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Abstract

This paper analyses some of the tools currently
available to address challenges in space. The
feasibility of medical evacuation, cardiopulmonary
resuscitation, and telemedicine is explored, as well
as the surgical and anaesthetic considerations for
spaceflight, as humanity looks to venture further
into space than ever before.

Medical Evacuation

The term “medevac” comes from the contraction
of the words “medical” and “evacuation” and is
defined as the “emergency removal of sick or injured
people from an area especially by helicopter”.
(1" Helicopters, along with land vehicles, play
a key role in terrestrial medevacs and are a core
component of the crew recovery post-mission. The
crew recovery process is in a sense a medevac,
with multiple agencies working in unison to attend
the landing or splash-down site of a returning
crew as quickly as possible, to attend to any acute
medical incidents, and to safely transfer the crew
to a secondary medical facility.?!

However, these are medevacs from the landing or
splash-down site, not from space. Whilst medical
incidents in space are not uncommon, a traditional
medevac from space has never been completed.
Medevac from low earth orbit (LEO), such as from
the International Space Station (ISS), is possible
within the timeframe of days, a medevac from the

moon would take days, whilst from Mars would
take months.’! It is for this reason, as astronauts
venture further afield in the near future, the medical
knowledge of the crew must be sufficient to offset
the risk of a medical emergency occurring that which
they cannot treat in an effective and independent
manner.

Summers et al. calculated the risk of an emergency
on a seven-person mission to Mars.[¥! The general
population has a medical emergency rate of 0.06 per
person per year. A 2.4-year mission to Mars, as is the
expected duration, with a seven-person crew yields
the expected rate of a medical emergency to be
slightly over one incident per mission.*’ However,
Summers et al. acknowledge that astronauts are
deemed systemically well prior to flight.*/ Individuals
go through intense and rigorous screening and have
an increased physiological reserve before launch
through carefully planned exercise regimes.

A review by the Johnson Space Center for
Longitudinal Astronaut Health at the National
Aeronautics and Space Administration (NASA)
calculated that an incident rate of 0.02 events per
person-year was indicated, reduced to 0.01 through
the usage of the ISS’s on-board medical facilities.*!
Summers et al. have found that this rate is consistent
with Russia’s program, which saw three cosmonauts
evacuated in 41.5 years of space flight, and one
medevac from the Mir Space Station in 31 person-
years.! However, this calculation was based on
astronauts’ health whilst they were not on active



duty and fails to account for the additional risks
of long-duration interplanetary spaceflight. Rates
of anxiety and depression due to being the most
physically isolated individuals in history may be
higher than expected, and may also contribute
towards other disorders such as insomnia, for
example.

Cardiopulmonary Resuscitation

The practise of emergency medicine in the context
of international aviation medicine is similar to
standard first aid. However, the practise of extra-
terrestrial emergency medicine is more complex.
The likelihood of differential diagnoses changes
significantly, and this is worth keeping in mind
whilst treating a patient. In addition to altered
differentials, the method of treating conditions in
microgravity may differ from how one would treat
a patient on Earth. Cardiopulmonary resuscitation
(CPR) aims to provide adequate cerebral profusion
during circumstances of limited cardiac output,
such as when a patient is in cardiac arrest. CPR
in hypogravity poses unique challenges not found
on Earth. Relatively effective CPR can be taught
in an afternoon, aided by the purposefully simple
algorithm provided by the Resuscitation Council
UK assessing the environment and patient, calling
for help, and the initiation of chest compressions
at 100-120bpm with rescue breaths in a 30:2 ratio,
aiming for 50-60mm of depth.’! Key issues arise
with the mechanism of chest compressions in
hypogravity or microgravity. On the ISS, how does
one anchor both the first-aider and the patient whilst
administering chest compressions to ensure both
appropriate rate and depth? How does hypogravity
affect blood flow and the return of spontaneous
circulation?

