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ABSTRACT

Commercial space tourism is a rapidly growing industry. Not only are people presently paying to travel across the
Karman line and experience microgravity, but it is expected that soon spaceflight may be used for long-distance
passenger travel. With a huge increase in the number of laypeople going to space, there is a growing need for
medical recommendations to guide private companies in selecting travellers safely.

Exposure to acceleration forces equivalent to those seen in a suborbital spaceflight profile are rare on Earth, and
the data surrounding human factors in space and aviation is largely derived from carefully selected individuals

with minimal health concerns. There is a growing foundation of literature regarding response to acceleration
exposure in the naive space traveller, with suggestions for medical guidelines being based predominantly on prior
research from groups such as the National Aeronautics and Space Administration (NASA) and the Federal Aviation
Administration (FAA).

This review provides a summary of the available evidence on cardiopulmonary function in hypergravity and current
medical recommendations for commercial space travel, with an attempt to highlight the important considerations for
policymakers and commercial parties responsible for the safety of future suborbital passengers.

© 2025. This is an open access article licensed under the Creative
Commons Attribution-NonCommercial-NoDerivs License (http:// JASAM VOLUME 14, 2025 | 31
creativecommons.org/licenses/by-nc-nd/3.0/).
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INTRODUCTION

The rapidly increasing interest for commercial space
travel brings with it a concern for participants who

are perhaps suboptimal in condition. The literature
surrounding acceleration forces and their effect on
human physiology has been well-described for some
time." However, given the data is largely derived from
individuals undergoing astronaut training programs or
aviation training, conclusions made from this research
are difficult to extrapolate to individuals with less ideal
health backgrounds.?

The goals for safety in suborbital spaceflight will differ
from government space missions, in that the role

of participants will be largely passive.® For financial
justification of space tourism, the inclusion criteria

for participants will be greatly broadened, hence the
reasoning for this research. These differences to
traditional government space travel will change the
threshold for ‘fitness to fly’.

This new era of space tourism will require targeted
research into the appropriate assessment of untrained
customers, often referred to as spaceflight participants
(SFPs), and strategies in which to prepare them for
spaceflight. We also require applicable knowledge
concerning absolute and relative contraindications

to suborbital spaceflight. The evidence relating
directly to respiratory function in suborbital flight is
somewhat lacking. This paper will attempt to collate the
literature regarding such areas and suggest important
considerations to ensure medical safety in the future.

For suborbital flight in its current form, health issues
posed are less significant than orbital travel given the
time of flight. However, it is widely hypothesized that
suborbital spaceflight in some form will eventually

be used for long-distance passenger travel.* Further
to this, SpaceX have long-term goals of reshaping
the travel industry to provide across-the-world flights
in around 30 minutes, having already undertaken
orbital flights for commercial passengers.5 This may
produce longer exposure to high acceleration forces,
microgravity and other potentially risky components of
space travel.

SUBORBITAL SPACEFLIGHT

For the purposes of this paper, the dynamics of the
New Shepard spacecraft flown by Blue Origin will be
considered. It is important to note that other private
providers, both current and future, will have varying
flight profiles and module designs. Hence, some
information may not directly relate to the same.

The New Shepard mission is controlled autonomously
by inflight computers, with no human pilots.® The
expected flight profile has several sustained (long)
accelerations and decelerations throughout, reaching
a maximum of +2.87G on ascent and +5.12G (both
toward Earth) on re-entry within the crew capsule.
Transient (short) accelerations are projected to reach
up to up to +32G over 50ms, provided by thrusters
fired to maintain appropriate attitude. Air pressure
within the cabin is to be maintained at 10.1-14.2psi,
approximating that of the Earth’s atmosphere within
the ‘physiological zone’. The flight profile is shown

in figure 1.

NEW SHEPARD

FLIGHT PROFILE

THE KARMAN LINE

Figure 1: New Shepard Flight Profile”
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The SFPs are in a supine position, exposing them
predominantly to axial acceleration forces (+Gx). This
positioning is in accordance with a traditional rocket
launch such as the Russian Soyuz, which is used

to enhance G tolerance.? A slight forward head-tilt
substitutes a minor amount of this +G, force with some
+G, acceleration.®

Interestingly, the pre-flight SFP training for the New
Shepard is reportedly completed in 2 days.'® According
to FAA regulations for suborbital commercial flights,
the only legally required training for SFPs in the United
States is how to respond to emergency situations,
including smoke, fire, loss of cabin pressure, and
emergency exit." This indicates that there is no
required training for acceleration force exposure prior
to flight. The full curriculum of the Blue Origin training
program is not made publicly available, so whether or
not it is included is unknown.

