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Cardiomyopathies and heart failure are condiƟ ons of diverse eƟ ology and clinical course, 
posing a signifi cant challenge within the aviaƟ on populaƟ on due to the risk of sudden 
cardiac events. The aim of this paper was to present the current state of knowledge on 
these diseases in the context of military aeromedical evaluaƟ on.

This is a review arƟ cle based on an analysis of scienƟ fi c publicaƟ ons from the PubMed and 
Google Scholar databases. The study takes into account the guidelines of the European 
Society of Cardiology, NATO recommendaƟ ons, and regulaƟ ons applied in the air forces 
of various countries.

The main phenotypes of cardiomyopathies and heart failure were discussed in the context of 
their clinical and aeromedical relevance among military pilots. DiagnosƟ c criteria were pre-
sented, along with the diff erenƟ aƟ on between pathological changes and physiological training 
adaptaƟ ons, as well as the role of modern diagnosƟ c tools such as imaging and geneƟ cs.

Although cardiomyopathies and heart failure are rare among military pilots, they are 
associated with the risk of sudden events and consƟ tute a signifi cant limitaƟ on in fl ight 
clearance. Advancements in imaging diagnosƟ cs, geneƟ cs, and risk assessment now 
allow for a more individualized approach to aeromedical cerƟ fi caƟ on, parƟ cularly in 
cases of mild cardiomyopathy phenotypes. An increasing body of evidence suggests that 
selected pilots diagnosed with myocardial disease, in the absence of high-risk features, 
may safely conƟ nue duƟ es within a limited scope. However, this requires strict selecƟ on 
criteria, regular clinical monitoring, and ongoing research into operaƟ onal safety within 
this professional group.
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ing and age restricƟ ons—HF occurs less frequently. 
Nevertheless, subclinical or borderline cases may 
present substanƟ al challenges in aeromedical eval-
uaƟ on [13].

In Poland, fi tness for military service, including 
service in the air, is currently regulated by the Or-
dinance of the Minister of NaƟ onal Defence dated 
March 25, 2024 [14]. Paragraph 38 of this legal act 
contains provisions related to myocardial diseases, 
including cardiomyopathies and heart failure, de-
fi ning criteria for assessing the suitability of candi-
dates for service under aviaƟ on condiƟ ons (Tab. 1).

The aim of this arƟ cle is to review selected 
myocardial diseases—with parƟ cular focus on car-
diomyopathies and heart failure—in the context 
of their clinical signifi cance and impact on the 
ability to perform military aviaƟ on duƟ es. The dis-
cussion includes the latest diagnosƟ c recommen-
daƟ ons, epidemiological data, and key regulatory 
aspects relevant to the medical assessment of mili-
tary pilots.

METHODS

A comprehensive literature review was conduct-
ed using electronic databases such as PubMed® 
and Google Scholar, with a focus on cardiomyopa-
thy and heart failure, parƟ cularly within military 
populaƟ ons between 2000 and 2025. The search 
included keywords such as: “cardiomyopathies,” 
“heart failure,” “military medicine,” “aerospace 
medicine,” and “risk assessment.” Relevant stud-
ies addressing myocardial diseases in the context 
of military medical evaluaƟ on were included. Ad-
diƟ onally, the latest clinical guidelines issued by 
aviaƟ on medicine regulatory authoriƟ es were re-
viewed to provide context for the management 
of cardiomyopathies and heart failure in military 
aviaƟ on service.

INTRODUCTION

AviaƟ on personnel, and military pilots in par-
Ɵ cular, are exposed to specifi c environmental fac-
tors inherent to the aviaƟ on seƫ  ng, such as hypox-
ia, hypobaria, gravitaƟ onal forces (G-forces), and 
posiƟ ve pressure breathing. All of these elements 
place a signifi cant strain on the cardiovascular sys-
tem and may contribute to the manifestaƟ on or 
progression of previously undiagnosed myocardial 
diseases [7]. In the context of performing opera-
Ɵ onal duƟ es in fl ight, parƟ cular aƩ enƟ on must be 
given to heart condiƟ ons associated with the risk 
of syncope, sudden cardiac death (SCD), arrhyth-
mias, or heart failure.

