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ABSTRACT
Valvular heart disease (VHD) is highly relevant in
the aircrew population as it may limit appropriate
augmentation of cardiac output in high-performance
flying and predispose to arrhythmia. Aircrew with VHD
require careful long-term follow-up to ensure that they
can fly if it is safe and appropriate for them to do so.
Anything greater than mild stenotic valve disease and/or
moderate or greater regurgitation is usually associated
with flight restrictions. Associated features of arrhythmia,
systolic dysfunction, thromboembolism and chamber
dilatation indicate additional risk and will usually require
more stringent restrictions. The use of appropriate
cardiac imaging, along with routine ambulatory cardiac
monitoring, is mandatory in aircrew with VHD.
Aortopathy in aircrew may be found in isolation or, more
commonly, associated with bicuspid aortic valve disease.
Progression rates are unpredictable, but as the diameter
of the vessel increases, the associated risk of dissection
also increases. Restrictions on aircrew duties, particularly
in the context of high-performance or solo flying, are
usually required in those with progressive dilation of the
aorta.
INTRODUCTION
Valvular heart disease (VHD) is relevant in the
aircrew population as it may interfere with appropriate augmentation of cardiac output in high-performance flying, and predispose to arrhythmia, in
all aircrew, which in turn may result in distraction
or incapacitation. In aviation, the current consensus
risk threshold for an acceptable level of risk of acute
incapacitation is 1% per annum (for dual pilot operations), a percentage calculated using engineering
principles to ensure the incidence of a fatal air accident is no greater than 1 per 109 hours of flying.
This is known as the ‘1% safety rule’.1

The effect of high-performance flying on both
valvular and aortic pathology is poorly understood,
with little or no scientific evidence to inform risk
assessment at such a low level of incapacitation.
However, the potential change in haemodynamics
and vascular shear stress due to sustained acceleration (increased G forces) mandates a pragmatic and
appropriately cautious approach in aircrew, particularly given the potential flight safety risks associated
with acute aortic disease. Aortic valve disease due to
a bicuspid aortic valve (BAV) is the most common
valvular pathology found in younger aircrew, with
either associated regurgitation or stenosis, or both,
while calcific aortic valve disease increases in prevalence in older aircrew, as with the general population. Valve prolapse with associated regurgitation
is the most common mitral pathology encountered
in aircrew. Other valve pathologies (such as rheumatic mitral stenosis, pulmonary and tricuspid
valve disease) are rare in developed countries
and seen relatively infrequently in aircrew. Aortic
disease may be associated with BAV or be due to an
inherited aetiology such as in Marfan’s disease. This
paper considers the screening and investigation of
valvular and aortic disease, the relevant aeromedical concerns, and the recommended follow-up
and aeromedical disposition of aircrew with these
conditions.

GENERAL AEROMEDICAL CONCERNS

The principal aeromedical concerns are similar for
all forms of VHD. They relate either to impaired
tolerance to increased sustained acceleration (G
forces), due to decreased ability to augment cardiac
output, or to secondary arrhythmia resulting from
atrial or ventricular dilatation. The lack of symptoms from VHD, until it is advanced, is of particular
concern in aircrew, and it should not be assumed

i
Evidence-based cardiovascular risk assessment in aircrew poses significant challenges in the aviation environment as data to support decision-making at the low level of tolerable risk in aviation are rarely available
from the published literature. As a result, there are discrepancies between aviation authority’s recommendations in different countries, and even between licensing organisations within single countries. The
NATO HFM-251 Occupational Cardiology in Military Aircrew working group is constituted of full-time
aviation medicine and aviation cardiology experts who advise both their militaries and civil aviation organisations including, but not limited to, the FAA, CAA, EASA and NASA. The recommendations of this group
are as a result of a 3-year working group that considered best clinical cardiovascular practice guidelines
within the context of aviation medicine and risk principles. This work was conducted independently of
existing national and transnational regulators, both military and civilian, but considered all available policies, in an attempt to determine best evidence-based practice in this field. The recommendations presented
in this document, and associated manuscripts, is based on expert consensus opinion of the NATO group.
This body of work has been produced to develop the evidence base for military aviation cardiology and
to continue to update the relevant civilian aviation cardiology advice following the 1998 European Cardiology Society aviation cardiology meeting.
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Contemporaneous management of valvular
heart disease and aortopathy in aircrew

