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Abstract: 
Aims: This   study examines the epidemiological characteristics and analyzes the modes of discovery and positive diagnosis of myocardial bridge (MB) in aircrew, as well as the fitness-related decisions.
Study design: The study is carried out at the Aeromedical Expertise Center  at the Mohammed V Military Teaching Hospital in Rabat, Morocco, between June 2023 and May 2025
Methodology: The study population consisted of all flight members with a confirmed MB who underwent examinations during this timeframe. We collected administrative data, medical data, and the final fitness decision.
Results: For a total of 10,915 aeromedical examinations we identified 5 cases of MB, showing a prevalence of 0.45 per 1,000 among flight personnel. The cohort, with a mean age of 42 (range 24-55), comprised four males and one female, including three pilots and two cabin crew members. The MBs were all discovered incidentally during routine assessments. Four subjects had abnormal resting ECGs and all showed electrically positive exercise stress tests. Coronary CT angiography confirmed MB in all cases, predominantly in the mid- and distal left anterior descending artery segments. For the medical outcomes, 40%  of the assessed aircrews were deemed fit for duty without restrictions, 40% were declared fit with a restriction of regular cardiological surveillance, and 20% was declared medically unfit due to a long and compressive MB with a significant hemodynamic impact.
Conclusion: In the specific context of aviation medicine, MB takes on particular significance. The unique stresses of the flight environment can either reveal or exacerbate a latent myocardial bridge. The epidemiological characteristics, location, and management of myocardial bridge do not differ between the general population and flight crew and the aeromedical fitness depends on several conditions and the decision is made on a case-by-case basis.
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INTRODUCTION
A myocardial bridge (MB) is a rare congenital malformation in which a segment of a coronary artery — most frequently the left anterior descending (LAD) artery — traverses through the cardiac muscle instead of following its typical epicardial course (Möhlenkamp et al., 2002). (Figure 1)
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Figure 1: A cadaveric specimen showing a myocardial bridge affecting the proximal left anterior descending artery. (Roberts et al., 2021)