Cardiomyopathies are a heterogeneous group 
of myocardial diseases with variable morphologi-
cal, funcƟ onal, and clinical presentaƟ ons, oŌ en 
characterized by an unpredictable course. They 
are defi ned as condiƟ ons in which structural and/
or funcƟ onal abnormaliƟ es of the myocardium are 
present that cannot be explained by other diseases 
(e.g., signifi cant coronary artery disease, valvular 
heart disease, congenital heart disease or arterial 
hypertension) that could account for the observed 
dysfuncƟ on [2]. The current classifi caƟ on by the 
European Society of Cardiology (ESC) idenƟ fi es 
fi ve main phenotypes of cardiomyopathy: hyper-
trophic cardiomyopathy (HCM), dilated cardiomyo-
pathy (DCM), restricƟ ve cardiomyopathy (RCM), 
arrhythmogenic right ventricular cardiomyopathy 
(ARVC), and non-dilated leŌ  ventricular cardiomyo-
pathy (NDLVC) [2].

Heart failure (HF) is also a signifi cant health is-
sue in the pilot populaƟ on. It is defi ned as a clini-
cal syndrome resulƟ ng from structural or func-
Ɵ onal myocardial abnormaliƟ es. Typical symptoms 
of HF include dyspnea, peripheral edema, faƟ gue, 
and signs of congesƟ on in the pulmonary and/or 
systemic circulaƟ on. The prevalence of HF in the 
general populaƟ on is esƟ mated at 1–2%, with 
a marked increase with age [9]. In the populaƟ on 
of military pilots—due to rigorous medical screen-

Paragraph 38, point 1 I A I B I C

Myocardial diseases or recurrent or permanent arrhythmias that do not impair 
overall fi tness:

Fit / Unfi t (Z/N) Fit / Unfi t (Z/N) Fit / Unfi t (Z/N)

Paragraph 38, point 2 2

Myocardial diseases or recurrent or permanent arrhythmias that impair overall 
fi tness:

Unfi t (N) Unfi t (N) Unfi t (N)

Tab. 1.  Ordinance of the Minister of National Defence of March 25, 2024, on the evaluation of fitness for 
military service and the procedures of military medical boards in these matters, Annex No. 2 I – List 
of diseases and defects considered in the evaluation of fitness for military service in aviation, ground 
flight support, and aviation engineering services, and the conditions for issuing decisions in these cases.
Chapter X – Cardiovascular system
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Other Diagnostic Methods
In cases requiring in-depth evaluaƟ on, ad-

vanced imaging techniques are used: cardiac mag-
neƟ c resonance (CMR), computed tomography 
(CT), and nuclear medicine techniques (PET, scin-
Ɵ graphy). CMR is currently the method of choice 
in the diagnosis of cardiomyopathies. Thanks to its 
high spaƟ al resoluƟ on and excellent Ɵ ssue charac-
terizaƟ on, CMR enables precise assessment of car-
diac funcƟ on and structure as well as diff eren-
Ɵ aƟ on of pathological changes from physiological 
exercise-induced adaptaƟ ons. This examinaƟ on 
plays a criƟ cal role, e.g., in SCD risk straƟ fi caƟ on 
in paƟ ents with hypertrophic cardiomyopathy, 
and in the management of paƟ ents with Fabry 
disease or iron overload syndromes. The combina-
Ɵ on of cine imaging, late gadolinium enhancement 
(LGE), and mapping techniques allows for accurate 
characterizaƟ on of most inherited forms of cardio-
myopathy [6]. Endomyocardial biopsy (EMB), while 
remaining the gold standard in the diagnosis of my-
ocardiƟ s, is reserved for selected cases due to its 
invasive nature and risk of complicaƟ ons. GeneƟ c 
tesƟ ng is playing an increasingly important role 
in the diagnosƟ c process, allowing for diagnosƟ c 
confi rmaƟ on, prognosƟ c assessment, and person-
alized treatment planning [2].

Screening and Family Surveillance
According to current guidelines, individuals 

without a detected clinical phenotype of cardiomy-
opathy and without a posiƟ ve family history may 
be exempted from further follow-up, with a rec-
ommendaƟ on for re-evaluaƟ on should symptoms 
or new clinical data arise. Due to the incomplete 
geneƟ c penetrance of cardiomyopathies (70–90% 
by age 70), periodic screening examinaƟ ons (ECG, 
TTE) are recommended for carriers of pathogenic 
variants and family members aff ected by the dis-
ease. The frequency of screening before age 60 
should be every 1–3 years, and aŌ er age 60 every 
3–5 years [2].