ACCELERATION FORCES - CARDIOVASCULAR
AND RESPIRATORY EFFECTS

Vertical acceleration forces (Gz)

Vertical forces from head-to-toe (+G,) are known

to cause musculoskeletal pain or injury, ventilation-
perfusion mismatch due to disrupted air and blood flow,
and cardiovascular effects via hydrostatic pressure
changes and venous pooling in the limbs.®

Lung volumes are affected greatly, with a drop in vital
capacity and an increase in functional residual capacity
as the diaphragm is pushed downward. The regional
differences in lung ventilation are accentuated; the
weight of the lung increases towards the base, where
the alveoli will approach their closing pressure and shut
prematurely. This causes air trapping and prevents
basal lung ventilation.

Similarly, regional pulmonary blood flow is affected.
Normally, the lung apices are poorly perfused to around
1-2cm. At +4G,, the top half of the lung is no longer
perfused. The bottom half of the lung has a relative
increase in blood flow from increased hydrostatic
pressure below the heart. However, the aforementioned
air trapping increases the pressure and consequent
vascular resistance, which contributes to a lower
arterial pressure.

Overall, a marked alteration in the ventilation-perfusion
ratio at the lung bases causes a right-to-left shunt,
which is estimated at 50% of cardiac output during
+5G,.

Acceleration atelectasis may also occur with inspiration
of high oxygen concentration, causing a further
shunting of 20-25% of cardiac output which can be
precipitated within 30 seconds of +G, exposure.'?

Foot-to-head acceleration forces -G, work in an
opposite fashion.® The cardiovascular effects result

in a sensation of increased pressure in the head
accompanied by severe discomfort; thus pilots

tend to have a lower threshold for -G,. A massive
parasympathetic response is seen due to increased
carotid sinus baroreceptor stimulus, leading to

a vagal response with bradycardia, asystole or
unconsciousness. This leads to accentuated effects of
any +G, forces immediately after, known as the “push-
pull effect”.

Axial acceleration forces (Gx)

Axial acceleration is known to be less influential on
human physiology than +G,.% The cardiovascular
effects are relatively minimal, and pulmonary changes
are typically responsible for limitations to +G, exposure.

The intrabdominal contents displace the diaphragm
upwards, restricting inspiratory and expiratory
capacities. The ventilation-perfusion distribution pattern
is similar to that of an upright position, but instead

from an anterior-posterior perspective. At +6G,, there
is minimal ventilation of the posterior one third of

the lungs, with a right-to-left shunt dropping arterial
saturations to 80-87%.

These breathing difficulties can be minimised with a 15-
25° forward head-tilt. A caveat to this positioning is the
small head to toe (+G,) hydrostatic pressure gradient
introduced.

A crucial centrifuge study from Pollock, Jolley et al.
uncovered key physiological changes in respiration
under acceleration.” There was evidence of reversal of
normal ventilation distribution from posterior to anterior,
resulting in gas-trapping anteriorly (proportional to

+G, magnitude). There was an increase in neural
respiratory drive (and therefore breathlessness)

that was not accompanied by an increase in overall
ventilation, due to the decrease in tidal volume.

This phenomenon was termed “neuroventilatory
uncoupling”. Work of breathing and neural respiratory
drive were both higher than values seen in severe
COPD or obesity. These effects were comparable

to a short-lived respiratory failure which may not be
tolerated well in older, unhealthy people. Importantly,
73% of subjects reported musculoskeletal chest pain
with exposure above +4G,, and a small proportion
reported persistent pain 2 days after testing.

Another 2021 study furthered this knowledge by
showing that at +4G, (but not +6G,) participants
varied in their ability to compensate for the pulmonary
effects of hypergravity with muscle force, which was
dependent on their physical fitness.™

A 2003 study hypothesized that posterio-anterior
acceleration (-G,) was less impactful on arterial
oxygenation than +G,."® Currently, this is rarely seen
given the need for controls and visibility in front of the
pilot.8 In -G,, unventilated anterior lung is comparably
improved to +G,, with arterial saturations increasing
from 80% to 94%, resulting in an increased tolerance.
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G Force Mitigation Strategies

From what can be ascertained in a recording of a
Blue Origin New Shepard flight in 2022, the SFPs
do not attempt anti-G straining manoeuvres, nor do
they wear anti-G garments.® Most of the acceleration
appears to be +G, with a small forward tilt leading to
some +G; force. This slight offset of the force vector
may support breathing as the anterior chest wall
weight will be decreased, improving the ventilation-
perfusion mismatch. Substituting this force is a minor
amount of +G, acceleration which, if tolerable from a
cerebral perfusion perspective, may provide a safer
descent to Earth.

Microgravity (UG)

The presence of microgravity offers a unique
environment in space. Both ventilation and perfusion
appear more homogenous in microgravity compared
to the standard heterogenous distribution across the
lung on Earth’s gravity.'® Despite this, it has been
demonstrated that different lung regions are still
exposed to different volumes of ventilation despite
being in microgravity. This complicates the idea of
gravity-affected ventilation patterns. However, it may
be assumed that this inherent change in ventilation
is minor enough that it is overcome when introducing
increased acceleration force.

