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Abstract

This paper aims to explore the speciality of
Aviation and Space Medicine (ASM), also
known as aerospace medicine. After introducing
the speciality and its current status within the
UK, the strong links that ASM shares with other
specialties are analysed. The paper then delves into
the physiological and psychological challenges
humans face as we look toward returning to
the Moon and eventually reaching Mars. Key
challenges discussed include space adaptation
syndrome, radiation sickness, decompression
sickness, the psychological burden of space travel,
and the musculoskeletal system’s changes in
microgravity.

Introduction

Aviation and Space Medicine (ASM) is an
extremely broad speciality. This review is not
intended to provide background information on all
challenges within the field, but rather a summary
of'a select few. ASM was recognised as a speciality
in the UK by the GMC in April of 2016.I"-% ASM
was defined in the initial 2016 curriculum as “the
study of all factors affecting the human body in
flight, in health as well as sickness and the means
by which those flying may be protected against
the potentially harmful effects of their abnormal
environment”.l'-? In later editions it was added that
“further aspects of this complex speciality include
those medical practitioners involved in the design

and manufacture of air and space vehicles as well
as doctors engaged in aeromedical retrieval of
critically ill patients, safety regulation and medical
certification”.l"? The UK’s newest speciality
encompasses areas ranging from routine pilot
aeromedical checks to space habitat and life support
systems design.

Training or consultancy posts within the speciality
do not exist within the NHS; training positions are
primarily posted by the Civil Aviation Authority
(CAA) and the Royal Air Force (RAF).) However,
QinetiQ, asecurity and defence contractor to the RAF
has recently started the process of recruiting their
first ASM trainee.* There is great scope to specialise
within ASM. Examples of civilian subspecialties
include “suborbital spaceflight, public health in
aviation, aviation oncology, and pilot disability”.
Bl Military subspecialties include “G physiology,
oxygen systems, and vision and helmet-mounted
displays”.’) Due to the commercialisation of human
spaceflight and the rapid increase in space tourism,
the line between civilian and military subspecialties
will likely become increasingly blurred before
ceasing to exist.

ASM, despite its niche nature, is closely related to a
handful of other specialities. Emergency medicine,
intensive care medicine, and primary care all share
a degree of overlap with the speciality. However, it
has been argued that no field has more in common
with ASM than anaesthetics. Hodkinson et al. state
that the “core feature of operational space medicine
entails the support and protection of human life and
physiology using state-of-the-art life support



systems. This, along with the need to consider the
challenges of critical care in austere environments,
makes this newest of specialities familiar in many
ways to those in anaesthetic practice”.”’ Optimising
a patient to undergo surgery is not dissimilar to
preparing an astronaut to withstand spaceflight.
In addition to this, anaesthetists are best equipped
to combat challenges such as hypoxia, managing
pressure differences, managing the composition of
inhaled gases, immobilisation, and the effects of
gravity, due to routinely dealing with these factors
in the operating room.

ASM also shares key elements with pre-hospital
emergency medicine (PHEM), a subspecialty that
can be accessed through anaesthetics, emergency
medicine, and intensive care medicine in the UK.
PHEM cases can vary from simple injuries and
illnesses to the most complex injuries requiring
advanced care and pre-hospital anaesthesia, often
in extreme environments. The wide range of
conditions that can arise, outside of the clinical
environment, often with limited resources is
an aspect that is shared with ASM. However, a
notable differentiating factor between ASM and
other specialities is the type of patients. Patients
are usually either commercial pilots, military
pilots, or astronauts. This means that they are
usually relatively healthy individuals who undergo
routine medical examinations. It is widely known
that ASM is concerned with the study of the normal
body in an abnormal environment, rather than an
abnormal body in a normal environment.

Space Adaptation Syndrome

Space adaptation syndrome (SAS) describes the
short-term disorientation that astronauts commonly
experience when adjusting to the environment of
microgravity.[’ It is also used as an umbrella term
that groups the typical symptoms of headache,
back pain, and facial oedema with the symptoms
of space motion sickness (SMS).!®! The symptoms
of SMS are typical to those of terrestrial motion
sickness: malaise, loss of appetite, nausea, and
vomiting.®)  Approximately 70% of astronauts
experience symptoms of SMS during the initial 1-3
days of spaceflight, with symptoms usually quickly

subsiding thereafter.”®! However, symptoms of SAS
and SMS may last for up to five days and may impact
an astronaut’s ability to operate independently
in a safe manner, and it’s for that reason that
extravehicular activities (EVAs), or ‘spacewalks’,
are not typically permitted within the first week of a
new mission.!”

