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This article provides an overview of the recommendations of the Aviation and Occupational Cardiology Task Force of the European
Association of Preventive Cardiology on returning individuals to work in high-hazard occupations (such as flying, diving, and workplaces
that are remote from healthcare facilities) following symptomatic Coronavirus Disease 2019 (COVID-19) infection. This process requires
exclusion of significant underlying cardiopulmonary disease and this consensus statement (from experts across the field) outlines the ap-
propriate screening and investigative processes that should be undertaken. The recommended response is based on simple screening in
primary healthcare to determine those at risk, followed by first line investigations, including an exercise capacity assessment, to identify
the small proportion of individuals who may have circulatory, pulmonary, or mixed disease. These individuals can then receive more
advanced, targeted investigations. This statement provides a pragmatic, evidence-based approach for those (in all occupations) to assess
employee health and capacity prior to a return to work following severe disease, or while continuing to experience significant post-
COVID-19 symptoms (so-called ‘long-COVID’ or post-COVID-19 syndrome).
...................................................................................................................................................................................................
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Introduction

A novel strain of coronavirus [severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)] emerged in Wuhan, China at the end
of 2019 spreading rapidly across the globe with widespread

transmission. The novelty of this virus means that knowledge of
transmission, clinical features, treatment, and long-term consequen-
ces of infection is incomplete and continues to develop.

SARS-CoV-2 infection [more commonly described as
Coronavirus Disease 2019 (COVID-19)] usually manifests as a non-
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specific viral respiratory tract infection, with fever, cough, breathless-
ness, dysgeusia, and anosmia being the predominant reported symp-
toms. The presentation is variable however, and headache, fatigue,
sore throat, loss of appetite, and gastrointestinal symptoms may all
also represent the predominant presenting features.1

An estimated 20% of COVID-19 infections are asymptomatic, and
most symptomatic COVID-19 infections are not severe. Early studies
identified consistently that of those symptomatic cases admitted to
hospital, 10–20% of cases were admitted to critical care, 3–10% were
intubated, and 2–5% died.2 Morbidity and mortality from COVID-19
increase with age, increased body mass index (BMI),3 and chronic
comorbidity, including cardiopulmonary disease, diabetes, and hyper-
tension.4–6

COVID-19 infection is associated with multisystem pathology,
including acute cardiopulmonary, renal, and neurological sequelae.2

From a cardiorespiratory perspective, hospitalized cases are com-
monly associated with breathlessness and hypoxia, with bilateral infil-
trates on chest X-ray and bilateral ground glass shadowing on chest
computed tomography (CT) with a predilection for the periphery
and inferior lobes. Chest X-ray can be normal on admission.

Direct cardiovascular effects of COVID-19 include myocardial in-
jury or myocarditis, and early reports suggested the incidence of
myocarditis was as high as to 15–60%.7,8 More recent data suggest
that this figure is likely a significant overestimate.8–10 In individuals
who work in high-hazard occupations exclusion of significant cardio-
pulmonary pathology remains a critical component of occupational
risk assessment, exercise rehabilitation,11 and return to work.

Most individuals who suffer from symptomatic COVID-19 recover
within a few weeks, with no ongoing clinical disease manifestations.
However, �10% of individuals have residual symptoms beyond
this.12 Post-COVID-19 syndrome, sometimes referred to as ‘long-
COVID’ is a poorly defined entity, which encapsulates a myriad of
physical and neurocognitive symptoms. A PubMed review of the lit-
erature was undertaken and highlighted the paucity of specific manu-
scripts that relate to the recovery period for SARS-CoV-2 which is
understandably dominated by an older cohort of (usually hospital-
ized, and most ventilated) patients.13 Much of this data are not applic-
able to the younger working age cohort we address in this article and
evidence in this area remains understandably limited, hence this pos-
ition statement.

