

Case study 
Aeromedical Assessment in adults with Congenital Heart Disease : retrospective and descriptive cross-sectional study of 6 cases
Abstract
The aim of this study was to determine the epidemiological and clinical characteristics of Congenital Heart Disease (CHD) in aircrews. Another aim was to inform decision-making based on clinical risk, aircraft type and aeronautical function.This retrospective cross-sectional study was conducted at the aeromedical Expertise Center of the Mohamed V Military Teaching Hospital in Rabat, Morocco, from 1 January 2022 to 31 December 2024, covering all aircrew members who were seen during the same period for both admission and review visits. There were 10737 medical visits, including 6 cases of CHD. The prevalence was 0.55 per 1000 with a sex ratio of 1:1. The average age was 31.7, all civilians. There were 4 admission visits (66.7%), including one class 1 candidate and 3 class four candidates and two revisional visits for a captain and an air hostess.The clinical examination was normal. Electrocardiogram revealed repolarisation disorders in 50% of the individuals, particularly in the septo-apico-lateral and inferior territories.
Four had a Myocardial Bridge (MB) and two an Atrial Septal Defect (ASD) of the Ostium Secondum (OS) type. Four were declared fit (66.66%). The two candidates declared unfit were the air hostess with a wide ASD of 15MM with right heart répercussions and the candidate pilot on admission with MB with a significant MILKING effect of distal LAD.
Advancements in diagnostics and therapeutics will lead to an increased prevalence of adults with CHD in the coming years. Consequently, further longitudinal studies will be necessary to monitore the interaction of these conditions with the aviation environment and finally to   harmonize fitness decisions.
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INTRODUCTION
Congenital heart disease (CHD) is defined as a gross structural abnormality of heart and great vessels (Guettler et al., 2019). CHD is a condition which can be categorised into three distinct diagnostic groups, ranging from simple abnormalities to more complex cyanotic pathologies. These three groups are as follows: simple CHD, moderate severity and great complexity (Warnes et al., 2001) . its prevalence is estimated to be 8 cases per 1000 lives births with range from 3 to 10 (Van Der Bom et al., 2011). Current estimates indicate that between 0.3 and 0.5 percent of the adult population is affected by CHD (Warnes et al., 2001). However, the Dutch National Congenital Heart Defects  registry (CONCOR) has revealed that two-thirds of adult patients suffering from CHD die from a cardiac cause. The most prevalent causes of death were chronic heart failure (26%) at a median age of 51 years and sudden death (19%) at a median age of 39 years (Verheugt et al., 2010).
The advent of innovative diagnostic and monitoring methodologies, incorporating advanced imaging techniques, biomarkers and devices, alongside the refinement of percutaneous and surgical interventions, has profoundly transformed the landscape of adults with CHD (Bouma & Mulder, 2017).
 Applications for aviation medical certification now encompass individuals who have an almost normal quality of life despite their underlying congenital heart disease. In addition, certains CHD conditions may manifest in individuals already engaged in aircrew duties. Therefore, It is essential to be able to manage risk assessment of CHD and to provide appropriate clinical and occupational counsel when deliberating about actual or potential aircrew duties (Nicol et al., 2019).
The aim of this observational study is to examine the epidemiological and clinical characteristics of CHD discovered in aircrew, as well as the fitness-related decisions made during a period of two years between 2022-2024. This study is conducted at the Aircrew Medical Expertise Centre, located at the military Mohammed V teaching hospital in Rabat, Morocco
This study will provide valuable insights into the decision-making process regarding fitness, which is ultimately based on a comprehensive evaluation of clinical and paraclinical data, in addition to a thorough assessment of the aeromedical risk. This assessment employs a three-dimensional approach, encompassing clinical risk, aeronautical function, and aircraft type, to ensure optimal safety and informed decision-making (Gray et al., 2019).
MATERIALS AND METHODS
This retrospective cross-sectional study was conducted at the aeromedical Expertise Center (AMEC) of the Mohamed V Military Teaching Hospital in Rabat, Morocco, from 1 January 2022 to 31 December 2024. The study population comprised aircrew members who were seen during the same period for both admission and review visits.
All aircrew or candidates who had undergone a medical examination during the period under consideration at the AMEC were eligible, regardless of the decision on suitability.