Pressurised cabins

Hypoxia risk due to ventilatory impairment in suborbital
flight may be amplified by the lower atmospheric
pressure of the cabin, an effect similar to that seen in
standard airplane passengers.'” The aforementioned
study from Pollock, Jolley et al. showed that with
subjects exposed to +6G, for a sustained period,
minimum arterial oxygen saturation was 7% lower when
comparing air to 15% oxygen inspiration (simulating

an airline-style cabin pressurisation).’ The authors
concluded that respiratory physiology is disrupted by
suborbital spaceflight, potentially “...causing substantial
hypoxemia and breathlessness that are exacerbated by
simulated pressure cabins.” 3

MEDICAL CONDITIONS AFFECTED BY
ACCELERATION

In a similar fashion to current international passenger
flights, recommendations regarding flying with
comorbidities will likely be adopted with the introduction
of point-to-point suborbital space travel. For the time
being, the small volume of data from actual commercial
suborbital flights and from simulated centrifuge studies
has meant that recommendations and suggestions are
merely estimations of what is acceptable medically for
these flights.

Interestingly, the Federal Aviation Administration
(USA) acknowledge the novelty of ordinary untrained
individuals going to space, but omit any specific
recommendations and adopt an approach of informed
consent.'® The current regulations (continuing through
2023) “require crew and spaceflight participants to

be informed, in writing, of mission hazards and risks,
vehicle safety record, and the overall safety record of
all launch and reentry vehicles.” 1°

Minimal government oversight is clearly in the best
interests of commercial parties. Less regulation

will allow spaceflight providers to broaden their
prospective customer base by minimising restrictions
on medical requirements for flight, thus increasing
financial feasibility.

Some of the earliest articles regarding medical
guidelines for commercial spaceflight participants
were published by the Aerospace Medical Association
Task Force on Space Travel in the early 2000s.2° They
provided broad recommendations, with an emphasis
on the need for special consideration for those with “...
unstable conditions or an underlying disposition for
sudden incapacitation”. They also made note of the
significance of having little to no medical supplies on
board in the event of a medical emergency. Law et
al.?! later attempted to identify concerns using previous
data from NASA. These authors highlighted the high
risk of behavioural and psychological conditions, as
well as environmental concerns such as microgravity
adaptation sequalae and acute musculoskeletal injury.
These themes have been consistent throughout the
literature ever since.?

The Federal Aviation Administration sponsored a report
written by the Center of Excellence for Commercial
Space Transportation (COE-CST) evaluating the
medical requirements for aircrew and SFPs.? A table
was developed outlining what a consortium of experts
believed to be the pertinent points of a medical history
and examination for an aerospace medicine specialist
that would be significant to an SFP for a suborbital flight
(Table 1).
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History Physical Examination

COtitis, sinusitis, bronchitis, asthma, or other respiratory
disorders

Dizziness or vertigo

Fainting spells or any other loss of consciousness
Seizures

Tuberculosis

Surgery and/or other hospital admissions

Mental disorders, anxiety, or history of hyperventilation
Claustrophobia

Attempted suicide

Use of medications

Alcohol or drug dependence or abuse

Current pregnancy, recent post-partum (less than 6
weeks), or recent spontaneous or voluntary termination
of pregnancy

Visits to a health care provider in the last 3 years
History of decompression sickness (DCS) or the “bends”
Anemia or other blood disorders

Heart or circulatory disorders, including implanted
pacemaker or defibrillator

Disability or deformity requiring accommodation
Recent significant trauma

Diabetes

Cancer

Rejection for life or health insurance

Given the specific flight parameters, are there any
known medical conditions that may require possible
accommodation

Vital signs (heart rate, blood pressure, respiratory rate,
and temperature)

Head, face, neck, scalp exam

Nose, sinuses, mouth, throat, and ears (including
eardrum integrity & function and Eustachian tube
function)

Ophthalmologic evaluation (including pupil function and
ocular motility)

Lungs and chest
Upper extremities
Lower extremities
Spine

Lymphatics

Rectal, pelvic, and breast exams will be performed only if
indicated by medical history

Heart (including precordial activity, rhythm & rate,
sounds, and murmurs)

Peripheral vascular system
General neurological evaluation

General psychiatric evaluation (appearance, behavior,
mood, communication, and memory)

Abdomen and viscera (including hernia)

Genitourinary system

Table 1: COE-CST recommendations on appropriate history and physical examination components for a suborbital

SFP medical review.?

They outlined the need to address conditions that

may lead to certain outcomes, such as in-flight death,
preventing appropriate function during emergency,

or putting excessive risk of harm on any SFP or
crewmember. For any prospective SFP that had

a condition meeting these criteria, risk mitigation
strategies were recommended such as training (e.g.,
parabolic flight, hypoxia exposure, centrifuge exposure,
etc.) or re-evaluation after medical intervention.??