Radiation Sickness

On Earth and on board the International Space
Station (ISS), a degree of protection against radiation
is provided by Earth’s magnetic field.’) Exposure
to ionising space radiation is therefore a larger
hazard during manned spaceflight beyond Earth’s
magnetosphere and for longer mission durations,
such as to the Moon or Mars. lonising space radiation
can be broadly categorised into three types: galactic
cosmic rays (GCRs), solar particles, and radiation
already trapped within Earth’s magnetosphere.
GCRs originate from outside of our solar system;
this is a type of background radiation consisting
of protons and alpha particles.”! Solar particles are
emitted by our sun during solar flares, also known
as solar particle events.”) The level of ionising
radiation emitted by the sun is not consistent, and
during a solar flare, it increases very suddenly and
therefore poses a heightened risk to the health of
astronauts.l’! EVAs are therefore planned out so as to
avoid solar flares via the monitoring of solar activity
and by generating solar forecasts to decrease the risk
of harm to the astronaut.!

Ionising radiation can damage DNA, causing a cell
to become altered or die. The symptoms of radiation
sickness depend on the units of equivalent dose
absorbed, with more acute symptoms manifesting at
higher doses. Acute symptoms may be non-distinct,
such as nausea or vomiting, or central nervous system
(CNS) dysfunction.”! However, radiation burns, hair
loss, extreme inflammation of exposed sites, and
ulceration and bleeding of mucosal surfaces are more
specific to acute radiation sickness.!'” Exposure to
levels of radiation sufficient enough to cause acute
symptoms of radiation sickness are unlikely, with
the only likely scenario being if the astronaut was
exposed to a solar flare during an EVA.P! Radiation
shielding means has been the illness whilst on a



classical approach to protecting astronauts,
however, pharmaceutical options are also being
explored. Such drugs have been approved for
the treatment of other conditions, and may offer
a degree of “radiation protection, modulation, or
mitigation properties along with a well-established
safety profile”.!'! The investigation of novel
radiobiological countermeasures 1is essential
to future manned space exploration; although
shielding is effective against solar particles, it does
not currently provide adequate protection against
GCRs, and is therefore insufficient on long-
duration through physical spaceflights.!'!

Decompression Sickness

Decompression illness (DCI) is the umbrella
term for decompression sickness (DCS) and atrial
gas embolisms (AGEs).[®! DCS occurs when
SCUBA-divers resurface too rapidly, resulting
in a rapid and potentially deadly decrease in
ambient pressure. The rapid decrease in pressure
causes nitrogen, normally in solution within the
bloodstream, to form bubbles.!"*’ AGEs occur when
depressurisation of a diver takes place without the
equalisation of pressure across the lungs - the diver
does not breathe out when resurfacing. This results
in the lung rupturing, causing a specific injury
known as pulmonary barotrauma. Gas emboli
then enter the systemic circulation and may cause
blockages within the small vessels of organs, most
detrimentally the brain, with symptoms resembling
those of a stroke.!'*! It is thought that the formation
of these bubbles of nitrogen is the cause of joint
pain associated with DCS, this joint pain is often
referred to simply as “the bends” in the diving
community.[¥! Along with joint pain, neurological
symptoms such as paraesthesia and hypoesthesia
are common. More serious complications of DCS
include paralysis, cognitive dysfunction, loss of
consciousness, and death.!'3

Similar phenomena can affect both pilots and
astronauts. DCS, although rare amongst pilots, has
been known to affect U-2 pilots, as the cockpit of
the U-2 aircraft is only partially pressurised.!'¥ The
suits that astronauts wear whilst undertaking an
EVA are pressurised - the American EVA Mobility

Unit (EMU) to 4.3 psi, and the Russian Orlan suit to
5.3 psi. Both are substantially less than atmospheric
pressure on Earth at sea level (14.7 psi), which is
also the pressure on board the International Space
Station (ISS).I'>! The risk of developing DCI can be
decreased via the utilisation of a denitrogenation
protocol. This involves inhaling 100% oxygen
before an EVA and undertaking in-suit light exercise
to eliminate as much nitrogen as possible from the
bloodstream before decompression.'> ') The night
prior to an EVA, astronauts may also “camp out” in
the airlock at 10.2 psi, 26.5% O2 to decompress in a
slower, more controlled manner.!'® Terrestrially, if a
diver suffers from DCI, treatment includes high-flow
oxygen and transfer to a hyperbaric chamber.!'*! On
the ISS, if an astronaut experiences DCS symptoms,
treatment can be initiated by moving them to an
environment that can provide a pressure of at least
16.4 psi total (inclusive of the atmospheric pressure
and the suit’s pressure).!'®’

