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Background In master athletes, atherosclerotic coronary artery disease (CAD) is the primary condition leading to major adverse cardiovascular 
events during sports. We report two cases of asymptomatic recreational athletes who suffered from an exercise-induced cardio-
vascular event.

Case summary The first athlete is a 70-year-old male speed skater without known history of cardiovascular disease. He has no typical risk factors 
for CAD and denied preceding symptoms. During training at the speed skating rink, he suddenly experienced severe chest pain. 
Electrocardiogram (ECG) showed ST-segment elevation in the precordial leads. In the ambulance, an episode of ventricular fibril-
lation was converted to atrial fibrillation. Coronary angiography showed a thrombus in the left anterior descending (LAD) coronary 
artery, treated with a glycoprotein IIb/IIIa inhibitor intravenously.

The second athlete is a 59-year-old male endurance athlete who presented with chest pain during cycling. He had a history of 
cavotricuspid isthmus ablation and pulmonary vein isolation for paroxysmal atrial fibrillation and flutter but experienced no symp-
toms in the weeks prior to the event. He also had no risk factors for CAD. ECG showed ST-segment elevation in the inferior leads 
and reciprocal depression in V2–V4. Successful primary percutaneous intervention of the circumflex artery was performed.

Discussion Limited data are available to guide recommendations for cardiovascular screening in master athletes. Since master athletes with 
CAD are often asymptomatic, more knowledge on the optimal pre-participation screening algorithm for identifying individuals 
at risk of adverse cardiac events is required.
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Learning points
• In adult and senior athletes, atherosclerotic coronary artery disease (CAD) is the primary condition leading to exercise-induced major 

adverse cardiovascular events.

• Pre-participation screening (PPS) in master athletes should target detection of asymptomatic atherosclerotic CAD to identify individuals 
at risk for adverse cardiac events.

• More knowledge on the optimal PPS algorithm for identifying individuals at risk of adverse cardiac events during exercise is required.
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Introduction
The majority of sports-related deaths occur among athletes older than 
35 years of age.1 Sudden cardiac events in young athletes are mainly 
caused by congenital, structural, and electrical disorders of the heart. 
In master athletes (≥ 35-years-old), however, atherosclerotic coronary 
artery disease (CAD) is the leading cause for the occurrence of major 
adverse cardiovascular events (MACEs).2

Timeline

Exercise-induced MACE includes a variety of diagnoses, including sudden 
cardiac arrest, sudden cardiac death, acute coronary syndromes, transient 
ischaemic attacks, cerebrovascular accidents and (supra-) ventricular ta-
chyarrhythmia’s.3 Exercise-induced MACE typically occurs during or within 
24 h post-exercise. Especially, sports-related sudden cardiac arrest in 
middle-aged athletes is associated with CAD in more than 80%.1,4

The risk of adverse cardiovascular events during exercise increases with 
age due to a higher prevalence of atherosclerotic disease in those older 
than 35 years of age. In fact, the incidence is almost 10-fold higher in indi-
viduals >35 years old when compared with those below the age 35 years 
(2.1 per 100 000 person-years vs. 0.3, respectively).5 Another factor asso-
ciated with an increased risk of MACE is exercise intensity. The proportion 
of acute myocardial infarction associated with exertion ranges from 4.4 to 
13.6%.6,7 Vigorous exercise is associated with an even higher risk of acute 
myocardial infarction due to plaque rupture or demand ischaemia (a mis-
match between myocardial oxygen supply and demand), which both could 
serve as a trigger for the occurrence of (fatal) ventricular arrhythmias.6,8

Pre-participation screening (PPS) has been advocated as a strategy to 
identify athletes with an increased risk of exercise-induced MACE. 
Currently, an unknown number of master athletes undergo PPS at the 
hospital or at sports medicine centers. For some competitions, a PPS is 
even mandatory to obtain eligibility. Other athletes undergo voluntary 
screening to evaluate their exercise capacity and to set their (heart 
rate) training zones and thresholds. The evidence for cardiovascular 
(CV) screening in master athletes is limited and concrete recommenda-
tions for asymptomatic master athletes engaged in vigorous exercise are 
lacking. One of the major problems associated with PPS is that it is not 
clear which athletes should be referred. The MASS study reported that 
73% of master athletes diagnosed with CAD were asymptomatic.9 In 
addition, low-risk male master athletes had a higher prevalence of athero-
sclerotic plaques compared with sedentary men, albeit with a more be-
nign morphology.10 However, currently screening is only recommended 
for symptomatic athletes or individuals with a high risk for adverse 
events,3 while a substantial subset of master athletes with underlying 

CAD does not fit these criteria. Therefore, more research is needed 
to determine if other subgroups could also benefit from screening.

Another problem associated with implementation of PPS is that there 
is insufficient research on which protocol should be used for master ath-
letes. There is only limited data available regarding the predictive value of 
electrocardiogram (ECG) during PPS in master athletes, as the inter-
national criteria for ECG interpretation in athletes are solely based on 
studies in athletes aged 12–35 years.11,12 Routine screening for ischaemia 
with exercise testing in asymptomatic low-risk athletes has a low positive 
predictive value for detection of obstructive CAD and is associated with a 

high number of false-positive tests.3,13,14 However, recent studies show 
that a subset of the athletes with abnormal results during exercise testing 
does have a higher risk for MACE when compared with athletes with a 
normal test result.15 Therefore, it remains to be established whom and 
how we should screen to identify the athletes who are at risk. To illus-
trate this dilemma, we report two cases of recreational master athletes 
without typical risk factors who suffered an exercise-induced adverse 
event and discuss whether or not they should have been screened.