The UK National Institute for Healthcare Excellence (NICE)
describes patients with ongoing signs and symptoms between 4 and
12 weeks following initial symptoms as ‘ongoing symptomatic
COVID-19’ and those, with ongoing symptoms beyond 12 weeks
(with no alternative explanation) as ‘post-COVID-19 syndrome’.14

This is the terminology used throughout this position statement,
which will focus on cardiopulmonary assessment but highlight rele-
vant additional clinical manifestations.

The challenge in assessing patients with ongoing symptoms follow-
ing COVID-19 infection is the requirement to discriminate symptoms
caused by organ pathology, from those caused by a more typical
post-viral syndrome, documented in many well-characterized viral
diseases.15 This challenge is often compounded by health anxiety,
which is particularly pertinent to employees undertaking high-hazard
work due to additional concerns regarding future employment.16

Whilst the overall likelihood of significant pathology in this cohort

maybe low, employers need to be able to sign off an employee to
undertake their high-hazard (and high risk) employment, and to en-
sure risk is mitigated. Even those who are asymptomatic, may need
investigation, given that subclinical disease may be occupationally
significant.

For employees undertaking high-hazard work and presenting
with cardiopulmonary symptoms (such as dyspnoea and chest
pain), occupational health physicians should be provided with oc-
cupationally contextualized clinical data. After consultation with
specialist clinicians, this will enable them to reassurance the pa-
tient and to give appropriate risk advice to the employer and to
ensure that employees are fit for exercise rehabilitation and grad-
uated or managed return to work. High-hazard work applies to
persons who engage in physically demanding (military), or safety
critical occupations (commercial transportation), particularly in
environments that expose individuals to hypoxia (flying), baro-
metric or environmental extremes (including diving, flying, moun-
taineering, polar, mountain and cold-storage workers etc.),
isolated working (offshore and polar workers etc.), or those who
may be re-exposed to COVID-19 (healthcare workers).

Classification of high-hazard
employment

High-hazard employment encompasses specific roles in which dis-
traction, incapacitation, or physical impairment may lead to morbidity
or mortality of the individual, or others, either directly (e.g. aircraft
accident) or indirectly (e.g. due to damage to the environment). Risk
may be compounded further by the physical environment in which
individuals work. This includes, but is not limited to, acceleration
forces in fast jet pilots, thermal loads (firefighters), hypo-/hyperbaric
environments (aircrew and divers), or remoteness from healthcare
(military, polar workers, miners, mariners etc.).17 Many workers in
these environments may be required to undergo periodic maximal
fitness tests to continue their employment.

Detailed guidance on the assessment of high-hazard workers is be-
yond the scope of this article but information has been published pre-
viously (mainly in aviation cardiology) on general principles, nuanced
risk assessment, and the approach to sub-specialty cardiology in this
cohort.18 Specific hazards pertinent to various ‘high risk’ professions
are provided in Table 1, highlighting why these cases need a differen-
tial approach from standard clinical assessment.

General evaluation of high-hazard
employees post-COVID-19
infection

The effects of COVID-19 infection will vary amongst employees.19

The majority who are symptomatic will develop only mild symptoms
and will have no clinical sequelae. However, some will be hospitalized
and a proportion of those may receive high-dependency or critical
care [high-flow oxygen/CPAP/non-invasive ventilation (NIV)/invasive
ventilation]. Additionally, some may develop severe symptoms in the
community, but not present to healthcare services.

2 R. Rienks et al.
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.The longer-term effects of COVID-19 infection (post-COVID-19
syndrome) remain poorly understood, but based on evidence to
date, are more likely to be significant in those with more fulminant
presentations (hospitalized or not), and with known risk factors for
more severe disease (increased age, elevated BMI, pre-existing car-
diopulmonary disease, diabetes, and cancer).3–6

It is essential that individuals who work in high-hazard occupa-
tions who have had previous confirmed, or presumed, symptom-
atic COVID-19 infection are appropriately medically risk assessed
prior to return to work or training. This is to ensure exclusion of
significant pathology and support appropriate rehabilitation,12 to
optimize return to work, and, where required, to ensure appro-
priate work restrictions/graduated-return-to-work programmes
are implemented.