Standards

G tolerance

Acceleration (G) is a centrifugal gravitational force that in flight
is usually applied to the vertical axis of the body (z-axis). If it is
experienced from head to foot, it is termed +Gz; through the
body in an anteroposterior direction (such as in take-off), +Gx.
Aircrew may be exposed to high levels of +Gz in manoeuvres
such as pulling out of a dive or into an inside loop; certain
aircraft manoeuvres, for example, an ‘outside’ loop or ‘bunt’
(pushing forward on the stick or control column), result in rapid
foot-to-head G loading, which is termed −Gz. In military aviation and aerobatics, exposure to significant +Gz results in an
exceptional strain on the cardiovascular system to maintain vital
cerebral and coronary perfusion under unusual attitudes. The
effect of even modest +Gz environments on the heart is shown
in table 1. The ability to effectively counter this increased acceleration is potentially blunted in moderate to severe VHD, and
individuals may become more susceptible to Gz-induced loss of
consciousness. Moderate to severe valvular stenosis represents a
potential restriction to cardiac output and may adversely affect
Gz tolerance in high-performance flight operations. In significant regurgitant valve disease, the ability to increase forward
stroke volume when required may be impaired, again potentially
decreasing Gz t olerance.
G exposure is also arrhythmogenic and may affect cardiac
output, and this effect may be exacerbated by concomitant VHD,
with the potential to cause distraction or incapacitation even at
low levels of G exposure6 and mandates caution in aircrew. As a
result, ambulatory cardiac monitoring is usually required for the
follow-up of aircrew with VHD, even if not haemodynamically
significant in a terrestrial (1Gz) environment. G forces from all
directions may potentially have an effect on aortic disease due
to altered haemodynamics and shear stress, although there is no
supporting evidence on this in the clinical or aviation medicine
literature.

Table 1 Effect of mild increase in sustained acceleration (+Gz) on
heart rate, stroke volume and cardiac output (adapted from DeHart RL
and Davis JR, Fundamentals of aerospace medicine41)
Parameter

+2 Gz

+3 Gz

+4 Gz

Heart rate
(bpm)

+14

+35

+56

Stroke Index
(mL/stroke/m2)

−24

−37

−49

Cardiac output
(% change)

−7

−18

−22

Infective endocarditis

The structural and haemodynamic abnormalities associated with
VHD are known to be associated with increased risk of infective endocarditis (IE). This is of additional concern in military
aircrew who may be required to operate in austere conditions.
The development of IE may cause a rapid deterioration in valve
function and is associated with thromboembolic phenomena,
which may both be catastrophic in the aviation environment.
These general principles underpin the necessity for close
follow-up of aircrew diagnosed with VHD to ensure appropriate restrictions on flight status are implemented when this
becomes necessary. National and international guidelines for the
follow-up of those with confirmed VHD should be considered
the minimum requirement for aircrew. However, it is anticipated
that they may be subject to more frequent follow-up, and more
extensively investigated, for occupational reasons.

APPROACHES TO SCREENING AND INVESTIGATION

It is common that VHD remains asymptomatic until it is severe,
and history may therefore be unremarkable; however, careful
examination may reveal a cardiac murmur. Aortic pathology
may be found in association with valve disease or identified in
isolation, again often in asymptomatic individuals. Many young,
fit individuals will be found to have no significant pathology,
and flow murmurs are common; however, in aircrew, the finding
of a murmur mandates further assessment for VHD and, if
confirmed, possible associated arrhythmia; restrictions may be
required while this is undertaken.

INVESTIGATIONS

The use of adequate imaging in aircrew is mandatory. As per
standard clinical follow-up, it should be self-evident that the
assessment of an individual with VHD, whether aircrew or not,
requires consideration of the effect on overall cardiac function,
in addition to the severity of the valve lesion. At each follow-up
assessment, ambulatory cardiac monitoring to look for possible
occult arrhythmia and assessment of cardiac chamber size, in
addition to the assessment of valve severity, should be considered. The presence of arrhythmia increases the risk to aircrew
and will likely result in more stringent restrictions to flight status.

