaces of the brain lie still against the relatively
hard inside surfaces of the skull. The meninges and cerebrospinal fluid surrounding the
brain may provide some cushioning, but do not mitigate the effects of gravity. In contrast,
the heart and lungs are continuously in motion, and they are surrounded to a significant
degree by soft tissues [2–4]. Gravitational ischemia in the brain is induced by the mass of
one brain component acting upon another in the Earth’s gravitational field. In any given
head position, the ‘upper’ part of the brain (relative to the Earth’s center of gravity) is
sitting on the ‘lower’ part of the brain as a weight burden [2–4].

https://en.wikipedia.org/wiki/Ed_White_(astronaut)#/media/File:EdWhiteFirstAmericanSpacewalker.1965.ws.jpg
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For most people, their head and body orientations are vertical or upright for most of
the day and then approximately horizontal for 8 h at night during sleep. Ischemia, which
may occur in the lower layers, associated with partial collapse of vascular walls under
external pressure, can be reversed in its earlier stages. Sleep deprivation typically involves
holding the head in an upright position for a longer period of time, and it exacerbates
gravitational ischemia in the brain [2–4] (Figure 2a,b).
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Figure 2. (a) Sequential layering in an upright brain, from the bottom up (white arrows), by Lewy
bodies in Parkinson’s disease (adapted from Braak Staging), suggests a horizontal sedimentary
stratification, appearing to be influenced by gravity over time. Adapted from Wikimedia Commons,
with Creative Commons licensing. https://en.wikipedia.org/wiki/Braak_staging#/media/File:
BraakStagingbyVisanjiEtAl.png. Accessed on 27 September 2023; (b) gravity: schematic stratification
of biological tissue into pancaking layers under the influence of gravity. Lower layers incur pro-
gressively increasing weight burden from upper layers, and thus increasing compression of blood
vessels and reduction of blood flow, possibly resulting in regional ischemia; (c) opposition of thumb
to index finger.

In healthy individuals, the horizontal supine body positioning associated with sleep
helps to release (and resolve) gravitational ischemia and redistribute blood flow after a
16-hour period of vertical head positioning during the waking hours of the day. Restoration
of blood flow by fully reopening capillary vascular beds follows repositioning, and is
mediated by unloading (release) of ischemic regions [2,3].

Severe gravitational ischemia in the brain may potentially be largely preventable by
frequently changing the head tilt, just as ischemic skin breakdown, bed sores, and decubitus
ulcers are currently prevented by frequent passive changes in general body positioning by
nursing personnel, focused on the effects of gravity [2,3].

1.1.1. Ischemia

‘Ischemia’ describes the focal (and sometimes global) tissue changes that occur when
blood flow is transiently reduced, and the tissue has briefly incurred a significant lack of
glucose and other nutrients as well as gas exchange. The ‘tissue’ may be an area of skin,
muscle, brain, or almost any part of the body. Ischemia is a type of injury, with a variety of
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etiologies, both internal (intra-luminal) and external (extra-luminal) to the blood vessels
supplying the region. It may be caused by prolonged continuous regional external pressure
as from sitting in a chair—as the chair ‘pushes’ against the skin and muscle of the buttocks.
In comparison, most transient ischemic attacks (TIA’s) are caused not by external pressure
but by intravascular disease (plaques and clots inside of blood vessels) in the brain or neck,
and TIA’s cause focal (and occasionally global) neurological symptoms which typically
resolve after a minute or so. Slurred speech is focal, neurologically, and unconsciousness is
global. Ischemia is a dynamic (non-static) injury process, most early stages of which are
reversible—which correlates with a mild degree of injury, compared with injuries of lost
blood flow that progress to more severe and permanent damage (infarction)—yet ischemia
is nonetheless associated with significant intracellular changes.