Any individual who has acute cardiovascular symptoms, such as ar-
rhythmia, heart failure, or chest pain should be treated accordingly
and noting that acute COVID-19 has been associated with heart
muscle disease, increased acute coronary syndromes and arrhyth-
mias. In this instance, extensive investigation is likely in those who
undertake high-hazard occupations, and depending on the acute car-
diovascular manifestations thorough imaging [likely echocardiog-
raphy, cardiac magnetic resonance imaging (MRI) and potentially CT
coronary angiography] and electrophysiological testing [exercise
electrocardiogram (ECG), Holter etc.] may be required both in the
acute phase and prior to consideration of return to work.

Out with those individuals with an acute cardiac presentation, any
individuals who have had a symptomatic COVID-19 infection should
be initially reviewed by occupational health departments or primary
healthcare providers to triage their clinical or rehabilitation needs,
and to assess fitness to return to unrestricted work or training. The
employer has a responsibility to identify workers that might require
this review and to refer them to the appropriate primary/occupation-
al facility for initial assessment.

All workers that have had a confirmed or a presumed symptomatic
COVID-19 infection (i.e. have had COVID-19-like symptoms) should
undergo triage (as outlined in Figure 1). Where individuals have had
no symptoms at any time, no action (beyond initial isolation in ac-
cordance with infection control guidance) is required.

Workers who are currently unwell with COVID-19 symptoms or
are <4 weeks into their recovery since the onset of symptoms,
should continue to be managed in accordance with local clinical
guidelines for acute COVID-19 infection. The employer should con-
sider establishing procedures to check that symptomatic employees
have accessed appropriate acute medical care. Both clinical and re-
habilitation pathways must be in place for high-hazard employees
that have had COVID-19.

The threshold for referral to clinical assessment will be determined
by the employer taking into account the employee’s specific role,
their working environment and the organizational risk threshold of
the employer, or statutory body [e.g. European Aviation Safety

....................................................................................................................................................................................................................

Table 1 Specific hazards pertinent to various ‘high risk’ professions, highlighting why these cases need a differential
approach from standard clinical assessment

Occupation Environmental/occupational risks Additional clinical cardiovascular

considerations

Commercial transportation:

Pilot Aircrew—hypoxia, hypobaria, sustained

acceleration

Non-pilot aircrewa

Heavy Goods Vehicles

Train drivers

Professional taxi services

• Barometric and environmental effects
• Effects of sustained acceleration (i.e. þGz)
• Loss of control of vehicle; risk to passengers,

others

Statutory regulations on risk tolerance for cardio-

vascular disease

Maximum risk of incapacitation:

1% pilots, 2% Heavy Goods Vehicle etc.

Effect on environment on occult cardiovascular

disease

Emergency services

Fire crew

Police

• Thermal load
• Emotional stress

Effect on environment on occult cardiovascular

disease

Divers • Barometric pressure,
• Remoteness

Effect on environment on occult cardiovascular

disease

Military • Physically demanding occupational roles
• Remoteness and timely access to healthcare

Serious event may become life-threatening with-

out timely access to appropriate specialist care

Isolated/Remote workers

Mountaineering, polar workers

Space

Offshore (e.g. Oil-rig) workers

• Barometric and environmental effects
• Effects of zero G environment
• Timely access to healthcare

Serious event may become life-threatening with-

out timely access to appropriate specialist care

Effect on environment on occult cardiovascular

disease

aSuch as navigators and weapons systems operators of high-performance aircraft, or others who have a mission critical role.

Cardiopulmonary assessment prior to returning to high-hazard occupations 3
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Agency (EASA) standards for aircrew]. This enables the employer
(who has a duty of care to their employees) to sign off an employee
to undertake their employment, even if asymptomatic, given that
subclinical disease may be occupationally significant. Organizations
whose primary role is to deliver outputs that rely on high-hazard
activities should consider dedicated services to support their
employees.20–22

An example flow chart for post-COVID-19 risk-assessment
for high-hazard employees is shown in Figure 1.