ii

Aircrew are defined somewhat differently in civil and military aviation. NATO and ICAO delegates the definition of aircrew to
national authorities. In the civilian sector, aircrew are often categorised as flight crew (pilots)/technical crew memb ers and cabin crew,
with separate regulation for air traffic controllers. The military define aircrew more broadly as ‘persons having duties concerned with
the flying or operation of the air system, or with passengers or cargo when in flight’. From a risk perspective, professional (commercial) pilots have a higher attributable risk than private pilots and non-pilot aircrew. Controllers are considered to have an attributable
risk equivalent to professional pilots. From a cardiovascular perspective, aircrew whose flying role includes repetitive exposure to
high-acceleration forces (G z ) comprise a subgroup who, due to the unique physiological stressors of this flight environment, often
require specific aeromedical recommendations. A more detailed description of aircrew is available in Table 1 of the accompanying
introductory paper on aviation cardiology. (Nicol ED, et al. Heart 2018;105:s3–s8. doi:10.1136/heartjnl-2018-313019).
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that VHD will be detected on auscultation at periodic medical
examination.2 3 The unpredictable and variable natural history of
VHD, especially in its early stages, and lack of effective medical
therapy are additional challenges in aircrew. Aircrew follow-up
is likely to be more frequent than in the general population due
to the licensing implications of any change in severity of valve
lesions and its associated risk. In those who meet standard international criteria for intervention, consideration of the optimal
surgical or interventional techniques (where a choice exists)
for aircrew requires close liaison between the cardiovascular
surgeon and aviation medical examiner (AME) from an early
stage. The requirement for licensing restrictions post-cardiac
surgery also requires an understanding of the effect of the aviation environment on cardiac physiology and anatomy.4 5 In those
with arrhythmia, the risk of thromboembolic events must also
be borne in mind, such as in those with atrial fibrillation (AF)
secondary to VHD. For those with valve prostheses, embolic risk
and arrhythmia remain an issue.6

Standards
As in the wider population, trans-thoracic echocardiography
(TTE) permits rapid, accurate, non-invasive and relatively cheap
assessment of valve structure and function in aircrew. As such, it
is the first-line investigation in those with suspected VHD.7 8 It
is also the imaging modality of choice for follow-up of aircrew
with known VHD, if TTE windows permit adequate image
quality. When there is poor image quality, or uncertainty about
the severity of VHD on TTE (eg, due to eccentric regurgitant
jets, or an angulated aortic root), additional imaging with transoesophageal echocardiography or cardiac magnetic resonance
(CMR) may be required. Given the lack of sensitivity of auscultation, there is an argument for screening all aircrew with echocardiography, as well as ECG, particularly in applicants who
wish to undertake high-performance flying. However, the yield
of such screening is low, and potentially expensive, so therefore
not usually deemed cost-effective. As a result, echocardiography
is usually only undertaken if occupational concerns arise from
standard periodic medical examination. Although the proximal
ascending aorta, aortic arch and proximal descending aorta
may be well seen on TTE, when aortic pathology is suspected,
imaging of the whole thoracic aorta with CMR or CT permits
more complete assessment of the aorta.

Cardiac MRI and cardiovascular CT

Cardiac MRI (CMR) can provide accurate quantitative assessment
of valvular regurgitation, which can be difficult to assess by echocardiography. It may also help with prognostication.9 10 The assessment of pulmonary valve disease and the right heart is a strength
of CMR, in addition to the assessment of the thoracic aorta
without the need for intravenous contrast or exposure to ionising
radiation. As outlined above, baseline imaging of the aorta should
include either CT or CMR when aortopathy is suspected. When
there is suspicion of significant interval change on follow-up,
additional baseline imaging with either CT or CMR should also
be considered. Consideration should be given to using CMR first
line for the follow-up of aortic disease in aircrew to reduce longterm radiation exposure, particularly in younger aircrew.

Electrocardiography and ambulatory cardiac monitoring

A standard 12-lead ECG may provide additional information
on arrhythmias or left ventricular hypertrophy (LVH) in aircrew
with suspected or confirmed VHD. LVH by ‘voltage criteria’ is a
common finding in aircrew without VHD but may be associated
with underlying aortic stenosis (with or without strain pattern)
and may be associated with increasing severity of disease.11
These findings, in aircrew in whom there is a suspicion of VHD,
should therefore prompt further assessment, including echocardiography. Ambulatory ECG monitoring is useful to assess
for associated arrhythmia in those with VHD. The detection
of paroxysmal AF, or significant conduction disturbances, will
impact on aircrew licensing decisions. In aircrew with suspected
or confirmed VHD, ambulatory cardiac monitoring should
be undertaken at diagnosis and periodically during follow-up.
The potential for arrhythmia persists after surgery for VHD,
and aircrew who have undergone valve surgery and wish to be
considered for a return to flight status will also require regular
assessment with ambulatory monitoring.