For a long time, it was perceived as an anatomical variant without pathological significance. However, this anomaly is now recognized as a potential contributor to cardiac events ranging from chest pain and rhythm disturbances to severe complications such as sudden cardiac death (Ferreira et al., 1991). Advancements in modern imaging techniques, including coronary computed tomography angiography (CCTA) and coronary angiography, have significantly improved the detection of myocardial bridges and enhanced our understanding of their functional impact (Alegria et al., 2005).
In the aviation context, this anomaly is particularly important. Flight personnel are exposed to multiple physiological stressors. Some are specific to aviation activities, such as hypoxia and accelerations, while others accompany this activity and are non-specific, including jet lag, fatigue, and operational stress. These factors, either individually or in combination, can exacerbate preexisting cardiac pathologies or reveal previously asymptomatic anatomical variations, such as the myocardial bridge. Therefore, any cardiovascular anomaly, even if considered benign in the general population, must be rigorously evaluated when concerning flight personnel.
This observational study examines the epidemiological characteristics and analyzes the modes of discovery and positive diagnosis of MBs in aircrew, as well as the fitness-related decisions made between June 2023 and May 2025. The study is carried out at the Aeromedical Expertise Center (CEMPN) at the Mohammed V Military Teaching Hospital in Rabat, Morocco.
 MATERIALS AND METHODS
This retrospective study was carried out at the Aeromedical Expertise Center of the Mohamed V Military Hospital in Rabat. It covered the period from June 1, 2023, to May 31, 2025. The study population included all flight members with confirmed  myocardial bridge who underwent examinations during this timeframe, whether for initial admission assessments or subsequent review visits.
Given that the maximum validity period for a medical fitness certificate is 48 months, this allowed the study to be extended to include all flight personnel monitored at the CEMPN, with the exception of those who had retired or undergone their medical examination at another aeromedical expertise center.
Access to the total annual visit count is provided by the computerized annual medical fitness register, an Excel file routinely updated and sent to the Civil Aviation Authority. This register captures candidate identity, age, sex, fitness decisions and aeronautical specialties, while omitting diagnoses for confidentiality.
Between June 1, 2023, and May 31, 2025, all cases of myocardial bridge (MB) identified during the assessment process were cataloged. The data was collected using a form based on the files studied, which included:
· Administrative data: age, sex, aeronautical specialty, type of medical examination.
· Medical data: weight, height, Medical personal and familial history, sports activities, smoking, alcohol consumption, functional signs, circumstances of discovery, clinical examination, ECG data and additional examination results.
Based on the European Society of Cardiology's classification, a normal electrocardiogram was determined by criteria distinguishing between normal or common, training-related (likely physiological) ECG changes, and uncommon, training-unrelated (likely pathological) changes (Corrado et al., 2010; Papadakis & Sharma, 2009). The additional tests included echocardiography, stress testing, coronary CT angiography, and invasive coronary angiography (ICA).
· Fitness decision: Fit, unfit, potentially involving a waiver and/or flight restrictions.
 RESULTS
Between June 1, 2023, and May 31, 2025, a total of 10,915 aeromedical examinations were conducted, leading to the identification of five myocardial bridges (MBs). This indicates a prevalence of 0.45 per 1,000 among flight personnel. The observed sex ratio was 4 males to 1 female.
The flight personnel in this study with MBs ranged from 24 to 55 years of age, with a mean age of 42 years. The cohort comprised four males (80%) and one female (20%). Their professional roles included three pilots (one of whom was a pilot trainee candidate) and two cabin crew members (hostess and steward). All identified MB cases were civilians. Regarding medical history and risk factors, none of the flight personnel had any personal or family history of cardiac disease or congenital heart disease except a pilot who presented recent high blood pressure. Furthermore, no subjects reported smoking or alcohol consumption. A substantial majority, three individuals (60%), reported engaging in regular physical activity at least once a week.
The MBs were all discovered incidentally during routine aptitude assessments at the CEMPN, with no functional symptoms reported in (80%); only the pilot trainee candidate reported symptoms of chest pain and palpitations. The initial suspicion of MB arose from electrocardiographic abnormalities in four cases (80%). Conversely, one case (20%) was identified following an abnormal exercise stress test. This test was conducted as part of the pilot's hypertension impact evaluation, preceding a planned waiver request in accordance with Moroccan aeromedical regulations. The clinical examination was strictly normal in all cases.
One flight personnel (20%) had a normal resting ECG and four flight personnel (80%) exhibited repolarization abnormalities on their resting ECGs. Theseabnormalitieswerelocalized to the followingterritories:
· Apico-lateral and inferior (2 case)
· Septo-apico-lateral (1 case)
· Antero-septo-apical (1 case)
 Exercise stress tests were performed on all five flight personnel. While all tests were clinically negative (no symptoms were observed), all assessments yielded electrically positive results, marked by ST segment depression.
On the Transthoracic Echocardiography all flight personnel (PN) exhibited a normal left ventricular ejection fraction (LVEF), ranging between 65% and 71% and no morphological abnormalities were detected. Coronary Computed Tomography Angiography (CTCA) successfully detected a myocardial bridge in 100% of cases. The locations were as follows:
· Distal segment of the LAD: 1 case (20%)
· Mid-segment of the LAD: 2 cases (40%)
· Mid- and distal portion of the LAD: 2 cases (40%) 
Invasive Coronary Angiography (ICA) revealed a milking effect associated with the myocardial bridge in three cases (60%). Based on the treating cardiologist's recommendations, two cases were prescribed aspirin and beta-blockers, while the others were placed under medical surveillance.The table 1 summarizes the data of the 5 flight crews.

	Age
	49
	55
	25
	42
	39

	Sex
	Male
	Male
	Male
	Male
	Female

	Profession
	Pilot
	Pilot
	Pilot Trainee candidate
	Cabin Crew 
	Cabin Crew

	Symptoms
	Asymptomatic
	Asymptomatic
	Chest pain palpitations
	Asymptomatic
	Asymptomatic

	history of cardiacdisease
	---
	High blood pressure
	---
	---
	---

	ECG
	Repolarization Abnormality (apico-lateral/inferior)
	Normal
	Repolarization Abnormality (apico-lateral/inferior)
	Repolarization Abnormality (septo-apico-lateral)
	Repolarization Abnormality (antero-septo-apical)

	Stress Test
	Clinicallynegative, electrically positive
	Clinicallynegative, electricallynegative
	Clinicallynegative, electrically positive
	Clinicallynegative, electrically positive
	Clinicallynegative, electrically positive

	CTCA Location
	Mid-LAD
	Mid- and Distal LAD
	Mid- and Distal LAD
	Mid-LAD
	Distal LAD

	ICA Findings
	normal
	milking effect
	milking effect
	Normal
	milking effect

	Management
	Surveillance
	Aspirin and beta-blockers
	Aspirin and beta-blockers
	Surveillance
	Surveillance