Over the last decade, a series of articles have been
published by Blue et al. regarding different medical
conditions and how they are influenced by centrifuge-
simulated suborbital spaceflight profiles.2® Collectively,
these articles indicate that the acceleration forces
experienced during nominal suborbital spaceflight

in its current form will likely be well-tolerated by

most individuals with well-controlled medical

conditions.?*?” This research included patients with
various health backgrounds and conditions that will be
discussed below.

Pulmonary Conditions

Fifteen subjects with either asthma, chronic restrictive
lung disease, or a history of lung surgery were
included. This pulmonary subgroup of participants had
significantly increased subjective work of breathing,
with more instances of coughing during +G, exposure.
The authors hypothesised that acceleration atelectasis
caused increased airway reactivity under high G.
However, these participants showed no evidence of
adverse clinical events and did not require medical
intervention. Furthermore, those with a smoking history
showed no correlation with increased work of breathing,
dyspnoea, or chest discomfort.
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An area of concern is for individuals ordinarily at

risk of hypoxia. Evidence surrounding respiration in
+G, exposure shows that anterior air trapping and
neuroventilatory uncoupling lead to an effect similar

to a short-lived respiratory failure.™ It is hypothesised
that some populations will not cope with this ventilatory
impairment, such as those with chronic obstructive
pulmonary disease.? A decreased cabin pressure may
contribute to this. Research is needed to address these
potential relationships.

Cardiac Conditions

Chronically hypertensive subjects in the centrifuge
study experienced less greyout; this was attributed
to the protective nature of baseline hypertension.?
They showed no other significant differences to
control subjects.

Neither of the two subjects with implanted permanent
pacemakers had abnormal physiological responses,
and there was no evidence of lead displacement,
damage, or malfunction of either implanted device.?®
A larger sample size is needed to verify these results,
but the evidence showed that it may certainly be
possibility that patients with cardiac implanted devices
will be able to tolerate suborbital spaceflight. Similar
conclusions were made for those subsets of patients
with cardiac malformations or insulin pumps.2* 2

Cardiac dysrhythmias have long been known to

occur frequently in exposure to +G, exposure.?
Premature ventricular contractions and premature atrial
contractions are both common.® Transient ventricular
tachycardias have been seen in centrifuge studies,

but these spontaneously resolved with termination

of the run and did not produce any clinical signs, nor
did they require intervention.? It has been stated that
most aberrant rhythms associated with +G, are benign
and self-limiting.3° Another study related to the 2014
centrifuge study by Blue et al. found that a relative
bradycardia was the most commonly seen dysrhythmia
in the subjects’ exposure to +G,, but concluded it was a
benign finding.?” The authors hypothesised that +G, led
to aortic and heart compression, increasing pressures,
and consequently triggering the baroreceptor reflex.
Provided SFPs are subjected to +G, as well as +G,, the
authors believe that the vertical acceleration force may
provoke enough sympathetic response to attenuate the
incidence of bradycardia.

Obesity

Tolerance to +G, is typically limited by the increased
work of breathing due to the anterior chest wall and
abdominal content weight pushing on the lung.8
Therefore, increased BMI may have a considerable
effect on tolerance, by exacerbating ventilatory
compromise and arterial saturation drop, potentially
precipitating adverse clinical events. This is especially
prudent given the evidence that obese individuals
already devote a higher percentage of total oxygen
demand towards respiration, which predisposes them
to respiratory failure in the setting of hypoxia.®!

Other associations with obesity include an increased
oxygen consumption and obesity hypoventilation
syndrome.3? 3% The relationship between these features
and +G; lung effects is unknown, but it is reasonable
to assume there could be a further predisposition for
respiratory compromise given the increased oxygen
burden, increased weight of the chest wall, and
inherent complications with respiratory drive.

More research is needed to clarify this link, which may
provide recommendations for safe weight parameters
in suborbital flight. Anthropomorphic characteristics will
also influence seating equipment, weight distribution
and emergency egress. This is one example of many
concerns that require further study to develop holistic
guidelines for pre-flight medical reviews.

Age

The age of commercial SFPs will be different than
that of historical astronauts. In 2021 Wally Funk and
William Shatner consecutively broke the world record
for the oldest person to reach space, aged 82 and 90
respectively.* The elderly, who were once considered
ineligible for spaceflight, will soon be flying above the
Karman line. So too will younger individuals, with the
first Blue Origin commercial flight taking the youngest
person into space at the time, Oliver Daemen.%

The 2014 centrifuge study showed no significant
haemodynamic, subjective or neurovestibular
differences associated with age.? The only noticeable
change in older patients was a lower incidence of
greyout during acceleration due to a higher baseline
mean arterial pressure (protective of greyout).