Exercise stress testing, coronary angiography and cardiac
catheterisation

As with the general population, the use of exercise stress testing
in VHD is primarily for the objective assessment of symptoms
D’Arcy JL, et al. Heart 2019;105:s57–s63. doi:10.1136/heartjnl-2018-313056

and exercise capacity.12 It often forms part of the routine
screening process in military aircrew with suspected VHD and is
also be used for risk stratification in civilian aviation risk assessment, especially in those with suspected or confirmed moderate
or severe valve disease.13 In accordance with established guidelines, the use of invasive assessment of VHD should only be
undertaken when non-invasive assessment is inconclusive or
used preoperatively to assess for possible coexistent coronary
artery disease.7 8
Assessment of suspected and confirmed valvular
heart disease
In aircrew with suspected VHD, structural and
functional assessment with cardiac imaging is
required. If pathology is detected, assessment for
possible associated occult arrhythmia (with 24hour Holter monitoring) is strongly recommended.
Limitations on aircrew duties may be required while
under investigation

Strongly recommended

In aircrew with VHD in whom TTE imaging is
suboptimal, or when measurement of accurate
severity is challenging, CMR should be strongly
considered to assist with optimal assessment

Strongly recommended

In aircrew diagnosed with VHD, ambulatory cardiac
monitoring should be performed at diagnosis, and,
if potentially haemodynamically significant, at each
follow-up visit

Strongly recommended

In aircrew who have undergone surgery for
VHD, ambulatory cardiac monitoring should be
performed at 6 and 12 months post-surgery, and
then annually

Strongly recommended

Aircrew with VHD require long-term follow-up,
which must be at least as frequent as described
in national and international guidelines for
non-aircrew. More frequent follow-up should be
strongly considered when VHD is approaching
a severity which may require a change to flying
duties

Strongly recommended

AORTIC VALVE DISEASE
Aortic valve disease in the younger aircrew population is most
commonly secondary to BAV disease. The prevalence of BAV is
reported in 1% of the population14; it is associated with aortic
stenosis, regurgitation, increased risk of endocarditis, aortic dilatation and aortic coarctation. The prevalence of aortic regurgitation in BAV is high,15–17 and significant aortic regurgitation
(AR) and aortic stenosis (AS) both occur at a younger age than in
those with tricuspid aortic valves.17 18 Therefore, in aircrew with
BAV, there may be a greater likelihood of requiring intervention during their flying career. Surveillance of aircrew with BAV
should therefore be at least as stringent as in those with morphologically normal aortic valves. BAV is also associated with higher
rates of IE,19 20 which is particularly relevant for military aircrew
who may be required to operate in austere conditions. Genetic
factors in BAV are widely recognised, and international guidance
recommends TTE screening for BAV in those with a first-degree
relative with BAV.7 Whether or not to pursue such a screening
policy in aircrew applicants remains a decision for individual
agencies.
In older aircrew, the prevalence of degenerative disease
increases and AS is the most common valve lesion requiring
intervention.21 AR is most commonly due to degenerative
disease of either tricuspid or bicuspid aortic valves.21 Over time,
haemodynamically significant regurgitation can result in volume
overload of the left ventricle (LV), with consequent remodelling
s59

Heart: first published as 10.1136/heartjnl-2018-313056 on 13 November 2018. Downloaded from http://heart.bmj.com/ on December 2, 2021 by guest. Protected by copyright.