The extra-vascular substrates of focal ischemia may be visually demonstrated by
directly opposing the tip of the thumb to the tip of the index finger, which if pressed
together typically reveal both nail beds blanching from pink toward white (Figure 2c). It is
not the application of pressure per se, but rather its resultant disruption in blood flow which
leads to ischemia. Gravity affects the entire bodies of those of us on the earth’s surface.
Except for a runner in mid-flight over a hurdle, gravity holds us in direct opposition to the
surface of the earth, or maybe to some piece of furniture acting as its surrogate, and except
for a ballerina doing a pirouette, those bodily areas of opposition to the earth’s surface
are mostly broad and multiple at any given time. Potential focal gravitational ischemic
lesions are always present somewhere in our skin and underlying muscles, and in normal
physiology we move our bodies around to ‘chase’ them from one area of skin to another.

A macro-analogy from obstetrics might be the mass effect of the uterus in pregnancy,
intermittently obstructing blood return to the heart through the inferior vena cava based
on its position, resulting in hypotension, and consistent with the term ‘gravid’.

An injury or metabolic insult to the nervous system may simultaneously or alternately
produce paired signs or symptoms—one ‘positive’ (displaying aberrant hyperactivity) and
the other ‘negative’ (displaying partial inactivity) in terms of the specific function of the
involved neural tissue. Common pairs include tingling and numbness, tinnitus (ringing)
and hearing loss, manic and depressive thoughts and behavior, scintillating scotomas, and
blind spots. Dream images during sleep may be a ‘positive’ symptom of gravitational
ischemia in the occipital (visual) cortex, which is typically on the ‘bottom’ of the brain
during sleep, while vision during sleep is functionally depressed, a ‘negative’ symptom.

However, why is sleep needed if changing body position from vertical to horizontal,
by itself, will release gravitational ischemia in the brain? Sleep is needed to induce (force)
people (and many animals) to lie down. Cave men did not know that they needed to lie
down so that gravitational ischemia could be released in their brains. Sleep has probably
evolved to perform many other physiological electro-chemical functions. Additionally, and
more pragmatically, it prevented a cave man from walking around in the dark after sunset
and stumbling into a pride of lions.

1.1.2. Space Flight

Some of the possible contributions of gravitational ischemia in the brain to normal
physiology may be inferred by observing what happens when gravity is removed. In 2017,
in vivo neuroanatomy and neurophysiology were assessed by magnetic resonance images
(MRI) and other modalities in 16 astronauts in the Space Shuttle Program [5]. This study
was undertaken in part to assess a common medical problem among astronauts following
longer-duration flights—then called VIIP, for ‘visual impairment and intracranial pressure
syndrome’ by flight-physicians. Fast forward to 2023, when the condition had become
known as SANS, for ‘spaceflight associated neuro-ocular syndrome’ [6]—the etiology
remains unknown, but the features of illness seem to revolve around increased intracranial
pressure.

Space flight may reveal the most immediate, prominent, and least integrated of the
brain’s natural counter-forces to gravity—which find themselves suddenly unopposed.
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Like a collection of coiled springs, accustomed to maintaining resistance against gravity,
these physiological processes may be the most available and noticeable when gravity is
removed, or when infectious agents interact with them. They may utilize physiological
processes which rely upon the continuously shifting electrolyte and metabolic gradients
caused by gravity—which may act as a dimmer switch in brain physiology, with its many
continuously rolling multi-directional effects, based on head tilting and general body
position.

Conversely, another group of space-flight-microgravity investigators looked at brief
head-down tilt in younger adults for executive function and found improvement [7]. Their
65 test subjects were not space-flight participants, and the short duration of their head-down
tilt minimized confounding problems such as cerebral venous congestion.

However, other studies of overall brain elasticity and stiffness have revealed significant
changes which often occur in old age [8]. Resulting, in part, from these changes may be a
decreased effectiveness of horizontal positioning and other sleep-related mechanisms, such
as glymphatics [9–11], which may normally help to release gravitational ischemia. These
changes may invite other, even maladaptive, mechanisms to occur, altering cerebrovascular
(and blood–brain barrier) permeability characteristics in an effort to facilitate the release
of gravitational ischemia. Some infectious agents on some occasions may play a role
comparable to that of altered elasticity or stiffness in the brain.