Despite promising results, the prevalence and types

of disease, and the frailty of older participants cannot
be ignored. Just as the extremes of age influence
commercial airline flight suitability, they will undoubtedly
have an effect on participation in suborbital spaceflight.
There is a wealth of literature regarding the increase

in alveolar to arterial gradient with age.® In a similar
manner to obesity, it is hypothesised that there may be
an additive effect of this age-related mismatch to that of
acceleration exposure, further predisposing the elderly
to respiratory compromise. Age may also be further
implicated in tolerance for +G,, given evidence that
physical fitness an effect on pulmonary compensation.™

Medications

Medication in aviation is a continually evolving field

with the constant introduction of new pharmaceutical
developments, and changes in aircrew demands and
expectations. All medications are considered hazardous
by Australia’s Civil Aviation Safety Authority (CASA),
with the exception of a small number.*” There are many
medications with potentially dangerous side effect
profiles for aviation; the same applies for aerospace
travel and suborbital flights, but to a lesser extent given
the passive role of SFPs.

A great example of this is the use of adrenergic
antagonists, specifically beta blockers. The 2014
centrifuge study by Blue et al.?® showed that the heart
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rate of subjects taking beta blockers significantly
lowered when exposed to acceleration forces as
expected. Despite this response, they did not exhibit
any adverse effects or clinical signs, and it was
determined that suborbital flight would be no more
harmful for these subjects in comparison to those not
on beta blockers. Suresh et al.?” went on to discuss the
effects of relative bradycardia and came to a similar
conclusion, but emphasised the possibility that these
medications may lower tolerance of dysrhythmias and
lead to clinical decompensation.

RECOMMENDATIONS
Guidelines for spaceflight

Developing guidelines for medical assessment prior to
suborbital spaceflight requires much more data than
is currently available. The centrifuge studies have
proven useful in showing that most patients with well-
controlled chronic conditions will tolerate acceleration
on launch and re-entry.?® Currently, the COE-CST
recommendations may be employed by aerospace
medicine specialists as a guide to screening SFPs for
potential iliness relevant to their flight.22 As more data
are gained from an increasing population of suborbital
flight passengers, the goal is that these guidelines can
be reviewed and refined.

One reasonable method of assessing SFPs pre-
flight was suggested by Schroeder et al., which is to
stratify individuals into risk categories to determine
any need for risk mitigation prior to flight. This will
allow practitioners to devise suitable plans for future
SFPs (which will be discussed in the next section of
this paper).

Exclusion criteria used in the 2014 centrifuge study

by Blue et al. included extremes of blood pressure, a
HbA1c above 8.0%, continuous supplemental oxygen
requirements, implanted defibrillators, and a number
of other conditions.z A similar list, albeit less stringent,
may be used to determine individuals who are either
not fit to fly, or who may need further evaluation or risk
mitigation prior to flying.

Research is needed in a multitude of fields to

develop standardised guidelines. This should primarily
include data pertaining to acceleration forces and

their effect on common physiological states and
pathophysiological conditions. The centrifuge studies
conducted by Blue et al. in 2014 only represented a
small portion of conditions.?®> Some areas that need

to be addressed include but are not limited to SFPs

of increasing age or weight, and those with common
medical conditions such as hypertension, diabetes,
lung disease and musculoskeletal disorders.

Hopefully this may lead to a well-defined list of absolute
and relative contraindications to suborbital spaceflight
that can be used worldwide. Recommendations
regarding medications are also needed. The evidence
concerning drugs in aviation may be adapted to
suborbital spaceflight, with recognition of the change in
scope as individuals move from the active responsibility
of aircrew to the passive SFP role.

In-flight medical emergencies will eventually occur
during suborbital spaceflights, regardless of any risk
mitigation strategies in place. Recommendations
differ for which medicines and medical equipment
should be available on commercial spaceflights.

A starting point may be to include those seen onboard
commercial aircraft, with the addition of anything
specific to spaceflight, such as anxiolytics given the
high prevalence of anxiety seen in previous studies.3
39 Autonomous flights require a different strategy
considering the lack of trained crewmembers available
to administer treatment.

In the long-term, with the growth of a point-to-point
space travel industry, commercial feasibility will require
a much broader base of potential customers, thus
relaxing many of the rules regarding medical fitness

to fly. Individualisation of review will be necessary to
ensure patient safety whilst increasing the number of
potential customers.

Centrifuge training

Centrifuge training would be beneficial for selection
and preparation of SFPs. Firstly, it will allow for
individualised evaluation of patients from a medical
point of view, whilst providing a safer environment
with more immediate access to medical intervention if
required.™ Secondly, it may assist in reducing anxiety
for the actual flight — particularly by using high-fidelity
centrifuge simulations with acceleration profiles closer
to that of a suborbital flight — which should contribute
positively to customer experience and satisfaction.*®
Finally, it will provide data for individual variability of
reactions to acceleration which may be used for
further research.