Psychiatric Challenges

Trauma, bites, infection, acute mountain sickness
(AMS), and gastrointestinal issues are commonly
associated with expedition medicine; psychiatric
symptoms less so. However, on an expedition or
mission to Mars, with humans being more isolated
than ever before over timeframe of years, it is due
further consideration. A 2010 Study by Lyon et al.
analysed the medical reports of 232 expeditions,
finding 1,564 incidents over 42,482 participant-
days.!' Just 16 psychiatric incidents were recorded:
1 patient with acute psychosis, 13 exacerbations
of previously diagnosed depression, and 2 cases
of “hysteria” (an outdated and sexist term that was
largely used to describe unexplained symptoms and
was removed from the Diagnostic and Statistical
Manual of Mental Disorders in 1980).l'"- ¥ Indicating
that although the rate of reported psychiatric illness
on expeditions is low, they are not zero. Lyon et al.
acknowledge that it is unfair to compare the incident
rates of expeditions of different modalities due to
the differing levels of risk involved.!'” This stands
true regarding psychiatric illness, as factors such
as vast isolation, apparent danger, workload, stress,
and sleep disturbances are likely to affect the risk of
developing psychiatric long-duration mission.



Friedman et al. found that two of the seven
astronauts who flew on Mir reported symptoms
of depression (29%), giving an incident rate of
0.77 per person-year.'” Throughout 89 shuttle
missions, 38 psychiatric symptoms were reported
by 208 astronauts, extrapolated to 2.87 per person-
year. Data from the Lifetime Surveillance from
Astronaut Health (LSAH) database showed that
during the shuttle era, flight surgeons recorded
24 instances of symptoms of anxiety, and four
of depression across 28 person-years, yielding
incident rates of 0.832 and 0.139 per person-year
respectively.l'”) The incident rates of reported
psychiatric symptoms may be lower than the true
value, with astronauts fearful that reporting all
symptoms may have a negative impact on their
flight status, leading to them being grounded either

temporarily or permanently.'”!

Musculoskeletal System Changes

In a microgravity environment, the loss of muscle
mass due to decreased gravitational load is a
serious challenge. On board the ISS, astronauts
must exercise for up to two and a half hours per
day in an attempt to maintain adequate muscle
mass.?” Resistance training comprises a large
part of a typical exercise regime, along with
cardiovascular conditioning. The USA’s National
Aeronautics and Space Administration (NASA)’s
Advanced Resistive Exercise Device (ARED)
is used to provide a similar experience to lifting
weights whilst on board the ISS.*' The ARED can
replicate the force of lifting 270kg on Earth.*

The muscles most affected are the antigravity
muscles. These include gastrocnemius and soleus,
tibialis anterior, quadriceps, the hamstrings, and
the neck and spinal flexors and extensors.*”! The
loss of muscle mass may be rapid, with a 20% loss
occurring on missions lasting between 5-7 days.
(291 The risk of significant muscular atrophy is far
greater on a crewed mission to Mars, due to the
long duration of spaceflight combined with lower
gravity on Mars compared to Earth (approximately
38%).31 This poses an increased risk to astronauts
on their return to Earth in the event that any
physically demanding task is required during

re-entry or landing. Astronauts are typically
prepared to survive in a self-sufficient manner for
hours to days upon landing far from the target site;
loss of physical ability to exert oneself could prove
detrimental in such instances.

In a microgravity environment, osteoblast activity
decreases whilst osteoclast activity remains at a
similar rate as found on Earth, resulting in a net
decrease in bone density.*!! Bone demineralisation
occurs at an approximate rate of'a 1-2% loss in bone
mineral density per month.?¥ Therefore, on long-
duration missions, such as to Mars, astronauts face
both an increased risk of calcified renal stones whilst
in microgravity, and an increased risk of fractures
upon return to Earth.” It has been proposed that
high-intensity interval training with increased
resistance loads should be investigated to determine
if musculoskeletal degeneration can be slowed or
stopped.[*! To eliminate both muscular atrophy and
bone demineralisation, methods to generate artificial
gravity have been proposed. Typically, these involve
the spinning of either the entire spacecraft or a

section of the spacecraft in a centrifuge-like manner.
(3]

Conclusions

The physiological challenges of spaceflight are
complex as there is no system of the human body
that remains truly unaffected. As we look to venture
beyond low Earth orbit once again, we must be
mindful of these challenges and of the potential
consequences if they are not adequately addressed.
In Part 2,29 some solutions to these challenges
are explored; including medical evacuation,
cardiopulmonary resuscitation, and telemedicine.
Additionally, the
considerations of spaceslight are considered.

surgical and anaesthetic
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