In older adults with primary sarcopenia, regionally decreased cerebral blood flow and
hypoperfusion were described by other investigators [12] to occur in central autonomic
‘network hubs’, including the hypothalamus which influences muscle metabolism [3],
and which are located near the base of the skull, a gravitationally dependent region
(during vertical position). These were consistent with the occurrence of ischemia, though
the investigators never mentioned gravitational ischemia in the brain, and they were
associated with the occurrence and progression of Alzheimer’s disease [12]. This autonomic
anatomical distribution is often affected in Parkinson’s disease (Figure 2). The primary
metabolic effect is decreased oxygen tension in the involved parenchymal brain tissue. The
autonomic networking effects of gravitational ischemia in the brain involving intestinal
disease were mentioned in a recent general discussion of possible gravitational influences
in irritable bowel syndrome (IBS) [13].

The study [12], which included 95 older adults, examined clinically and, with several
imaging modalities, documented decreased cerebral blood flow in the insula, anterior
cingulate cortex, subcallosal area, straight gyrus, hypothalamus, amygdala, and head of
the caudate nucleus. This was strongly associated with two other major clinical findings—
primary loss of muscle mass, and the onset and development of dementia.

These important findings [12] were not further characterized as to which of the three,
if any, played a more etiological role, while the other two were largely resultant effects.
However, regionally decreased blood flow in the brain would seem better positioned to
cause the other two. Gravity could have played a role in establishing this anomalous
blood flow pattern. The details of timing and location in the associations of sarcopenia,
progressive dementia, and regionally decreased blood flow in the brain are supportive of
an etiology which includes gravitational ischemia in the brain.