Difficulties with the simulation of hypergravity including
access and cost are current barriers to centrifuge
training. There is also concern that a ‘push-pull

effect’ akin to that seen in fast jet aviation will be
present in a suborbital flight profile.?® The inability to
effectively simulate microgravity in between periods

of hypergravity render studies pertaining to this difficult
to approach.

Parabolic flight, hypoxia training (e.g. hypoxia training
devices or hypobaric chambers), and emergency
egress training have also been suggested as methods
to increase patient comfort and safety.® 4° G-force
resistance training (i.e. anti-G straining manoeuvre
education) seems to be impractical given the minor
magnitude of +G, in suborbital flight.

Participant enjoyment is paramount to suborbital
spaceflight, so minimising training time where possible
is crucial.*? 4 Research shows that increased length of
centrifuge exposure is less impactful than high-fidelity
simulation.®® More training also incurs higher costs

for commercial providers. Therefore, it is expected
that short, high-fidelity centrifuge training may have
beneficial effects without impacting negatively on
participant experience. In the future, this training may
be useful for assessing only those deemed to be at
high-risk of medical compromise.
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Medical Safety Management System

Development of a Medical Safety Management System
(MSMS) has been proposed to provide a ‘business-
like approach’ for the detection and mitigation of
medical risks in suborbital spaceflight.®4? This strategy
was described in depth by Antufiano et al.® The four
key principles of such a system are the policy, risk
management, assurance and promotion of medical
safety. The overarching basis of an MSMS is to ensure
that every space vehicle occupant is provided with
appropriate medical screening, training and monitoring
throughout each stage of spaceflight, and that there

is an organised method of risk assessment and risk
management that will provide the best medical safety
for current and future customers.

Given expectations that the commercial space tourism
industry is likely to grow exponentially in coming
years, there is an opportunity to create something

of a universal database to log in-flight events and
guide further recommendations for flight.*® This was
supposedly suggested for the commercial aviation
industry, but did not occur as the idea was envisaged
too late in the development of the sector.®° Ideally, an
international database could be setup before private
companies start collating their own data individually
without standardisation. Unfortunately, there are

some major challenges that will likely prevent such a
database from being created. Financial costs, privacy
issues, commercial competition and liability concerns
all present hurdles that will most likely prevent this from
being created.*?

Therefore, it is recommended that private providers of
commercial suborbital spaceflight adopt an MSMS that
ensures maximum participant availability for financial
viability without compromising on safety.

CONCLUSION

Space travel does not come without its risks, both
known and unknown. As outlined by NASA regarding

a trip to Mars; space radiation, isolation, distance from
Earth, gravity fields, and hostile/closed environments
are expected to have a profound impact on the human
experience of space.* Exactly which of these and how
they may apply to commercial suborbital space flight is
not yet known. Whilst human safety has always been
paramount in the pursuit for furthering our knowledge of
the universe, the surge in space commercialisation this
millennium has seen an ever-increasing propensity for
companies attempting to innovate the field without fear
of failure.*s

At the time of writing, very few commercial
passengers have experienced suborbital space flight.
With increasing push for private spaceflight, this
number is expected to drastically increase over the
coming years.* Collective flight data over time should
provide more insights into how best to prepare these
inexperienced patients for flight.

Perhaps this modernisation of space exploration,
together with the need for more primary data, will
allow medical professionals to quickly gain a better
understanding of the effects of suborbital spaceflight
on the ordinary individual and how medical policy and
guidelines pertaining to the safety and efficiency of
human suborbital flight can be provided.

JASAM VOLUME 14, 2025 | 38



SURVIVING SPACE: A REVIEW OF THE MEDICAL CONSIDERATIONS OF ACCELERATION FORCE EXPOSURE IN COMMERCIAL SUBORBITAL SPACEFLIGHT

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Fong KL and Fan SW. An overview of the
physiological effects of sustained high +Gz forces
on human being. Ann Acad Med Singap 1997; 26:
94-103.

Aerospace Medical Association Commercial
Spaceflight Working Group. Suborbital commercial
spaceflight crewmember medical issues. Aviat
Space Environ Med 2011; 82: 475-484. DOI:
10.3357/asem.3015.2011.

Antufano MJ, Blue RS, Jennings R, et al.

The Commercial Spaceflight Industry: Medical
Challenges and Risk Mitigation. In: Young LR and
Sutton JP (eds) Handbook of Bioastronautics.
Cham: Springer International Publishing, 2021,
pp.625-639.

Peeters W. A Roadmap for Suborbital Commercial
Passenger Spaceflight. New Space 2013; 1: 81-90.
DOI: 10.1089/space.2013.0010.

SpaceX. Earth Orbit, https://www.spacex.com/
human-spaceflight/earth/index.html (2022,
accessed 27/07/2022).

Blue Origin. New Shepard Payloud User’s Guide.
2019.