Table 1 : data of the 5 flight crews

DISCUSSION 
A coronary myocardial bridge (MB) is a congenital anomaly in which a segment of an epicardial coronary artery takes an intramyocardial course for a variable length, rather than remaining on the heart's epicardial surface (Ajmal et al., 2025). First documented by HC Reyman in 1737 (Reyman, 1737), but Geiringer was the first to conduct detailed morphological studies in 1951 (Geiringer, 1951). Myocardial bridging most frequently appears in the mid-segment of the left anterior descending artery (LAD), this accounts for 70% to 98% of all cases (Cay et al., 2006). In our study of flight crews, we found that the myocardial bridges were exclusively located in the left anterior descending artery, one case (20%) was found in the distal segment, while the remaining four cases (80%) were located in the mid- and combined mid- and distal portions. The prevalence of myocardial bridging is highly variable and depends significantly on the diagnostic method used. Autopsy studies report the highest rates, ranging from 40% to 80%. Coronary artery computed tomography (CT) also shows a high prevalence, at approximately 58%. In contrast, invasive coronary angiography reveals a much lower prevalence, ranging from 0.5% to 16% (Bourassa et al., 2003; Sorajja et al., 2003; Alegria et al., 2005). In our study the prevalence of MB in coronary angiography was 60%.
The significant differences in these rates are primarily due to how each method detects the condition. Autopsy studies and CT scans directly visualize the anatomy of the coronary arteries, showing their intramyocardial course regardless of the severity of systolic compression. Invasive coronary angiography, however, relies on indirect signs like the "milking effect," where the vessel is compressed during systole. This effect is only visible in cases where the bridge is deep and thick enough to cause significant compression, leading to a systematic underestimation of the true prevalence of myocardial bridging (Rovera et al., 2023).
Myocardial bridging (MB) is associated with late and often incomplete decompression, which typically peaks during mid-diastole. This incomplete decompression can lead to disturbances in diastolic coronary blood flow, particularly when an increased heart rate shortens the diastolic filling period. These hemodynamic perturbations are characterized by a "fingertip" appearance on the Doppler flow signal (Aleksandric et al., 2021; Sternheim et al., 2021).
Myocardial bridges are typically incidental findings discovered during an angiography or an autopsy. Nevertheless, patients with a myocardial bridge may present with atypical or anginal chest pain (Bastiany et al., 2025). In our study, only one flight crew member (20%) presented with symptoms of chest pain and palpitations. In the remaining 80% of cases, the diagnosis of myocardial bridging (MB) was made incidentally during routine aeromedical assessments, specifically via systematic electrocardiogram (ECG) exams. 
Myocardial infarction, left ventricular dysfunction, ventricular tachycardia, and sudden death are all recognized as potential consequences of myocardial bridging. However, given the prevalence of myocardial bridges, these severe complications are rare (Rovera et al., 2023).
Managing myocardial bridging (MB) is a clinical challenge. A personalized approach is crucial, taking into account a patient’s specific symptoms, cardiac anatomy, co-existing conditions. These factors, particularly the presence of hypertrophic cardiomyopathy, coronary artery disease (CAD) or other cardiomyopathies, can significantly affect patient outcomes. Initial treatment for myocardial bridging (MB) should involve medical management, which includes close clinical follow-up and risk factor modification. If symptoms persist despite this approach, revascularization via percutaneous coronary intervention (PCI) or surgery (such as coronary artery bypass grafting or myotomy) may be considered (Schwarz et al., 1997; Hongo et al., 1999).
For symptomatic patients, beta-blockers remain the cornerstone of treatment. They alleviate the hemodynamic disturbance caused by the myocardial bridge by decreasing heart rate, increasing the diastolic coronary filling period, and reducing contractility and coronary artery compression (Bourassa et al., 2003; Schwarz et al., 1997). Calcium channel blockers are also frequently used and, in addition to the pharmacological effects mentioned for beta-blockers, may have vasodilatory effects that could be beneficial in patients with concomitant vasospasm. Antiplatelet therapy should be considered for patients with a myocardial bridge due to their increased risk of developing atherosclerosis. One approach to individualize the need for antiplatelet treatment would be to use a computed tomography scan (CT scan) to identify subclinical atheroma (Hongo et al., 1999). In our study, two cases benefited from medical treatment based on aspirin and beta-blockers, and monitoring was sufficient for all three cases.
Ultimately, the epidemiological characteristics, location, and management of myocardial bridge do not differ between the general population and flight crew. The condition is usually discovered incidentally during routine medical examinations, but the discovery of MB in flight crew requires regular management and follow-up, as it can cause flight incapacitation.