1.1.3. Infectious Agents (Influenza)

Historically, encephalitis lethargica, and post-encephalitic Parkinsonism, which oc-
curred following the influenza pandemic of 1918–1919, and which affected mostly younger
adults [1], may have disrupted the normal blood–brain barrier and glymphatic mecha-
nisms, resulting in sleepiness, a condition which others have associated with increased
gravitational ischemia in the brain. Studied for over a century, an etiological association
between infectious diseases and Parkinson’s disease has never been confirmed. The ocular
and visual phenomena which occurred in encephalitis lethargica were imperfectly similar
to the ocular and visual phenomena associated with the reduced gravitational forces in
space flight. Numerous earlier reports of short-duration (15-day) space flights have listed
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lethargy among the complaints of astronauts—but not necessarily associated with the ocu-
lar and visual disturbances, which have occurred mostly in long-duration (150-day) flights.
One astronaut was confirmed to have developed Parkinson’s disease while participating
in the Space Shuttle Program (Figure 3). Although this was only an anecdotal incident,
the astronaut was relatively young (age 42) at the time of diagnosis, and the temporal
association with space flight was strong.
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Figure 3. Astronaut Clifford in 1990. Historical medical review of a known public figure—Astronaut,
Michael R. ‘Rich’ Clifford (1952–2021). Michael Richard Clifford (1952–2021) was a United States
Army officer and NASA astronaut. As a military officer, Clifford was assigned to the Johnson Space
Center in July 1987. As a Space Shuttle Vehicle Integration engineer, his duties involved engineering
liaison for launch and landing operations of the Space Shuttle Program. Clifford was selected to join
NASA Astronaut Group 13 in July 1990. He also served in a variety of technical assignments. Clifford
logged over 3400 h flying in a wide variety of fixed and rotary winged aircrafts. He logged six hours
of spacewalk time over three Space Shuttle missions. He conducted a spacewalk while docked to an
orbiting space station—the Russian space station Mir. His total time in space was 27 days. He was
diagnosed with Parkinson’s disease in 1994 when he was 42 years old. He suspected that exposures
to pesticides used in farms and other chemicals used on car engines when he was a youngster
contributed to the early onset of his illness. After retirement from his space career in 1997, he became
an advocate for Parkinson’s disease awareness and encouraged other patients of the disease to live
life to its fullest. Film-maker Zach Jankovic, son of Dr. Joseph Jankovic who helped diagnose Clifford,
made a documentary detailing Clifford’s experiences with the disease; the short film entitled The
Astronaut’s Secret won the American Academy of Neurology Foundation’s 2012 annual ‘Neuro Film
Festival’ competition and was released in 2014. The documentary did not mention gravitational
ischemia in the brain. Clifford died from complications of Parkinson’s on 28 December 2021, at the
age of 69. Disclaimer for Figure 3. This account is based entirely on public records. The authors [JHJ
and GO] had no personal acquaintance with the Astronaut, and no access to his personal medical
records. Although known to many in the general public, this case has not previously been discussed
in the medical literature, to the best of our knowledge. Adapted from Wikipedia, with Creative
Commons licensing. https://en.wikipedia.org/wiki/Michael_R._Clifford. Accessed on 20 July 2023.
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Two other astronauts developed Parkinson’s disease later in life, years after completion
of their participation in spaceflight (Figures 4 and 5). Taken together, these cases suggest an
incidence of Parkinson’s disease much higher than in the general population, providing a
mirror image of the rash of cases of post-encephalitic Parkinsonism a century earlier.
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son’s diagnosis. From Twitter:. As reported on Twitter by7NEWS.com.au #7NEWS on 5 September
2021, Adelaide-born astronaut Andy Thomas says he is working to minimize the consequences, after
revealing he has Parkinson’s disease. One of Adelaide’s favorite sons says he suspected something
was wrong for a long time before a visit to the doctor ‘that came as a relief’. Dr. Andrew ‘Andy’
Sydney Withiel Thomas, (born 18 December 1951) is an Australian and American aerospace engineer
and a former NASA astronaut. He has dual nationality; he became a U.S. citizen in December 1986,
hoping to gain entry to NASA’s astronaut program. He is married to fellow NASA astronaut Shannon
Walker. Thomas was selected by NASA in March 1992 and reported to the Johnson Space Center
in August 1992. In August 1993, following one year of training, he was appointed a member of the
NASA Astronaut Corps and was qualified for an assignment as a mission specialist on Space Shuttle
flight crews. Total time in space: 177 days. In early September 2021, astronaut Thomas revealed his
recent diagnosis of Parkinson’s disease, through a few different media outlets [26,27]. Disclaimer for
Figure 4: This account is based entirely on public records. The authors [JHJ and GO] had no personal
acquaintance with the astronaut, and no access to his personal medical records. Although known to
many in the general public, this case has not previously been discussed in the medical literature, to
the best of our knowledge. Adapted from Wikipedia, with Creative Commons licensing.: Wikipedia:
https://en.wikipedia.org/wiki/Andy_Thomas. Accessed on: 20 July 2023.

All of these observations taken together, involving post-encephalitic Parkinsonism
and spaceflight, suggest a multi-factorial etiology for Parkinson’s symptoms, including
genetics (family history) and toxins. At the same time, we may have only a fraction of the
pertinent neurological information potentially available regarding these two groups.

One astronaut (Figure 5) had a significant high school athletic career, during which he
could possibly have incurred head injuries, which may have predisposed him to neurode-
generative disease, and this type of historical information is not available to us.
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tissue (hyperoxia). The increased pressure and oxygen bioavailability potentially have a 
variety of applications [14,15]. It may also have antimicrobial, immune-modulatory, and 
angiogenic properties. Hyperbaric oxygen is associated, as well, with a variety of adverse 
effects, some of which can be mitigated through dosage and scheduling. 