Blue Origin. Replay: First Human Flight Pre-Launch
Mission Briefing. YouTube, 2021.

Rainford D and Gradwell D. Ernsting’s aviation and
space medicine. 2016.

Taylor D. Blue Origin NS-19 Inside Capsule
Experience. YouTube, 2022.

Blue Origin. New Shepard, https://www.blueorigin.
com/new-shepard/fly/ (2022).

Federal Aviation Administration. Code of Federal
Regulations. In: Transportation Do, (ed.).
eCFR2021, p. 955-959.

Pollock RD, Gates SD, Storey JA, et al. Indices
of acceleration atelectasis and the effect of
hypergravity duration on its development.
Experimental Physiology 2021; 106: 18-27. DOI:
https://doi.org/10.1113/EP088495.

Pollock RD, Jolley CJ, Abid N, et al. Pulmonary
Effects of Sustained Periods of High-G Acceleration
Relevant to Suborbital Spaceflight. Aerosp Med
Hum Perform 2021; 92: 633-641. 2021/09/11. DOI:
10.3357/AMHP.5790.2021.

Menden T, Alcain GB, Stevenson AT, et al. Dynamic
lung behavior under high G acceleration monitored
with electrical impedance tomography. Physiol
Meas 2021; 42 20210927. DOI: 10.1088/1361-
6579/ac1c63.

Rohdin M, Petersson J, Mure M, et al. Protective
effect of prone posture against hypergravity-
induced arterial hypoxaemia in humans. J Physiol
2003; 548: 585-591. 20030221. DOI: 10.1113/
jphysiol.2002.035956.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Prisk GK. Microgravity and the respiratory system.
European Respiratory Journal 2014; 43: 1459-
1471. DOI: 10.1183/09031936.00001414.

Ahmedzai S, Balfour-Lynn IM, Bewick T, et al.
Managing passengers with stable respiratory
disease planning air travel: British Thoracic Society
recommendations. Thorax 2011; 66: i1-i30. DOI:
10.1136/thoraxjnl-2011-200295.

Federal Aviation Administration. Recommended
Practices for Human Space Flight Occupant Safety.
In: Transportation OoCS, (ed.). 2014, p. 7-49.

Federal Aviation Administration. Frequently Asked
Questions (FAQs), https://www.faa.gov/space/
additional_information/fag#commercial6 (2022,
accessed 26/07/2022).

Rayman RB, Antufiano MJ, Garber MA, et al.
Medical guidelines for space passengers--1l. Aviat
Space Environ Med 2002; 73: 1132-1134.

Law J, Mathers C, Fondy S, et al. NASA's Human
System Risk Management Approach and Its
Applicability to Commercial Spaceflight. Aviation,
space, and environmental medicine 2013; 84: 68-
73. DOI: 10.3357/ASEM.3421.2013.

Jennings R and Vanderploeg JM. Flight Crew
Medical Standards and Spaceflight Participant
Medical Acceptance Guidelines for Commercial
Space Flight. 2012. Center of Excellence for
Commercial Space Transportation.

Blue RS, Pattarini JM, Reyes DP, et al. Tolerance
of Centrifuge-Simulated Suborbital Spaceflight
by Medical Condition. Aviation, Space, and
Environmental Medicine 2014; 85: 721-729. DOI:
10.3357/asem.3956.2014.

Blue RS, Blacher E, Castleberry TL, et al.
Centrifuge-Simulated Suborbital Spaceflight in

a Subject with Cardiac Malformation. Aerospace
medicine and human performance 2015; 86: 999-
1003. DOI: 10.3357/AMHP.4339.2015.

Blue RS, Reyes DP, Castleberry TL, et al.
Centrifuge-Simulated Suborbital Spaceflight

in Subjects with Cardiac Implanted

Devices. Aerospace Medicine and Human
Performance 2015; 86: 410-413. DOI: 10.3357/
AMHP.4122.2015.

Levin D, Blue R, Castleberry T, et al. Tolerance

of Centrifuge-Simulated Suborbital Spaceflight in
Subjects with Implanted Insulin Pumps. Aerospace
medicine and human performance 2015; 86: 407-
409. DOI: 10.3357/AMHP.4134.2015.

Suresh R, Blue RS, Mathers CH, et al.
Dysrhythmias in Laypersons During Centrifuge-
Simulated Suborbital Spaceflight. Aerosp Med
Hum Perform 2017; 88: 1008-1015. DOI: 10.3357/
amhp.4910.2017.

JASAM VOLUME 14, 2025 | 39


https://www.spacex.com/human-spaceflight/earth/index.html
https://www.spacex.com/human-spaceflight/earth/index.html
https://www.blueorigin.com/new-shepard/fly/
https://www.blueorigin.com/new-shepard/fly/
https://physoc.onlinelibrary.wiley.com/doi/10.1113/EP088495
https://www.faa.gov/space/additional_information/faq#commercial6
https://www.faa.gov/space/additional_information/faq#commercial6

SURVIVING SPACE: A REVIEW OF THE MEDICAL CONSIDERATIONS OF ACCELERATION FORCE EXPOSURE IN COMMERCIAL SUBORBITAL SPACEFLIGHT

28.