Excluded from the study all aircrew or candidates who had not undergone their medical check-up during the above-mentioned period. Congenital cardiac conduction disorders are excluded from our study.
The total number of annual visits is available from the computerised annual medical fitness register, sent to the Civil Aviation Authority each year. This is a regularly updated Excel file containing the identity of the candidates, their age, sex, the decision on fitness, the date and the aeronautical speciality, with the exception of the diagnosis for reasons of confidentiality.
From 1 January 2022 until 31 December 2024, all cases of CHD encountered during the course of the assessment, regardless of the decision on aptitude, were listed.
Using a data collection form containing the variables of interest, we were able to make use of the physical medical records of candidates suffering from CHD. The variables studied are an integral part of the systematic questioning during the medical examination, as required by Internatonal Civil Aviation Organization (ICAO) standards. The variables collected are: age, sex, weight, height, status, aeronautical function, diagnosis, type of flight, personal medical, surgical and family history, sports activities, alcohol consumption, smoking, functional signs, clinical examination, electrocardiogram. Other investigations were justified in the presence of abnormalities noted during the clinical examination, such as holter ECG, echocardiography with the ejection fraction of the left and right ventricles, stress test, cardiac MRI, coronary CT scan, invasive coronary angiography (ICA). And finally the decision on suitability, with or without a waiver and flight restrictions.
The definition of a normal electrocardiogram was based on the criteria of the european society of cardiology classification of ECG abnormalities. It describes three groups : either normal or common grouped training-related ECG changes that are probably physiological and uncommon and training-unrelated ECG changes that are probably pathological(Corrado et al., 2010; Papadakis & Sharma, 2009).
The input mask was created using jamovi software version 2.3.28, which was also used to analyse the data.
RESULTS
From 2022 to 2024, 10737 expert appraisals were carried out and 6 CHD were detected, representing a prevalence of 0.55 per 1000 expert appraisals. The sex ratio was 1:1.
The average age of candidates with CHD was 31.7, ranging from 21 to 52. They did not smoke or drink alcohol. 83.3% regularly practised sport at least twice a week, mainly running. They were all civilians. There were 4 admission visits (66.7%), including one class 1 candidate and 3 class 4 candidates and 2 revisional visits for a captain and an air hostess (33.3%). 50% had no medical history, 33.4% had come with their diagnosis and the air hostess had reported a history of post-covid 19 angina pain with dyspnoea (Table 1). They had no family history of CHD or heart disease. There was no personal history of surgery.
The clinical examination was normal. No complaints were recorded. The electrocardiogram revealed repolarisation disorders in 50% of the individuals, particularly in the septo-apico-lateral and inferior territories, and benign changes in the other half (Table 2). Cardiac echocardiography was normal in 66.7% of cases, but atrial septal defect (ASD) was detected in 2 air hostess candidates on admission, of the ostium secondum (OS) type 15MM with dilatation of the right heart chambers in one case and 4MM with no haemodynamic impact in the other (Table 3). Exercise testing was requested in 66.7% of individuals (4/6) and came back positive or electrically suspicious in 75% of cases (Table 4). Cardiac MRI was performed on an air hostess who had been admitted with a large ASD of 15MM with dilation of the right cavities on cardiac echocardiography. MRI confirmed dilation of the right cavities with dysfunction of the right ventricle with an ejection fraction of 40%. CT coronary angiography (CTCA) scan were performed in 4 patients, 3 of whom showed a long myocardial bridge (MB) involving only the distal (25%), middle portions (50%) and both distal and middle (25%) of left anterior descending coronary artery(LAD) and an ASD in the remaining cases. Invasive coronary angiography (ICA) was performed in 4 candidates, 3 of whom were diagnosed with a long MB on CTCA and the fourth with an electrically suspicious stress test.  It revealed a significant MILKING effect of distal LAD in one and mild LAD in the second and normal in the two remaining cases. In all, of the 6 candidates, 4 had a MB and 2 an ASD of the OS type. Of these, 4 were declared fit (66.66%). The 2 candidates declared unfit were the air hostess with a wide ASD of 15MM with right heart répercussions and the candidate pilot on admission with MB with a significant MILKING effect of distal LAD.
	Table 1 MEDICAL HISTORY