Regionally decreased oxygen tension in the brain, associated with hypoperfusion 
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Figure 5. Astronaut Sam Durrance. Dr. Samuel Thornton Durrance (17 September 1943–5 May
2023) was an American scientist who flew aboard two NASA Space Shuttle missions as a payload
specialist. Durrance was born 17 September 1943, in Tallahassee, Florida, but grew up in Tampa,
Florida. He graduated from Plant High School in 1961, lettering in American football for three years
and playing both defense and offense. He received a PhD degree in astro-geophysics at the University
of Colorado at Boulder, 1980. Durrance was a principal research scientist in the Department of Physics
and Astronomy at Johns Hopkins University, Baltimore, Maryland. He was a co-investigator for the
Hopkins Ultraviolet Telescope, one of the instruments of the Astro Observatory. Durrance logged
over 615 h in space as a payload specialist and member of the crew of Space Shuttle Columbia for the
STS-35/Astro-1 and Space Shuttle Endeavour for the STS-67/Astro-2 missions. Total time in space:
25 days. Durrance was diagnosed with Alzheimer’s disease in 2021. He died at a hospice facility in
Viera, Florida, on 5 May 2023, of complications from a fall, after battling dementia and Parkinson’s
disease. He was 79. Disclaimer for Figure 5: This account is based entirely on public records. The
authors [JHJ and GO] had no personal acquaintance with the Astronaut, and no access to his personal
medical records. Although known to many in the general public, this case has not previously been
discussed in the medical literature, to the best of our knowledge. Adapted from Wikipedia, with
Creative Commons licensing: https://en.wikipedia.org/wiki/Samuel_T._Durrance. Accessed on
20 July 2023.

1.2. Hyperbaric Oxygen

Hyperbaric oxygen therapy involves using pure oxygen at increased pressure (typi-
cally 2–3 atmospheres) leading to increased oxygen levels in the blood (hyperoxemia) and
tissue (hyperoxia). The increased pressure and oxygen bioavailability potentially have a
variety of applications [14,15]. It may also have antimicrobial, immune-modulatory, and
angiogenic properties. Hyperbaric oxygen is associated, as well, with a variety of adverse
effects, some of which can be mitigated through dosage and scheduling.

Regionally decreased oxygen tension in the brain, associated with hypoperfusion [4,12]
and gravitational ischemia [2], may be a feature in some cases of Alzheimer’s disease, which
has not been widely appreciated, and which may potentially be utilized for prevention
and treatment. Gravitational ischemia may become more accentuated than in normal
physiology, due to age-related changes in the rigidity and elasticity of the brain [8]. Oxygen
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therapy generally, administered in a variety of ways, may be beneficial in some cases of
sporadically occurring Parkinson’s or Alzheimer’s disease, or in some spaceflight situations.

Alterations in glymphatic function and in neurovascular permeability, associated with
cognitive decline in Alzheimer’s disease [9–12], may in part be maladaptive attempts to
release and resolve gravitational ischemia in the brain, partly through deposition of beta-
amyloid. Recent reports have suggested that oxygen therapy, including hyperbaric oxygen,
may have a role in both prevention and treatment of some neurodegenerative diseases,
consistent with ischemia sometimes playing a role in their etiology [14,15]. Lewy bodies and
alpha-synuclein associated with Parkinson’s disease alter blood–brain barrier permeability
in a manner which may immediately resolve gravitational ischemia in the brain, yet may
lead to adverse consequences long term, suggesting a maladaptive mechanism [16,17].

Taken together, these reports [2–17] might suggest the possibility that some infectious
agents mirror space flight in their capacity to alter neurophysiology by affecting the ability
of the brain to dissipate gravitational ischemia or to convert it to useful purposes. They and
others [18–23] imply, as well, that oxygen (including hyperbaric) may play a supplemental
role in management and in therapy in some cases.

2. Results

Even more recently, medical investigators have written [24] about the impact of asthma
on the brain—as evidenced by diffusion MRI, cerebrospinal fluid (CSF) biomarkers, and
cognitive decline. Their retrospective study shows how early brain microstructural changes
and cognitive decline may progress to dementia in patients with asthma [24]. At the
same time, they acknowledge in their discussion that we do not yet have a mechanistic
understanding of how asthma contributes deleteriously to brain health’ [24]. They mention
as well that ‘asthma is known to affect the vasculature, and vascular dysfunction contributes
to Alzheimer’s disease pathogenesis. Alternatively, hypoxia could mediate the influence
of asthma on brain health. In reality, a combination of mechanisms likely give rise to the
relationships reported here’ [24]. These observations may be consistent with recent reports
describing gravitational ischemia in the brain.