Initial clinical assessment of high-
hazard employees post-COVID-19
infection

Initial clinical assessment is designed to be simple and to capture
the severity of COVID-19 infection amongst high-hazard employ-
ees whilst identifying those with persistent symptoms or signs that
may impact on occupational function (as outlined in Figure 2).
These employees can be directed to the appropriate clinical and/
or rehabilitation pathway, as required. Prior to any assessment, it
is necessary to exclude active COVID-19 with appropriate mo-
lecular testing.

SARS-CoV-2 is associated with autonomic dysregulation. This is
characterized by a resting tachycardia, brisk heart rate response
(both to the orthostatic challenge of standing and to light exercise),
and blunted chronotropic recovery following exertion. This may lead
to, or compound the sensation of, fatigue, breathlessness, and physic-
al debility.23,24

High-hazard employees identified as needing further evaluation
should be assessed with simple clinical investigations, performed in
primary/occupational healthcare settings. This includes assessment of
oxygen saturations (SpO2) at rest and with a simple, standardized ex-
ercise stress [e.g. Harvard step test, 6-min walk test (6-MWT), three
flights of stairs etc.] and a 12-lead ECG.

Employees with high-risk characteristics (including high-flow oxy-
gen or ventilatory support, pulmonary embolus during admission,
elevated cardiac enzymes, pathological ECG changes, left ventricular
dysfunction) in the acute phase of COVID-19 illness, and those with
ongoing peripheral oxyhaemoglobin desaturation should be referred
for further assessment.

Individuals who have not been hospitalized and are free of high-risk
characteristics appear to have a low likelihood of cardiopulmonary
pathology, including those who meet the criteria for post-COVID-19
syndrome. Additionally, also in individuals who have required hospital-
ization for COVID-19, exercise limitation and persisting symptoms at
discharge might not reflect residual cardiovascular or lung involvement

1 Jan 20 Present4 weeks ago

Cri�cal care hospitalisa�on
(ITU/HDU/CPAP) at any �me

Other HOSPITALISATION/SEVERE
symptoms at any �me

Symptoms 
now

MODERATE
symptoms

MILD symptoms

NO symptoms at any �me

Manage as per clinical guidelines. Reassess when symptom-
free for 4 wks. If symptoms persist >4 weeks from onset of 
the acute illness: use COVID-19 assessment tool.

Use COVID-19 assessment tool / assess need for
further tests and referral for specialist assessment.

Graduated return to exercise/employment.

No exercise/employment limita�ons, no need for
inves�ga�on.

Symptom Severity

Judgement by pa�ent-facing clinician. Predominantly based on breathlessness.

• Mild – breathlessness on significant exer�on (2-3 flights of stairs)
• Moderate – breathlessness on minimal exer�on/ADLs or history of chest

pain/fast palpita�ons or pre-syncope.
• Severe – breathlessness at rest, persistent chest pain, syncope. 

Notes

1. No strenuous physical exer�on should be undertaken un�l 
symptom free for 4 weeks.

2. Specialist occupa�ons may require addi�onal specialist 
advice (i.e. flying/diving).

1.

2.

3.

4.

5.

6.

Ac�on for Employer

Refer employee for ini�al 
telephone assessment with

primary care provider.

4 week graduated return to 
fitness, prior to commencing 

work

No ac�on required.

May return to work a�er medical assessment, but
remain on limited du�es with no strenuous physical
exer�on un�l reviewed.

Clinical and
Occupa�onal Advice

COVID-19 symptoms

Refer employee for ini�al 
telephone assessment with

primary care provider.

May return to work a�er medical assessment, but
remain on limited du�es with no strenuous physical
exer�on un�l reviewed.

Ensure employee has 
accessed appropriate medical 

care.

Refer employee for ini�al 
telephone assessment with

primary care provider.

If employee becomes symptoma�c - re-enter pathway.

Figure 1 An example flow chart for post-COVID-19 risk assessment for high-hazard employers to use for their employees.