In 2022, Overbeek et al. conducted a systemic
review of the effectiveness of CPR in hypogravity
conditions.l In a scenario replicating 0.38G, the
relative gravitational field strength of Mars, it was
found that CPR to a standard near to Resuscitation
Council UK’s guideline depth of 50mm was

possible.[¥! Three of the four studies reported a
reduced mean compression depth, whilst only
one study reported a mean compression depth of
>50mm (Russomano et al. recorded a compression
depth of 55.1mm).[9 All studies that recorded the
rate reported >100bpm, in line with Resus Council
UK’s guideline.’ It was found that an adequate
standard of CPR could only be achieved through
the means of increased physical exertion due to
the decreased effective weight of the administrator;
without additional effort, the depth of compressions
rapidly falls to significantly less than the guideline
level, especially for administrators with less mass.[®!
Two of the four studies also simulated 0.16/0.17G
conditions, those which replicate the strength
of lunar gravity. Both studies failed to achieve a
compression depth of 50mm, and both failed by
>10%.[ Overbeek et al. suggest that the use of
techniques developed for microgravity may enhance
the effectiveness of CPR in hypogravity and call for
further investigation.®

Although these studies effectively simulated
hypogravity, they did not factor in the unknown
musculoskeletal degeneration associated with
long-duration spaceflight. The quality of CPR
in the hypogravity environment of Mars, given
the especially long transit time, may be poorer
than suggested. Barratt et al. called for further
development of an adequate cardiac compression
assist device (CCAD), especially due to the long-
term effects of deconditioning.”! The idea of a
purpose-built CCAD is more appropriate than ever,
given NASA’s current plans to return to the Moon in
2026, and to Mars as early as the 2030s.1% !

Telemedicine

Telemedicine is defined as “medicine practised with
the assistance of telecommunications technology,
often to provide care in remote locations or to reduce
the need for hospital visits”.['” Communication
of health information to and from astronauts and
mission control has always been an important part
of human spaceflight. Telemedicine on board the
ISS is highly sophisticated, with astronauts being



able to present to mission control with signs and
symptoms, be connected to a NASA flight surgeon,
have their history taken, undergo a small range of
investigations (such as ultrasound imagery), and
have a working diagnosis and management plan
in a time efficient manner.""! As a case study, in
January of 2020, The New England Journal of
Medicine reported a case of a venous thrombus
found incidentally within the left internal jugular
vein of an astronaut.'” The astronaut did not
display any signs nor complain of any symptoms;
the thrombus was found incidentally as part of
a research study. An additional ultrasound scan
(USS) was completed, with two radiologists on
Earth being able to interpret the scan in near to
real-time.["! Dr Stephen Moll of the University of
North Carolina at Chapel Hill was consulted via
telephone and was able to speak to the astronaut
on board the ISS directly, with the astronaut then
being treated with enoxaparin whilst waiting for
apixaban to arrive at the station.!"”

This case highlights the advantages of telemedicine
— it allows for experts both to work collaboratively
under pressure and time restraints, and to
communicate with the patient and take a detailed
history in near-real time. However, as humans
venture deeper into space, to Mars, telemedicine
becomes limited by the speed of light. Longer
communication delays will force astronauts to act
with a higher degree of autonomy, and therefore
an increased level of medical knowledge will be
required to safeguard the health of the crew.

Surgical Considerations

A new form of surgery has recently been tested on
board the ISS: telesurgery. Similar to telemedicine,
it also involves a remote medical practitioner
providing care. However, rather than a physician
providing medical advice, telesurgery involves
a surgeon remotely operating via the means of
robotics. In February of 2024, six surgeons at
the University of Nebraska successfully carried
out a simulated procedure on board the ISS
remotely from Nebraska.l'¥ The procedure utilised
the Miniaturized In Vivo Robotic Assistant
(spaceMIRA) which was invented by Shane

Farritor of Nebraska and his team.!'S) The delay
between Nebraska and the ISS was approximately
800 to 850 milliseconds, with Dr Michael Jobst,
one of the surgeons who took part, stating that this
presented “a big challenge”.l') Despite this, the
surgeons managed to complete all tasks successfully
and the demonstration was deemed a success.

Whilst telesurgery is a promising development
for implementation on board the ISS, and could
potentially be utilised on Earth in regions without
surgeons or surgical expertise, it is unlikely to be
suitable for distances greater than between Earth
and LEO. Round-trip communication delays on
upcoming lunar missions are expected to be in the
region of five to fourteen seconds, a latency thought
to be unsuitable for remote surgery.!'"! Depending on
the positioning of the Earth and Mars in their orbits,
round-trip communication delays can be as long as
forty minutes — also unsuitable for surgery.' For
missions going further afield, there is no substitute
for having surgical skills on board.