Echocardiography

Standards

Aortic valve disease
Aircrew with any lesion greater than mild aortic
stenosis should be considered unfit for
high-performance and solo flying

Not recommended

Aircrew with moderate aortic regurgitation should be
carefully assessed and consideration given to multicrew
pilot roles only

Consider

Aircrew with severe aortic stenosis, or severe
regurgitation, should be considered unfit for flying
duties

Not recommended

In aircrew known to have aortic valve disease,
including BAV, national and international guidelines
for follow-up should be the minimum standard,
and more frequent follow-up may be required for
occupational reasons

Strongly recommended

Aircrew with BAV should have comprehensive and
Strongly recommended
regular surveillance imaging of the thoracic aorta, as well
as valve surveillance, at least as frequently as recognised
guidelines recommend
Aircrew with any degree of valvular stenosis who
have symptoms, arrhythmias, thromboembolic
disease, moderate or greater atrial dilatation, or
systolic dysfunction, should also be considered unfit
for flying duties

Not recommended

MITRAL VALVE DISEASE
Mitral regurgitation, secondary to valve prolapse, is the the most
common form of VHD detected on population screening.29 30 It
is most commonly a chronic degenerative process, and symptoms are present only with advanced disease or when arrhythmia
supervenes. Over 5 years of follow-up, increasing severity of MR
is seen in over a third of patients,31 while left atrial dilatation
associated with MR increases risk of AF. AF is common with MR
and is also associated with worse outcomes.32 Mitral stenosis is
now uncommon in Western populations due to the decline of
rheumatic fever.21 30
The arrhythmic potential of mitral valve disease is a significant
concern in aviation, driven by left atrial dilatation associated
with both mitral stenosis and regurgitation. The potential for
distraction or even incapacitation in aircrew with AF associated
with mitral valve disease is an important consideration. AF also
carries a thromboembolic risk which is increased in mitral valve
disease, due to decreased forward flow and left atrial enlargement. The detection of AF, thromboembolism or significant
atrial enlargement is therefore likely to be associated with additional restriction to flight duties beyond those which would be
associated with the valve lesion alone.
s60

Mitral valve disease
Aircrew with mitral stenosis, or moderate or greater
mitral regurgitation should be considered unfit for
high-performance flying

Not recommended

Aircrew with moderate mitral regurgitation should be
carefully assessed and consideration given to multicrew
pilot roles only

Consider

Aircrew with severe mitral regurgitation should be
considered unfit flying duties

Not recommended

Aircrew with arrhythmia or systolic dysfunction associated
with mitral valve disease should be considered unfit
for flying duties

Not recommended

TRICUSPID AND PULMONARY VALVE DISEASE
Tricuspid valve disease is uncommon in aircrew; tricuspid
regurgitation (TR) is more likely to be secondary or functional
in aetiology than due to primary valve disease. Mild TR is an
unremarkable finding in isolation, while haemodynamically
significant TR gives rise to dilatation of the right atrium and
right ventricle (RV) and may cause fatigue and dyspnoea; it is
also associated with a significant risk of AF.33 34 The underlying
aetiology of secondary TR is likely to dictate management of
aircrew, rather than the TR itself. Although it may persist after
intervention on associated left-sided valve lesions,35 the interventions themselves are likely to result in flying restrictions.
When TR is the dominant feature, the risks associated with AF
drives aircrew restrictions.
Tricuspid stenosis (TS) is rarely seen in Western countries,
as it is most commonly rheumatic, congenital, associated with
carcinoid or Whipple’s disease, or treatment with ergot-like
drugs. TS is associated with cardiac failure and fatigue and
limits the ability to increase forward stroke volume. In rheumatic disease, TS is almost always associated with left-sided
VHD, which tends to be more prominent. As a result, restrictions in aircrew are most likely to be dictated by associated
valve lesions. When TS is due to other disease or drugs, the
restrictions required by these are likely to require restrictions
to flying duties.
Mild pulmonary regurgitation (PR) is considered a normal
finding and does not require licensing restriction. Greater
degrees of PR are associated with underlying conditions or may
follow intervention for pulmonary stenosis (PS) or other congenital abnormalities. Aeromedical concerns in PR therefore relate
to the underlying condition or to the potential for low cardiac
output and arrhythmia with associated RV dysfunction.
PS is a common congenital abnormality in isolation but is
also found in association with more complex defects, which
are discussed elsewhere.36 Significant PS results in RV hypertrophy and is also associated with secondary TR. Mild and
moderate PS have been shown to have long-term survival
similar to those of the normal population37 and progression
is rare; however, these increase the risk of arrhythmia, which
is an important consideration in aircrew. Severe PS is likely to
present in the neonatal period, requiring urgent assessment and
management; this is unlikely to present in aircrew or applicants.
However, if interventions have been undertaken as neonates,
this will require specific consideration on licensing application.
As with aortic and mitral valve disease, aircrew with any
pulmonary or tricuspid stenotic lesion greater than mild in
severity should be deemed unfit for high-performance aircraft
and unfit for solo flying. In moderate or severe tricuspid or PS,
aircrew should be considered unfit for flying duties. In those
D’Arcy JL, et al. Heart 2019;105:s57–s63. doi:10.1136/heartjnl-2018-313056
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with eccentric hypertrophy, dilatation and systolic dysfunction.
These features are associated with increased arrhythmic risk and
decreased ability to increase forward stroke volume. Once AR
is moderate in severity, it progresses faster than when mild, and
bicuspid and degenerative disease are also associated with more
rapid progression.22 23 Regurgitant volume and LV volumes also
provide useful information on likelihood of progression.24 Data
on aircrew in the United States Air Force demonstrate significant
rates of progression during follow-up25 with those with severe
AR demonstrating annual event rates (symptoms, LV dysfunction
or sudden death) of 3%–6%,26–28 which significantly exceeds the
1% threshold commonly used for multicrew operations in aviation. As aortic valve disease progresses, it may be associated with
both atrial and ventricular dilatation and subsequent arrhythmia,
so both the valve lesions and clinical sequelae are pertinent to
risk assessment in the aviation environment.