4 R. Rienks et al.
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..but rather muscle disuse or deconditioning.25 However, even in the ab-
sence of definitive cardiopulmonary pathology, symptoms of breath-
lessness, fatigue, and cognitive impairment (often termed‘brain-fog’)
may well require support from rehabilitation services and could impact
on high-hazard employees’ ability to safely undertake their usual role,
without restrictions or limitations.

A flow chart for clinical risk triage based on symptoms, evidence of
hypoxia, or ECG abnormalities, is shown in Figure 2.

Specialist cardiopulmonary
evaluation of high-hazard employ-
ees posts-COVID-19 infection

High-hazard employees with physiological deficits [reduced oxy-
haemoglobin saturation (SpO2) at rest or on exercise] or an abnor-
mal 12-lead ECG who are 4 weeks or more post-acute COVID-19
infection require further investigations to exclude underlying path-
ology (usually cardiopulmonary, but also more rarely neurological)
and should be referred to a clinical service that can confirm or ex-
clude significant underlying cardiopulmonary disease.20

Clinical assessment based on the objective measurement of peak
exercise capacity, is central to the assessment of individuals undertak-
ing high-hazard occupations,26 and in addition to a standard 12-lead
ECG, is safe, cheap, and reproducible. Importantly, it is also readily
scalable and prognostically powerful.27–31

Evidence from post-COVID-19 clinics20 also suggests that estab-
lished principles of risk assessment and subsequent investigation

guided by history, physical examination, ECG, and functional capacity
should be adhered to. For example, echocardiography is not a useful
‘screening’ investigation in this setting (several months post-infection,
in those with no evidence of heart failure), with a diagnostic yield,
which does not differ from the ‘background rate’ expected in a
healthy population. Finding unrelated abnormalities in otherwise
healthy individuals has the potential to do more harm than good.32

For high-hazard employees formal cardiopulmonary exercise
testing (CPET) with SpO2 measurement should be regarded as the
gold-standard measure of cardiorespiratory fitness.27,28 Where peak
capacity is limited, CPET can identify the physiological component re-
sponsible (circulatory, ventilatory, or peripheral) and in most cases
will refine the differential diagnosis. Cardiopulmonary exercise testing
is well established for the evaluation of unexplained breathless-
ness33–35 and can also reveal disordered breathing (e.g. inappropriate
hyperventilation), which is associated with breathlessness in the co-
hort of post-COVID 19 employees troubled by fatigue and anxiety36

or might reflect chemoreflex activation.25 Where resources permit,
the ability to detect an elevated alveolar-arterial oxygen gradient
with a capillary blood gas in addition to CPET has shown the potential
to enhance sensitivity to detect significant lung disease.25

Six-minute walk tests, whilst easy to conduct and well-standar-
dized, are a sub-maximal test and do not appear to provide sensitive
discrimination between individuals with, vs. without, significant clinical
pathology. If formal CPET is unavailable, alternative maximal exercise
assessment, such as a ramped bike protocol is a robust alternative,
with the achievement of >85% age-predicted maximal workload
being a reliable means to exclude significant underlying pathology.
Maximal testing also affords the additional benefit of being able to

Refer to exclude underlying pathology

Cri�cal care hospitalisa�on
(ITU/HDU/CPAP) at any �me for Covid-

19?

No

No

No

No

Yes1.

2.

3.

4.

5.

Abnormal

Inability to return to baseline (pre-COVID symptom onset)
fitness levels.

Yes

Any Chest pain during or since illness? Yes
ECG

SpO2 / Ex SpO2 ≤ 95%

Any Palpita�ons or unexplained
dizziness?

Yes
ECG

SpO2 / Ex SpO2

Abnormal

No Finish

Any Symptoms of Breathlessness either
at rest or minimal exer�on during or

since illness.

Yes SpO2 / Ex SpO2 ≤ 95%

From 4 - >12 weeks Refer for
Rehabilita�on

COVID-19 Assessment tool
History of confirmed or probable COVID-19 infec�on?
Have had COVID-19 symptoms a�er 1 Jan 20?
>4 weeks since onset of COVID-19 symptoms?