Adjustment of Medical Certifi cation 
According to the Pilot’s Career Stage

Because of the possibility of late-onset cardio-
myopathy, the diagnosƟ c and medical cerƟ fi ca-
Ɵ on approach should vary depending on the stage 
of the pilot’s career. For candidates entering ser-
vice, a diagnosis of cardiomyopathy is a contrain-
dicaƟ on to qualifi caƟ on. For acƟ ve professional pi-
lots, decisions should be individualized and based 
on a comprehensive assessment of cardiovascular 
event risk.

Cardiomyopathies and Heart Failure 
in Aviation: Current Knowledge and 
Diagnostic Pathways

Introduction
The issue of cardiomyopathies and HF in the 

context of military aviaƟ on remains poorly docu-
mented, with available literature limited and oŌ en 
restricted to single case reports. One of the few 
comprehensive studies is the 2019 NATO Cardiol-
ogy Working Group document, published in the 
Heart journal [4]. There is a lack of systemaƟ c re-
ports regarding the incidence of cardiomyopathies 
among armed forces aviaƟ on personnel, and the 
topic is also marginally addressed in American mili-
tary aviaƟ on guidelines (US Waiver Guide) [1].

Diagnosis of Cardiomyopathies in Military 
Aviation

Electrocardiography (ECG)
ECG remains the primary screening tool for 

detecƟ ng cardiovascular abnormaliƟ es, both dur-
ing iniƟ al qualifi caƟ on for service and in rouƟ ne 
examinaƟ ons of pilots. Although a resƟ ng 12-lead 
ECG may appear normal in a small proporƟ on 
of cardiomyopathy paƟ ents, abnormaliƟ es are 
frequently present across all subtypes and may 
precede clinical phenotype development by many 
years [2]. Due to the limited sensiƟ vity and specifi c-
ity of this method, every military pilot should un-
dergo at least one echocardiographic examinaƟ on 
in their lifeƟ me. 

Transthoracic Echocardiography (TTE)
Echocardiography remains the most commonly 

used non-invasive cardiac imaging method, off er-
ing high diagnosƟ c sensiƟ vity and broad availability. 
However, its accuracy depends on the operator’s ex-
perience and the quality of the equipment used. TTE 
provides informaƟ on on the valvular structure and 
funcƟ on, the leŌ  and right ventricles, the presence 
of dynamic ouƞ low tract obstrucƟ on, pulmonary 
hypertension, or pericardial eff usion. In Poland, this 
examinaƟ on is rouƟ nely performed in candidates 
for the Military AviaƟ on Academy (LAW), while 
in later professional stages, it is performed mainly 
upon clinical indicaƟ on. The most common indica-
Ɵ ons include: dyspnea, chest pain, palpitaƟ ons, 
fainƟ ng, syncope, presence of a heart murmur, signs 
of heart failure on physical examinaƟ on, or a family 
history of SCD or cardiomyopathy [2].
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is a form of cardiomyopathy of non-ischemic eƟ ology 
without leŌ  ventricular dilaƟ on. EjecƟ on fracƟ on may 
be normal or reduced, and the imaging may show 
scarring or focal contracƟ lity abnormaliƟ es [2].

The eƟ ology of DCM can be both geneƟ c and ac-
quired — including toxins (alcohol, cocaine), hormo-
nal disorders, arrhythmias, or viral infecƟ ons. Myo-
cardiƟ s, common in young adults, can lead to tran-
sient or permanent heart failure. In half of paƟ ents, 
changes resolve spontaneously; however, in 25%, 
chronic leŌ  ventricular dysfuncƟ on develops.

ECG changes in DCM are less characterisƟ c than 
in HCM, and TTE remains the primary diagnosƟ c 
method. In secondary cases, regression of changes 
and full recovery are possible.

RouƟ ne TTE performed during the qualifi caƟ on 
process for the LAW eff ecƟ vely detects DCM. In bor-
derline cases, especially in individuals with a posiƟ ve 
family history, periodic monitoring (every 5 years un-
Ɵ l age 50) is recommended; in military pilots, even 
more frequent follow-up is advised [4,8].

 AsymptomaƟ c individuals and those with mild 
forms of DCM or NDLVC may be permiƩ ed to engage 
in most compeƟ Ɵ ve sports, provided there is only mi-
nor impairment of leŌ  ventricular funcƟ on, and aŌ er 
exclusion of exercise-induced arrhythmias and signifi -
cant myocardial fi brosis [2]. Similar to HCM, in pheno-
typically mild cases of DCM and NDLVC, consideraƟ on 
may be given to allowing military pilots to conƟ nue 
fl ying service under restricƟ ons. 