AEROMEDICAL ASSESSEMNT
The cardiovascular system plays a critical role in aeronautical medicine given its frequent exposure to aviation-related stressors. These stressors can be categorized as either specific to aviation activities—such as hypoxia and accelerations—or non-specific, accompanying flight operations and encompassing factors like jet lag, fatigue, and operational stress. The cumulative effect of these factors, whether acting individually or in concert, can compromise cardiovascular function. Consequently, cardiovascular conditions represent the fourth leading cause of career disqualification among aircrew at the CEMPN (Medical Expertise Center for Aircrew) (Iloughmane et al., 2019).
In this context, a myocardial bridge, due to its dynamic nature, can lead to variable clinical manifestations during flight, especially in deep or extensive forms. It can therefore expose flight crews to a risk of sudden or subtle in-flight incapacitation (Nicol et al., 2019).
Flight crew members constitute a highly selected population that undergoes rigorous medical monitoring. To maintain their operational status, they must satisfy specific medical fitness standards governed by regulatory frameworks. While these standards vary across different crew categories, they are all designed to achieve a common objective: ensuring the safety of flights, the well-being of passengers, and the successful completion of missions (Iloughmane et al., 2024).
International medical standards are primarily outlined in the Aviation Medicine Manual published by the International Civil Aviation Organization (ICAO). This manual specifies that a candidate must be free from any congenital or acquired cardiac anomalies that could compromise their ability to safely perform the duties and privileges of their license and qualifications (International Civil Aviation Organization, 2012).
In the case of a myocardial bridge (PM), the fitness decision remains individualized, taking into account several factors: the method of discovery of the anomaly, its clinical and hemodynamic impact, the overall cardiovascular risk, the specific aeronautical specialty, and the type of medical examination (entry or renewal).
The medical outcomes for the assessed aircrew members in our study were as follows (table 2):
· Unrestricted Fitness: Two flight crew members (40%) were deemed fit for duty without any restrictions.
· Restricted Fitness: Two flight crew member (40%) was declared fit, subject to regular cardiological surveillance.
· Unfit for Duty: One flight crew member (20%) was deemed medically unfit due to the presence of a long and compressive myocardial bridge with associated hemodynamic impact, especially for an initial medical assessment.
· 
	Age
	49
	55
	25
	42
	39

	Profession
	Pilot
	Pilot
	Pilot Trainee candidate
	Cabin Crew 
	Cabin Crew

	Fitness decision
	Unrestricted Fitness
	Restricted Fitness
	Unfit
	Unrestricted Fitness
	Restricted Fitness



Table 2 : Fitness decision for  the 5 flight crews

CONCLUSION
Long regarded as a mere anatomical anomaly with no functional consequences, myocardial bridging is now established as a distinct clinical entity. It can be a potential cause of myocardial ischemia, cardiac arrhythmias, and even sudden cardiac death.
In the specific context of aviation medicine, this anomaly takes on particular significance. The unique stresses of the flight environment can either reveal or exacerbate a latent myocardial bridge. This interaction raises critical issues concerning medical fitness assessments, especially for flight crew members who must have an impeccable cardiovascular status.
The epidemiological characteristics, location, and management of myocardial bridge do not differ between the general population and flight crew and the aeromedical fitness depends on several conditions and the decision is made on a case-by-case basis.


CONSENT
As per international standards or university standards, patients written consent has been collected and preserved by the authors. 
ETHICAL APPROVAL
 As per international standards or university   standards   written   ethical   approval has   been   collected   and   preserved   by   the authors.
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
Authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing of this manuscript. 
COMPETING INTERESTS 
Authors have declared that no competing interests exist.