X If acute infec�on, manage as per clinical guidelines.

Notes:
1. For all employees consider appropriate restric�ons/limita�ons to work.
2. Specialist occupa�ons may require addi�onal occupa�onal health advice (e.g. avia�on, diving).
3. Ex SpO2 using Harvard step test, 6-minute walk test or stair test

≤ 95%

�
�
�

Figure 2 A flow chart for clinical risk triage based on symptoms, evidence of hypoxia, or electrocardiogram abnormalities.

Cardiopulmonary assessment prior to returning to high-hazard occupations 5
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measure the peak heart rate and heart rate recovery over 60 s fol-
lowing peak exertion, which combined with the resting heart rate
can aid in the discrimination of autonomic dysfunction.

Specialist cardiopulmonary
imaging of high-hazard employees
post-COVID-19 infection

In cases where CPET is abnormal, or gross ECG changes (such as
deep T-wave inversion, ST changes, or arrhythmia on 12-lead) are
present, further sub-specialty imaging (usually with HRCT, cardiac
MRI, and occasionally CT coronary angiography) may be required, to
assess the lungs or heart, or both. More recent published evidence
amongst healthcare workers and sportsmen suggests that the inci-
dence of significant myocardial injury is small (low single %)9,10,27,37

which reflects findings in the UK military population, and cardiovascu-
lar magnetic resonance should be used judiciously.38

Equally, those who are found to have pulmonary fibrosis, often
have little or no abnormality on spirometry and the limited scarring
seen in many individuals is likely to have little, if any, physiological im-
pact, unless extensive. A high volume of fibrosis is relatively uncom-
mon, even in individuals who were treated with prolonged
mechanical ventilation and the physiological effect of minor scarring/
fibrosis is unlikely to have major occupational ramifications, especially
in the absence of exercise hypoxaemia or limited functional capacity
on a maximal test.

In individuals who undertake high-hazard employment in extreme
environments (such as high-performance aircrew or divers), further
environmental assessment may be deemed necessary to ensure
employees meet their employers risk tolerance in these climates.
Further testing to ensure sub-clinical pathology of the heart, or lung,
do not have occupational consequences (e.g. via centrifuge, reduced
oxygen breathing devices and/or pressure chamber assessment) may
need to be considered. Additionally, the effect of subtle neurological
or cognitive impairment, anxiety and psychological/psychiatric effects
of disease may also require close assessment (with functional tests,
such as in the cockpit, or for weapon handling) with initial (and hope-
fully temporary) occupational restrictions being required to ensure
safety of both the individual and those they work with.

Summary

Emerging evidence suggests a relatively low likelihood of significant
cardiopulmonary pathology in those with symptomatic COVID-19
infection.

Following office-based assessment with simple first line investiga-
tions, employees with high-risk characteristics and those with periph-
eral oxyhaemoglobin desaturation should be referred for further
assessment.

Further assessment should be based around assessment of peak
exercise capacity, ideally CPET. A normal CPET is highly reassuring. It
should be noted that echocardiography, spirometry and 6-MWTs do
not appear to add value and should only be performed if there is a

usual clinical indication to do so. They are not recommended as rou-
tine screening tools for those with post-COVID-19 symptoms.

The incidence of significant cardiopulmonary pathology (such as
myocarditis and lung fibrosis) appears to be low post-COVID-19.
Even in those with abnormal cardiovascular MRI and thoracic CT
results the severity of pathology appears mild in most cases and is
likely to be of limited long-term consequence for most.

However, careful discussion between occupationally informed
clinicians is required to put the imaging, clinical and physiological data,
and occupational risk into context and to determine whether an
organization’s risk threshold has been exceeded. It is likely that non
cardiopulmonary symptoms, such as fatigue and cognitive impairment
may have a greater impact on return to work for high-hazard employ-
ees than those due to underlying cardiopulmonary pathology.

Conflict of interest: none declared.
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