20.

30.

31.

32.

33.

34.

35.

36.

Pollock RD, Hodkinson PD and Smith TG. Oh G:
The x, y and z of human physiological responses
to acceleration. Exp Physiol 2021; 106: 2367-2384.
20211117. DOI: 10.1113/ep089712.

McKenzie | and Gillingham KK. Incidence of
cardiac dysrhythmias occurring during centrifuge
training. Aviat Space Environ Med 1993; 64: 687-
691.

Hanada R, Hisada T, Tsujimoto T, et al. Arrhythmias
observed during high-G training: proposed training

safety criterion. Aviat Space Environ Med 2004; 75:
688-691.

Kress JP, Pohiman AS, Alverdy J, et al. The
impact of morbid obesity on oxygen cost of
breathing (VO(2RESP)) at rest. Am J Respir Crit
Care Med 1999; 160: 883-886. DOI: 10.1164/
ajrccm.160.3.9902058.

Masa JF, Pépin J-L, Borel J-C, et al. Obesity
hypoventilation syndrome. European
Respiratory Review 2019; 28: 180097. DOI:
10.1183/16000617.0097-2018.

Robert I. White J and Alexander JK. Body oxygen
consumption and pulmonary ventilation in obese

subjects. Journal of Applied Physiology 1965; 20:
197-201. DOI: 10.1152/jappl.1965.20.2.197.

Caplan N and Newman C. William Shatner oldest
astronaut at 90 — Here’s how space tourism could
affect older people, https://www.space.com/how-
space-tourism-could-affect-older-people (2021).

Blue Origin. Blue Origin safely launches four
commercial astronauts to space and back.
blueorigin.com2021.

Cardus J, Burgos F, Diaz O, et al. Increase in
pulmonary ventilation-perfusion inequality with
age in healthy individuals. Am J Respir Crit
Care Med 1997; 156: 648-653. DOI: 10.1164/
ajrccm.156.2.9606016.

37.

38.

39.

40.

41.

42.

43.

44.

45.

CASA. Medication, https://www.casa.gov.au/
licences-and-certificates/medical-professionals/
dames-clinical-practice-guidelines/medication
(2021).

Blue RS, Bonato F, Seaton K, et al. The Effects
of Training on Anxiety and Task Performance in
Simulated Suborbital Spaceflight. Aerosp Med
Hum Perform 2017; 88: 641-650. DOI: 10.3357/
amhp.4807.2017.

Aerospace Medical Association Air Transport
Medicine Committee. Medical Emergencies:
Managing In-flight Medical Events. 2016.
Aerospace Medical Association.

Schroeder GS, Clark JC, Gallagher DM, et al.
Medical guidelines for suborbital commercial
human spaceflight: A review. Acta Astronautica
2021; 187: 529-536. DOI: https://doi.org/10.1016/j.
actaastro.2021.02.027.

Scott JPR, Stevenson AT and Lupa H. Space
Tourism - an acceleration physiologist’s
perspective. Aerospace Medical Association. 2012.

Blue RS, Jennings RT, Antunano MJ, et al.
Commercial spaceflight: Progress and challenges
in expanding human access to space. REACH
2017; 7-8: 6-13. DOI: https://doi.org/10.1016/].
reach.2018.08.001.

Mack A, Steelant J, Adirim H, et al. FAST20XX:
Achievements on European Suborbital Space
Flight. 2011, p.35.

Whiting M and Abadie L. 5 Hazards of Human
Spaceflight, https://www.nasa.gov/hrp/5-hazards-
of-human-spaceflight (2019).

Reingold J. Hondas in Space. Fast Company,
2005.

JASAM VOLUME 14, 2025 | 40


https://www.space.com/how-space-tourism-could-affect-older-people
https://www.space.com/how-space-tourism-could-affect-older-people
https://www.casa.gov.au/licences-and-certificates/medical-professionals/dames-clinical-practice-guidelines/medication
https://www.casa.gov.au/licences-and-certificates/medical-professionals/dames-clinical-practice-guidelines/medication
https://www.casa.gov.au/licences-and-certificates/medical-professionals/dames-clinical-practice-guidelines/medication
https://doi.org/10.1016/j.actaastro.2021.02.027
https://doi.org/10.1016/j.actaastro.2021.02.027
https://doi.org/10.1016/j.reach.2018.08.001
https://doi.org/10.1016/j.reach.2018.08.001
https://www.nasa.gov/hrp/5-hazards-of-human-spaceflight
https://www.nasa.gov/hrp/5-hazards-of-human-spaceflight