A number of other studies have now reported that spaceflight alters human brain
morphology [4–6,22,25]. One recently [25], in its introduction, reported that spaceflight
induces an upward shift of the brain within the skull, resulting in cortical crowding and
narrowing of the sulci at the top of the brain. These findings suggest that longer time
in microgravity results in greater cortical crowding at the apex of the brain, and greater
compensatory ventricular volume expansion following 6-month flights.

Mirror-Imaging Dynamics of Gravitational Ischemia in the Brain
Normal gravity-resistance mechanisms in the brain likely involve cerebral arterial

pressure, cerebral venous pressure, and CSF pressure, as well as the exhalation phase of
the breathing cycle—all working in concert to push the brain ‘upward’ (against gravity),
regardless of the body position and head tilt. In standing (vertical) position, net brain
movement is toward the mid-sagittal suture of the skull (Figure 6). Furthermore, one
consideration is the shelving structures in the brain which limit its movement. These
include the falx cerebri, cerebellar tentorium, diaphragma sellae, and the base of the skull.

During spaceflight in a micro-gravity environment, these gravity-resistance forces are
unopposed. They remain unopposed throughout spaceflight, and possible contribute to
the brain structural changes observed by investigators [25]. They also likely contribute to
VIIP clinical syndrome [26,27]. A detailed mechanism is unknown.

The mechanism for VIIP and Parkinson’s symptoms in astronauts is probably ischemia,
at least in part [28,29]. It is the reverse of gravitational ischemia and is caused by the brain
being pushed into the apex of the skull. There is no built-in physiological mechanism for
this ischemia to be resolved or released during spaceflight.
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All of this stands in contrast to what may have happened during the influenza pan-
demic of 1918–1919, when the release and resolution of gravitational ischemia in the brain
was likely disrupted by processes related to the presence of the influenza virus. This was a
failure of the mechanism to release and resolve gravitational ischemia in the brain.

Creating a three-dimensional picture of the degree of gravitational ischemia in the
brain in different brain locations in a single position would itself be a project for a com-
putational neuroscientist. Then, adding in different head positions and time increases
its complexity.

Our collective understanding of gravitational ischemia in the brain is important
because we have the tools to fix problems that require only re-positioning and oxygen.

3. Discussion

It has been suggested that the extra-vascularly derived compressive gravitational
ischemia in the brain may have much more quantitative significance than does the stenotic
/occlusive intra-vascularly derived occlusive cerebrovascular disease (causing strokes),
and, as such, it may play a large role in normal brain physiology (sleep) and only occa-
sionally be involved in pathophysiology (including amyloid deposition). Other recent
observations regarding alterations of neuroanatomy and neurophysiology during and after
space flight [22], together with related clinical symptoms, suggest that fluctuating cyclical
regional gravitational ischemia in the brain is not only normal for humans, it may also
be necessary.

What will be the direction of future research relating gravitational ischemia in the
brain to Alzheimer’s- and Parkinson’s-like illness? There are several possibilities, and some
of them may revolve around measuring oxygen tensions at different foci in different parts
of the brain, as a reflection of relative blood flow and ischemia. These may utilize new
technologies together with existing procedures. Tissue-integrating, bioresorbable life-time-
based phosphorescent oxygen sensors [28] may possibly be a useful tool in this regard.
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Another may be invasive epilepsy monitoring with a grid of subdural electrodes,
which has been a standard diagnostic procedure for decades [29]. However, the addition of
oxygen sensors into the grid at foci corresponding to the electrodes may yield information
about a gradient of ischemia (possibly correlating with gravity). Furthermore, blood
oxygen-level-dependent MRI is now available with high spatiotemporal resolution [30]—a
potentially important feature, as oxygen levels vary over time during changes in head
position. These may potentially be related specifically to Parkinson’s-like illness, using
functional near-infrared spectroscopy (fNIRS) [31].
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