Arrhythmogenic Right Ventricular 
Cardiomyopathy (ARVC)

ARVC is a rare disease (1:2000–1:5000) character-
ized by progressive replacement of cardiomyocytes 
with adipose and fi brous Ɵ ssue. This leads to ar-
rhythmias and right ventricular failure. The disease 
predominantly aff ects men aged 20–40 years [11].

Clinical symptoms include palpitaƟ ons, dizziness, 
syncope and SCD. DiagnosƟ cs include clinical assess-
ment, ECG (epsilon wave, T-wave inversions in V1–
V3), TTE and CMR. The high diagnosƟ c value of CMR 
lies in its ability to detect structural abnormaliƟ es.

ARVC is a recognized cause of SCD during physi-
cal exerƟ on. For this reason, it consƟ tutes an abso-
lute contraindicaƟ on to compeƟ Ɵ ve sports parƟ ci-
paƟ on [12].

Restrictive Cardiomyopathy (RCM) 
RCM is the rarest and most poorly prognosed 

phenotype of cardiomyopathy, diagnosed primar-
ily through TTE. Prognosis is unfavorable — the 
leading cause of death is heart failure (over 40% 
of cases), and the 5-year survival rate in adult pa-
Ɵ ents does not exceed 50% [2].

Cardiomyopathies in the Context 
of Aviation Medical Certifi cation

Hypertrophic Cardiomyopathy (HCM)
Hypertrophic cardiomyopathy (HCM) is the most 

common geneƟ cally determined heart muscle dis-
ease, occurring in approximately 1 in 500 individuals 
in the general populaƟ on [11]. It is inherited in an au-
tosomal dominant manner in nearly half of paƟ ents. 
For a long Ɵ me, HCM may be asymptomaƟ c, while 
clinically overt forms manifest with symptoms such as 
dyspnea, chest pain, dizziness, presyncope, and syn-
cope. HCM is also one of the leading causes of SCD 
in young athletes, with an esƟ mated annual mortality 
risk of 1–2% [3,5].

Basic screening includes ECG, although about 10% 
of paƟ ents may have a normal result [11]. The gold 
standard diagnosƟ c method is TTE. The diagnosƟ c cri-
terion is a leŌ  ventricular wall thickness ≥15 mm in any 
segment. In individuals with a posiƟ ve family history, 
confi rmed pathogenic variant, or characterisƟ c ECG 
changes, the threshold is lowered to 13 mm [2].

In the qualifi caƟ on of candidates to the LAW, a di-
agnosƟ c challenge may be presented by the so-called 
“athlete’s heart” — an adapƟ ve hypertrophy of the 
myocardium due to prolonged physical exercise. 
Physiological wall thickening rarely exceeds 12 mm 
and is usually not accompanied by other echocardio-
graphic abnormaliƟ es such as diastolic dysfuncƟ on. 
In doubƞ ul cases, CMR may be useful [3,11].

According to the latest data, moderate physical 
acƟ vity may be safe and even benefi cial for paƟ ents 
with HCM [2]. In carefully selected individuals with 
mild myocardial hypertrophy and low risk of sudden 
cardiac events, undertaking intensive physical acƟ v-
ity, including compeƟ Ɵ ve sports, is also possible [2]. 
These fi ndings may provide grounds for individual 
consideraƟ on of posiƟ ve medical cerƟ fi caƟ on for ex-
perienced pilots diagnosed with HCM.

Currently used diagnosƟ c procedures for candi-
dates to the LAW — including ECG and TTE — allow 
for a high probability exclusion of HCM during the 
qualifi caƟ on process for military pilot training. 

Dilated Cardiomyopathy (DCM) and Non-
Dilated Left Ventricular Cardiomyopathy 
(NDLVC)

DCM is characterized by enlargement of the heart 
chambers, especially the leŌ  ventricle, and impaired 
systolic funcƟ on. Diagnosis is based on echocardio-
graphic criteria: leŌ  ventricular end-diastolic diam-
eter (LVEDD) >58 mm in men and >52 mm in women, 
leŌ  ventricular end-diastolic volume index (LVEDV) 
≥75 ml/m² in men and ≥62 ml/m² in women, and leŌ  
ventricular ejecƟ on fracƟ on (LVEF) <50% [11]. NDLVC 
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for at least temporary disqualifi caƟ on from fl y-
ing duƟ es. A return to limited fl ight acƟ vity may 
be considered in asymptomaƟ c individuals with 
a mild form of the disease, excluding cases of ARVC 
and RCM. This applies exclusively to non-criƟ cal 
fl ight crew members, in mulƟ -crew aircraŌ , and 
excludes high-risk fl ight profi les [4].