	MEDICAL HISTORY
	Quantités     
	% du    Total
	% cumulés

	NO
	
	3
	
	50.0 %
	
	50.0 %
	

	MYOCARDIAL BRIDGE
	
	1
	
	16.7 %
	
	66.7 %
	

	MIXED ANGINA AND DYSPNEA
	
	1
	
	16.7 %
	
	83.3 %
	

	ASD
	
	1
	
	16.7 %
	
	100.0 %
	

	


 
	Table 2 ELECTROCARDIOGRAMM

	ELECTROCARDIOGRAMM
	Quantités
	% du Total
	% cumulés

	NORMAL
	
	1
	
	16.7 %
	
	16.7 %
	

	Incomplete Right Bundle Branch Block
	
	1
	
	16.7 %
	
	33.3 %
	

	APICOLATERAL AND INFERIOR NEGATIVE T WAVES
	
	1
	
	16.7 %
	
	50.0 %
	

	ANTERO-SEPTO-APICAL NEGATIVE T WAVES
	
	1
	
	16.7 %
	
	66.7 %
	

	SEPTO-APICOLATERAL NEGATIVE T WAVE
	
	1
	
	16.7 %
	
	83.3 %
	

	BENIGN SINUS ARRYTHMIA
	
	1
	
	16.7 %
	
	100.0 %
	

	

	Table 3 CARDIAC ULTRASOUND
	

	CARDIAC ULTRASOUND
	Quantités
	% du Total
	% cumulés
	

	NORMAL
	
	4
	
	66.7 %
	
	66.7 %
	
	

	ASD OS 15MM WITH RIGHT CAVITIES DILATATION
	
	1
	
	16.7 %
	
	83.3 %
	
	

	ASD OS 4MM WITHOUT HEMODYNAMIC IMPACT
	
	1
	
	16.7 %
	
	100.0 %
	
	

	Table 4 TREADMILL STRESS TEST
	
	

	TREADMILL STRESS TEST
	Quantités
	% du Total
	% cumulés
	
	

	NORMAL
	
	1
	
	25.0 %
	
	25.0 %
	
	
	

	ELECTRICALLY SUSPICIOUS
	
	1
	
	25.0 %
	
	50.0 %
	
	
	

	LATERAL T WAVE INVERSION WITH UNDER ST SHIFT
	
	1
	
	25.0 %
	
	75.0 %
	
	
	

	UNDER SEPTO-APICAL ST SEGMENT SHIFT
	
	1
	
	25.0 %
	
	100.0 %
	
	
	

	
	
	


 
 