Standards

Tricuspid and pulmonary valve disease
Aircrew with mild or greater tricuspid or pulmonary
stenosis, or moderate, or greater, tricuspid or pulmonary
regurgitation should be considered unfit for highperformance flying

Not recommended

Aircrew with moderate tricuspid or pulmonary
regurgitation should be carefully assessed and
consideration given to multicrew pilot roles only,
dependent on aetiology

Consider

Aircrew with severe tricuspid or pulmonary
regurgitation should be considered unfit for flying
duties

Not recommended

Aircrew with arrhythmia or systolic dysfunction associated
with mitral valve disease should be considered unfit
for flying duties

Not recommended

AORTIC DISEASE

Disease of the thoracic aorta, either with associated VHD or in
isolation, requires careful consideration in the aircrew, particularly those who operate in the high-performance environment.
Although the prevalence of aortic aneurysm is low before the age
of 55, the increase in age of the aircrew population means it is
likely to be seen more frequently in this group. Aortopathy associated with BAV is well recognised, and aortic aneurysms have
been reported in up to 20%16 38; despite this, rates of dissection in BAV are very low under normal terrestrial conditions.16
However, in aircrew, concern arises about how the high-G environment might impact on underlying aortopathy. Exposure to
rapid manoeuvring and high levels of G, in any orientation, with
the use of the anti-G straining manoeuvre has the potential to
put additional mechanical stresses on the aorta, beyond those
experienced in the terrestrial environment. Therefore, careful
assessment and follow-up of the whole thoracic aorta is required,
using recommended imaging modalities.7 39
The main concern with thoracic aortic aneurysms is the
potential for dissection. The risk of dissection has been shown
to increase more rapidly when the diameter of the ascending
aorta is above 6 cm.40 When aneurysm formation is associated
with another condition, such as BAV or Marfan syndrome, the
risk of dissection is higher; this mandates a more cautious aeromedical approach to these individuals. Although aortic dilatation may be associated with hypertension, or BAV, it can also
be due to conditions such as Marfan syndrome, Loeys-Dietz or
connective tissue disorder. Underlying conditions causing aortic
dilatation are likely to have additional aeromedical ramifications beyond the heart, but also tend to have higher incidences
of aortic dissection; thresholds for intervention may therefore
be lower. Intervention for aortic aneurysms should be undertaken for the same indications as in standard clinical practice, although liaison between AME, surgeon and the aircrew
member may assist in choosing a surgical technique most suited
to the individual.
In those with a tricuspid aortic valve, and no associated
underlying condition, recommended guidance for consideration
of aircrew restriction (not surgical intervention) are laid out in
table 2, and for those with a BAV in table 3.
D’Arcy JL, et al. Heart 2019;105:s57–s63. doi:10.1136/heartjnl-2018-313056

Aortic disease
Aircrew with thoracic aortic aneurysm should have
comprehensive and regular surveillance imaging of the
thoracic aorta, at least as frequently as recognised guidelines
recommend