NASA’s 1998 STS-90 Neurolab mission required
the use of sophisticated surgical techniques in order
to successfully perform an extensive list of surgical
procedures on adult rats, including a craniotomy,
leg dissection, thoracotomy, laminectomy, and
laparotomy, all testing a range of surgical skills.['”)
Surgery in microgravity has also been successfully
simulated via parabolic flight.'!") Pinsolle et al.
successfully sectioned and repaired the sciatic nerve
and tail artery of a rat.l'¥! Campbell et al. successfully
simulated laparoscopic surgery on an abdominal
model."”) Laparoscopic surgery is more appropriate
than open surgery in a microgravity environment as
the sterile field is easier to maintain, bodily fluids
are contained much more easily, and the risk of
debris and contaminants from the closed-system
atmosphere onboard interfering are minimised.
A previous concern of operating in the abdomen
laparoscopically was that the surgical field would be
obscured due to the bowel and any free fluid floating,
though this has since been successfully mitigated.
(191 Tt was found that surface tension had a notable
impact on the dynamics of free fluid, with blood
pooling against the abdominal wall due to adhesion
and cohesion.["”! The application of techniques



such as laparoscopic surgery in a microgravity
environment should be further investigated and
eventually be ready to be utilised during a longer
mission such as to the Moon or Mars. Extra-
terrestrial telesurgery is less promising, again
due to the incompatibility of surgery and a higher
degree of signal latency, we are limited by the
speed of light.

Anaesthetic Considerations

Although no human to date has required general
anaesthesia in space, it has been successfully
administered to animal test subjects. The first
administration of and recovery from general
anaesthesia also took place on NASA’s STS-90
Neurolab. All six of the rats that were planned to
recover did so in a timeframe similar to models
on the ground.'” However, within the enclosed
environment of a spacecraft and in microgravity,
the use of general anaesthesia is challenging.
There is the possibility of volatile anaesthetic
agents leaking into the environment, which then
could dissipate throughout the atmosphere or enter
water reclamation systems, exposing the crew.!”
The force due to gravity is also utilised in certain
pieces of anaesthetic equipment such as vaporisers,
and these may not function appropriately in
microgravity environments.? Total intravenous
anaesthesia (TIVA) may be a suitable alternative
to using volatile anaesthetic agents; however
ventilation remains problematic due to the use
of oxygen, and the associated risk of a leak into
the enclosed atmosphere of a spacecraft posing
a significant fire risk. Operating under local and
regional techniques such as nerve blocks could be
utilised, though this limits the scope of operations
possible.

The current procedure on the ISS is to have
two designated crew medical officers (CMOs),
one per expedition (there is usually an overlap
of two expeditions on the ISS at any one time).
However, although a CMO may be a physician if
a physician-astronaut is part of that crew, a CMO
does not necessarily have to come from a medical
background prior to joining the Astronaut Corps.
(200 CMOs may undertake as little as 40 — 80 hours

of training.l*> 2! This is manageable on missions to
LEO, and perhaps lunar missions, where a level of
telemedicine and the option to perform a medevac
is available. However, the longer the duration
of a mission, the higher probability of a medical
emergency occurring that would require general
anaesthesia or critical care interventions. For this
reason, it would be ideal for the CMO to have at
least some degree of training in anaesthetics and
critical care.

In addition to operating and monitoring life-
supporting equipment, anaesthetists would be highly
sought-after as CMOs due to their technical skills.
However, in circumstances where this is not possible,
or the CMO was incapacitated, adjustments to the
equipment carried on board could be considered.
Whilst previous attempts of non-anaesthetists
attempting to intubate via direct laryngoscopy in
simulated microgravity have proved futile, Starck
et al. found that intubation via video laryngoscopy
was more promising.”? The study compared the
effectiveness of intubation by both experts and
novices, in both simulated microgravity and with
Earth’s gravitational field strength, with both direct
laryngoscopes and video laryngoscopes. A key
finding of the study was the difference in success
rate of novices attempting intubation via direct
laryngoscopy, at 40%, versus the success rate via
video laryngoscopy, which was substantially higher
at 80%.12%

Conclusions

As we look to return to the Moon, and to venture
to Mars, our ability to understand the physiological
challenges?®! and manage medical emergencies in
both hypogravity and microgravity environments
may be the difference between mission success
and failure, and ultimately between life and death.
Although telemedicine and remote surgery are
excellent and innovative solutions, with great
terrestrial applications, they are limited by speed
of light with regards to humans traveling beyond
low Earth orbit. As the distance between crew and
Earth increases, so too will the need for the crew
to be medically autonomous; both in terms of the
equipment and drugs carried on board, but also in
their level of medical training.
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