 Discussion
CHD has been identified as the most prevalent congenital disorder. its prevalence is estimated at 8 in 1000 births (Van Der Bom et al., 2011). Current estimates indicate that between 0.3 and 0.5 percent of the adult population is affected by CHD (Warnes et al., 2001). Despite the fact that CHD remains the foremost cause of mortality due to birth defects, survival through childhood has become a possibility for the majority of patients, including those with severe cardiac defects (Bouma & Mulder, 2017). A study of data from CONCOR registry revealed that from the age of 18 years, adults with mild lesions had a median survival of 84 years , which was not significantly different from that of the general population. In contrast, adults with moderate or severe defects had a significantly lower median survival of 75 and 53 years, respectively (Van Der Bom et al., 2015). Recent advancements in diagnosis and monitoring, characterised by the integration of sophisticated imaging techniques, biomarkers, and devices, refinement of percutaneous and surgical interventions, have collectively transformed the landscape of adults with CHD. This transformation is further accentuated by the enhanced organisation of care and the contributions of clinical research undertaken over the preceding decades. Hence,a new population, the adult  with CHD, has emerged (Bouma & Mulder, 2017). There is a growing possibility that they will be able to apply for a greater number of aviation-related professions, including piloting, air hostessing and working as steward.
The prevalence of coronary artery anomalies is around 1% in the general population (Yamanaka & Hobbs, 1990). This figure may be as high as 30% based on autopsy data (Hostiuc et al., 2018). In our study it was 4/10737, i.e. 0.37 per 1000 appraisals. This figure is probably underestimated because most coronary artery anomalies represent clinically insignificant variations in ‘normal’ coronary anatomy. Only a few present a clinically significant aberrant anatomical anomaly by altering coronary blood flow during exercise and have relevant aeronautical implications (Banerjee et al., 2013). They were all clinically asymptomatic, including 3 with resting ECGs showing repolarisation disorders in the septo-apico-lateral and inferior (75%) territories, which justified stress tests that revealed suspicious electrical signs in the form of ST-segment undershoots but were clinically negative. The ultrasound was normal. CTCA was requested in four subjects, three of whom had a MB, which it confirmed 100%, and detected ASD in the other. On the other hand, the ICA requested in the 4 subjects diagnosed with a myocardial bridge by CTCA confirmed only two, i.e. 50%. These observations demonstrate the superiority of CTCA over ICA in the diagnosis of myocardial bridge. These observations have been confirmed by several meta-analysis studies, in particular that of NICOL, who found that CTCA diagnosed twice as many myocardial bridges as ICA (Nicol et al., 2007) but also in Roberts' meta-analysis, which demonstrated the good sensitivity and superiority of CTCA in MB diagnosis, with a prevalence in the literature of 20%, which is not far from the post-mortem data (Roberts et al., 2021). The LAD was the only branch found in our series, involving mainly its middle portion in half the cases, the middle and distal combination 25% and the distal 25%. The literature confirms the preferred involvement of the LAD but in its middle or proximal portion. The circumflex and the right coronaries are rarely involved (Rajendran & Hegde, 2019). They were all declared fit without restrictions in the light of reassuring investigations (CTCA, ICA) and favorable opinion from referring physicians, except  for the young 24-year-old pilot candidate who had significant milking of the distal portion of the LAD on the ICA. This decision is mainly related to his aeronautical function and flight safety.
ASD was diagnosed in two air hostess candidates who presented with a normal clinical examination and benign electrocardiogram signs such as an incomplete right bundle branch block in one case and a benign respiratory sinus arrhythmia in the other. The first reported her pathology on questioning. Both had no family history of ASD or CHD. Echocardiography showed OS ASD in both patients, with 4MM without haemodynamic repercussions in one and 15MM with dilatation of the right cavities in the other. Exercise testing returned normal and cardiac MRI confirmed dilatation of the right heart chambers with 40% right ventricular dysfunction. The attending physician suggested percutaneous or surgical closure, which justified his unfitness, while the other was declared fit without restriction because it was a minor defect with no haemodynamic repercussions. No therapeutic procedure was required.
In the absence of closure in early adulthood, all cases of ASD have been observed to be associated with atrial arrhythmias, particularly atrial flutter and atrial fibrillation. The prevalence of these conditions peaks in the fourth decade of life. Indication for closure is a significant shunt (Qp:Qs >2), regardless of symptoms and in case of suspicion of paradoxical embolism (Nicol et al., 2019).
A total of 66.66% of applicants with CHD were found fit (4/6).
This study shows that aeromedical expertise meets candidates with CHD generally minor and compatible with certain aeronautical functions. The decision is made on a case-by-case basis, depending on the clinical assessment, the type of aircraft and the aeronautical function. While it is true that flight safety must always be given priority in accordance with current international legislation, special attention must be paid to this emerging population of adults with CHD who should not be discriminated against on the grounds of disability when seeking access to certain jobs in general and in aviation in particular. Job participation is recognized as being important for the society, as well as, for the personal quality of life (Bouma & Mulder, 2017).
The electrocardiogram (ECG) was the pivotal diagnostic tool that revealed abnormalities, which, upon further investigation, led to the identification of CHD. It is imperative to undertake a thorough exploration at the time of admission, in presence of any clinical or electrical anomalies, however minimal they may be, in order to avoid missing any underlying pathologies.
It is imperative to closely monitor these aircrew members with CHD throughout their careers, in order to identify any potential complications.
This study made it possible to detect some limitations, notably the small number of cases which does not provide statistical power, and the absence of data in the literature on the evolving profile of these pathologies in an aeronautical environment. It would be interesting, within the framework of research, to initiate longitudinal studies to monitor this aircrew to explore the evolving profile of the interaction of CHDs and the aviation environment. This could help refine and harmonize aeromedical fitness decisions.
Conclusion
The objective of this observational study is to analyse the epidemiological and clinical characteristics of congenital heart diseases diagnosed in aircrew members and the fitness-related decisions made during a two-year period from 2022 to 2024. Suitability decisions for candidates with CHD are made on a case-by-case basis. Thus, future longitudinal studies of flight crews with CHD would make it possible to monitor the evolution of these pathologies in the aviation environment, with the aim of harmonising fitness decisions.
With continuous progress in both diagnostics and therapeutics, medical expertise will increasingly come across an emerging population of adults with CHD who will assert their right to access employment in general and aviation in particular. Despite the rigorous attention paid to flight safety during the aeromedical assessment, they should not suffer any form of discrimination.
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