Strongly
recommended

CONCLUSION

VHD represents a challenge to aviation medicine practitioners
as rates of progression in milder forms of disease that may be
relevant to aviation medicine, but of less clinical concern in the
terrestrial environment, are variable and hard to predict due
to paucity of evidence, and are often asymptomatic until late
in the disease. Regular auscultation at aircrew examination is
important for the potential detection of VHD. It requires careful
long-term follow-up to ensure that aircrew can fly if it is safe
and appropriate for them to do so, and to ensure that restrictions to flight duties are imposed when required. Stenotic valve
disease, if more than mild, is of concern due to the potential risk
of impaired Gz tolerance, while moderate or greater regurgitation is associated with a greater risk of arrhythmia, which may
result in distraction or even incapacitation; arrhythmia may also
lower Gz tolerance. Associated features of arrhythmia, systolic
dysfunction, thromboembolism and chamber dilatation indicate
additional risk, and will require more stringent restrictions. The
use of appropriate cardiac imaging, along with routine ambulatory cardiac monitoring, is therefore mandatory in aircrew with
VHD. A summary of recommendations can be found in table 4.
Thoracic aortic aneurysm may be seen in isolation, or in
association with bicuspid aortic valve disease. Progression rates
are unpredictable, but as the diameter of the vessel increases,
the associated risk of dissection also increases. Restrictions on
aircrew duties, particularly in the context of high-performance
or solo flying, are therefore likely to be required with progressive dilation of the aorta.
As with all cardiovascular conditions, intervention for VHD
and aortic aneurysm should be in accordance with contemporary established guidelines and should not be undertaken for the
purposes of affecting licensing requirement. A return to unrestricted flying following intervention for VHD or aortic disease
is unlikely. Discussion of the anticipated impact of intervention

Table 2 Recommendations for aeromedical limitations for aortic
dilatation in those with tricuspid aortic valves
Aortic root diameter
(BSAID) (cm/m2)

Rate of change (cm/
year)

 <4.5

<0.5

Unfit for high-performance
flying

 4.5–5.0

<1

Unfit for solo flying

 >5.0

>1

Unfit for flying duties

Aeromedical limitations

BSAID, body surface area indexed diameter, measured value ×1.73/BSA (m2).

Table 3 Recommendations for aeromedical limitations for aortic
dilatation in those with bicuspid aortic valves
Aortic root diameter
(BSAID) (cm/m2)

Rate of change (cm/
year)

 <4.25

<0.5

Unfit for high-performance
flying

 4.25–4.5

0.5–1

Unfit for solo flying

 >4.5

>1

Unfit for flying duties

Aeromedical limitations

BSAID, body surface area indexed diameter, measured value ×1.73/BSA (m2).

s61
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with moderate regurgitation, they should be considered unfit
for solo and high-performance flying, but may be considered
for multicrew flying duties if the associated aetiology does not
necessitate a more restrictive approach. In addition, the presence
of symptoms, arrhythmias, thromboembolic disease, moderate
or greater atrial dilatation, or systolic dysfunction should also
indicate that aircrew should be grounded.

Standards
Summary table of the recommended restrictions for aircrew with valvular heart disease

Aortic stenosis

>Mild

Moderate

Severe

Unfit for high-performance
aircraft

Unfit for solo

Unfit

Aortic regurgitation
Mitral stenosis

Unfit for high-performance aircraft Unfit
Unfit for solo
Unfit for high-performance
aircraft
Unfit for solo

Mitral regurgitation
Tricuspid stenosis

Unfit

Unfit

AF large atrium

Unfit for high-performance aircraft Unfit
Unfit for solo
Unfit for high-performance
aircraft
Unfit for solo

Tricuspid regurgitation
Pulmonary stenosis

Additional considerations

Unfit for high-performance
aircraft
Unfit for solo

Pulmonary regurgitation

Unfit

Unfit

Arrhythmia, systolic dysfunction

Unfit for high-performance aircraft Unfit
Unfit for solo

Arrhythmia

Unfit

Arrhythmia

Unfit

Unfit for high-performance aircraft Unfit
Unfit for solo

Arrhythmia, RV systolic
dysfunction

AF, atrial fibrillation; RV, right ventricle.

on flying status may be helpful for the individual to understand
prior to undergoing a procedure, but it should not be the dominant factor in deciding on timing or technique.
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