REFERENCES
Ajmal, M., Javed, B., Kubba, S., Singh, K., Samady, H., Lerman, A., & Corban, M. (2025). Contemporary review of myocardial bridging for internists. American Journal of Medicine, 138(7), 1068–1073. 
Alegria, J. R., Herrmann, J., Holmes, D. R., Lerman, A., &Rihal, C. S. (2005). Myocardial bridging. European Heart Journal, 26(12), 1159–1168. 
Aleksandric, S. B., Djordjevic-Dikic, A. D., Dobric, M. R., Tomasevic, M., Stankovic, S., Milosavljevic, S., Beleslin, B., Nedeljkovic, M., & Ostojic, M. (2021). Functional assessment of myocardial bridging with conventional and diastolic fractional flow reserve: Vasodilator versus inotropic provocation. Journal of the American Heart Association, 10(13), e020597.
Bastiany, A., Boivin-Proulx, L. A., Allan, T. E., Vohra, A., & McArthur, M. (2025). Interplay between myocardial bridging, atherosclerosis, and spasm in patients with nonobstructive coronary arteries. Journal of the Society for Cardiovascular Angiography & Interventions, 4, 103606. 
Bourassa, M. G., Butnaru, A., Lespérance, J., & Tardif, J. C. (2003). Symptomatic myocardial bridges: Overview of ischemic mechanisms and current diagnostic and treatment strategies. Canadian Journal of Cardiology, 19(4), 351–359. 
Cay, S., Biyikoglu, F., & Korkmaz, S. (2006). Myocardial bridging as a cause of acute anterior myocardial infarction. Acta Cardiologica, 61(1), 111–113. 
Corrado, D., Pelliccia, A., Heidbuchel, H., Sharma, S., Link, M., Basso, C., Thiene, G., McKenna, W. J., Anastasakis, A., Borjesson, M., Bjornstad, H. H., Panhuyzen-Goedkoop, N., Delise, P., Solberg, E. E., Dugmore, D., Frank, H., Gaidjurgis, A., Glikson, M., Hanne-Paparo, N., . . . Corongiu, F. (2010). Recommendations for interpretation of 12-lead electrocardiogram in the athlete. European Heart Journal, 31(2), 243–259. 
Ferreira, A. G., Trotter, S. E., König, B., Décourt, L. V., Fox, K., & Olsen, E. G. (1991). Myocardial bridges: Morphological and functional aspects. British Heart Journal, 66(5), 364–367. 
Geiringer, E. (1951). The mural coronary. American Heart Journal, 41, 359–368.
Hongo, Y., Tada, H., Ito, K., Yasumura, Y., Miyatake, K., & Yamagishi, M. (1999). Augmentation of vessel squeezing at coronary-myocardial bridge by nitroglycerin: Study by quantitative coronary angiography and intravascular ultrasound. American Heart Journal, 138(2), 345–350. 
Iloughmane, Z., Zerrik, M., El Ghazi, M., Bennani Smires, F., Echchachoui, H., & Chemsi, M. (2019). Le comité d’experts en médecine aéronautique du Maroc: 10 ans d’existence 2009-2018. Médecine aéronautique et spatiale, 60(226), 19.
Iloughmane, Z., El Ghazi, M., El Khalifa, M., Zerrik, M., Bennani Smires, F., Echchachoui, H., &Chemsi, M. (2024). Aeromedical fitness considerations in myocardial bridging: A case study and literature review. International Journal of Medical and Pharmaceutical Case Reports, 17(4), 20–25. 

International Civil Aviation Organization. (2024). Manual of civil aviation medicine (Doc 8984 AN/895).
Möhlenkamp, S., Hort, W., Ge, J., & Erbel, R. (2002). Update on myocardial bridging. Circulation, 106(20), 2616–2622.
Nicol, E. D., Manen, O., Guettler, N., Bron, D., Davenport, E. D., Syburra, T., &Syburra, T. (2019). Congenital heart disease in aircrew. Heart, 105(Suppl 1), s64–s69. Papadakis, M., & Sharma, S. (2009). Electrocardiographic screening in athletes: The time is now for universal screening. British Journal of Sports Medicine, 43(9), 663–668. 
Reyman, H. C. (1737). Dissertatio de vasis cordis propriis. Bibliotheca Anatomica, 2, 359–378.
Roberts, W., Charles, S. M., Ang, C., Holda, M. K., Walocha, J., & Lachman, N. (2021). Myocardial bridges: A meta-analysis. Clinical Anatomy, 34(5), 685–709. 
Rovera, C., Moretti, C., Bisanti, F., De Zan, G., & Guglielmo, M. (2023). Myocardial bridging: Review on the role of coronary computed tomography angiography. Journal of Clinical Medicine, 12(18), 5949. 
Schwarz, E. R., Klues, H. G., vom Dahl, J., Klein, I., Krebs, W., & Hanrath, P. (1997). Functional characteristics of myocardial bridging: A combined angiographic and intracoronary Doppler flow study. European Heart Journal, 18(3), 434–442. 
Sorajja, P., Ommen, S. R., Nishimura, R. A., Gersh, B. J., Tajik, A. J., & Holmes, D. R. (2003). Myocardial bridging in adult patients with hypertrophic cardiomyopathy. Journal of the American College of Cardiology, 42, 889–894. 
Sternheim, D., Power, D. A., Samtani, R., Kini, A., Fuster, V., & Sharma, S. (2021). Myocardial bridging: Diagnosis, functional assessment, and management: JACC state-of-the-art review. Journal of the American College of Cardiology, 78(22), 2196–2212. 



image1.png
Aorta

Left coronary artery

Leftatrial appendage

Myocardial bridge covering

anterior interventricular artery Left pulmonary veins

Anterior interventricular artery

Ventricular branch of right
coronary artery

Circumflex branch of left
coronary artery

Wall of left ventricle

Leftmarginal artery

Diagonal branches of anterior
interventricular artery