Monitoring should include:
– ECG and TTE every 1–2 years,
– Cardiac MRI every 2–5 years,
– CPET every 2–3 years [2].

In the United States Air Force (USAF), the di-
agnosis of primary cardiomyopathy is generally 
considered disqualifying for further fl ying duƟ es 
in pilots. Only in selected cases of DCM or HF is it 
possible to retain fl ying cerƟ fi caƟ on for other air-
crew personnel [1]. 

CONCLUSIONS

Myocardial diseases, although relaƟ vely rare 
in the general populaƟ on, pose a signifi cant chal-
lenge in aviaƟ on medicine, parƟ cularly in the con-
text of operaƟ onal safety and precise medical cer-
Ɵ fi caƟ on. Rapid advances in imaging diagnosƟ cs, 
geneƟ cs, and risk assessment of sudden cardiac 
events now allow for a more individualized evalua-
Ɵ on of each case.

An increasing body of evidence indicates that 
moderate, and in selected cases even intensive, 
physical acƟ vity may be safe for some paƟ ents di-
agnosed with cardiomyopathy—especially those 
with mild phenotypes of HCM, DCM, and NDLVC. 
This opens the door to a potenƟ al reinterpretaƟ on 
of cerƟ fi caƟ on approaches, parƟ cularly for experi-
enced pilots who do not present high-risk features 
for life-threatening arrhythmias and SCD.

Despite this progress, cauƟ ous decision-making, 
individualized risk assessment, and strict clinical 
monitoring remain the foundaƟ on of aeromedical 
fi tness determinaƟ ons. Further studies are needed 
to more precisely defi ne the boundaries of safe 
professional funcƟ oning for individuals with myo-
cardial diseases in high-demand environments 
such as aviaƟ on.

Heart Failure (HF) in the Aviation 
Population

Heart failure is a syndrome of symptoms (dysp-
nea, edema, reduced exercise tolerance) resulƟ ng 
from abnormal cardiac structure or funcƟ on. Its 
prevalence increases with age — from 1% in indi-
viduals under 55 to over 10% in those older than 
70. The prognosis is serious — 5-year mortality 
ranges from 53% to 67% [9].

Diagnosis of HF requires both symptom confi r-
maƟ on and evidence of leŌ  ventricular dysfunc-
Ɵ on:
– heart failure with reduced ejecƟ on fracƟ on 

(HFrEF): LVEF ≤40%,
– heart failure with mildly reduced ejecƟ on frac-

Ɵ on (HFmrEF): LVEF 41–49%,
– heart failure with preserved ejecƟ on fracƟ on 

(HFpEF): LVEF ≥50% along with HF symptoms, 
diastolic dysfuncƟ on, and elevated BNP/NT-
proBNP levels.

Due to its age associaƟ on, HF is of parƟ cular rel-
evance among older military pilots [13]. Eff ecƟ ve 
management of underlying condiƟ ons contribuƟ ng 
to HF — such as hypertension, arrhythmias, and 
coronary artery disease — is key to prevenƟ on.

Modern HF therapies and improved risk straƟ -
fi caƟ on now allow selected paƟ ents to safely par-
Ɵ cipate in moderate physical acƟ vity. In individu-
als without exercise-induced arrhythmias and with 
well-controlled HFmrEF or HFpEF, parƟ cipaƟ on 
in certain sports disciplines is possible — aŌ er pri-
or compleƟ on of a maximal exercise test, prefer-
ably cardiopulmonary exercise tesƟ ng (CPET) [10].

Management of Pilots Diagnosed with 
Cardiomyopathy

In the context of military aviaƟ on, HF and car-
diomyopathies hold parƟ cular importance due to 
their impact on tolerance to G-forces and hypoxia. 
PosiƟ ve G-forces (+Gz) can induce arrhythmias and 
increase the risk of SCD, especially in the presence 
of underlying myocardial disease [4].

According to the NATO Cardiology Working 
Group (2019) recommendaƟ ons, any confi rmed 
diagnosis of cardiomyopathy consƟ tutes a basis 
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