Case presentations
Case 1
A 70-year-old male athlete suddenly experienced a sudden onset of chest 
pain during the first part of a speed skating training. The athlete is a former 
soccer player and has been skating and cycling for many years for about 
150 min a week, corresponding to 22,5 metabolic equivalent task (MET) 
hours. He had no background nor family history of cardiovascular diseases 
and denied having pre-existing symptoms. He is a non-smoker with a normal 
systolic blood pressure and a total cholesterol <6.0 mmoL/L. He denied the 
use of any medication. Based on his age and according to the SCORE risk 
chart, the baseline 10-year risk of a fatal CVD event was estimated of 
>5%. The ECG showed marked ST-segment elevation in leads V1–V4 
and aVL, and reciprocal depression in leads II, III, and aVF (Figure 1), indicating 
an ST-elevation myocardial infarction (STEMI) of the anterolateral wall. In 
the ambulance, the athlete had one episode of ventricular fibrillation, suc-
cessfully treated with short-duration of cardiopulmonary resuscitation 
and electrical defibrillation. Upon arrival at the coronary care unit, the chest 
pain was already decreasing and there was resolution of the ST-segment de-
viation. Physical examination demonstrated a regular hearth rhythm of 
78 beats per minute with a blood pressure of 117/70 mmHg, saturation 
of 100% with oxygen supplementation and respiratory rate of 19 per mi-
nute. On auscultation, he had normal heart sounds with no additional mur-
murs, and there were no abnormal lung sounds. Emergency coronary 
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Age CAD 
history

CVD risk Sports Clinical manifestation Management Follow-up

Case 1 70 No High cardiovascular 

risk (5–9%). Risk 

factor: age of 70 
years.

Speed 

skating, 

cycling

Chest pain during speed skating 

with ST-segment elevation 

on rest ECG, episode of 
ventricular fibrillation

Defibrillation in 

ambulance, 

treatment with 
antiplatelet 

medication

Cardiac rehabilitation programme 

and return to previous sports 

activities. Remained symptom-free 
during a follow-up period of 2 

years.

Case 2 59 No Low cardiovascular 
risk (<5%). No 

CVD risk factors.

Cycling, 
running, 

swimming

Chest pain during cycling, ECG 
showed an inferior posterior 

myocardial infarction

Percutaneous coronary 
intervention of the 

coronary occlusion

Anti-arrhythmic drug therapy for 
paroxysmal atrial fibrillation. 

Return to previous sports 

activities.
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Figure 1 Case 1: Twelve-lead ambulance ECG demonstrating ST-segment elevation myocardial infarction of the anterior wall.

Figure 2 Case 1: Coronary angiogram in right anterior oblique cranial view of the LCA. A thrombus is seen in the proximal part of the LAD (red 
circle).

Figure 3 Case 2: Twelve-lead resting electrocardiogram 6 months before the exercise-related adverse event.
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angiogram demonstrated a left-dominant coronary circulation with a 
thrombus in the left anterior descending (LAD) coronary artery 
(Figure 2, Supplementary material online, Video S1). Treatment with tiro-
fiban intravenously, a glycoprotein IIb/IIIa antagonist (platelet aggregation 
inhibitor), was initiated for twelve hours. The interventional cardiologist 
decided to not place a stent during the procedure. Although this decision 
can be debated, it is beyond the scope of these cases’ presentation. No 
residual coronary stenosis were seen on a secondary angiogram. 
Echocardiogram showed a preserved left ventricular systolic function 
(LVEF >55%) with asynergy in the LAD territory. There was no significant 
valvular heart disease. In addition, mild bi-atrial enlargement was ob-
served, which was considered to be a manifestation of sports adaptation. 
No previous ECG or echocardiogram was available. During admission, 
there was one episode of atrial fibrillation with spontaneous conversion 
to sinus rhythm. After discharge, the athlete participated in a 12-week car-
diac rehabilitation programme as part of standard care. After completion 
of his cardiac rehabilitation programme, he started skating and cycling 
again and remained free of symptoms during a follow-up period of 2 years.

Case 2
A 59-year-old recreational male athlete presented with an STEMI dur-
ing cycling. He exercises several times a week for a total of 1200 min, 

including running, cycling and swimming (160 MET hours). The athlete 
has a low cardiovascular risk (<5% according to the SCORE risk chart) 
based on his age, normal systolic blood pressure, total cholesterol of 
5,55 mmoL/L and the fact that he is a non-smoker. Six months earlier, 
his ECG demonstrated sinus rhythm, ventricular rate 48 b.p.m., with a 
normal heart axis, normal conduction intervals, no repolarization ab-
normalities, and no pathological Q waves (Figure 3), which is consid-
ered normal for an athlete according to current international expert 
consensus.11 His medical history revealed paroxysmal atrial fibrillation 
and flutter for which a combined pulmonary vein isolation and cavotri-
cuspid isthmus ablation successfully was performed five years before his 
cardiovascular event. Prior cardiac evaluation, including ECG and echo-
cardiography, demonstrated no cardiac abnormalities. After he experi-
enced persistent chest pain while exercising for about ten minutes, the 
ECG in the ambulance (Figure 4) showed normal sinus rhythm with 
ST-segment elevation in lead II, III, aVF, reciprocal depression in V2– 
V4 and T-wave inversion in aVL. Physical assessment was unremarkable 
and vital signs in the emergency department were: heart rate 52 beats 
per minute, blood pressure 153/90 mmHg, oxygen saturation of 99% in 
ambient air and temperature 36.9° Celsius. Coronary angiography de-
monstrated a distal occlusion of the circumflex artery (Cx) and a sten-
osis in the mid segment of the LAD (Figure 5, Supplementary material 

Figure 4 Case 2: Twelve-lead ambulance ECG demonstrating ST-elevation myocardial infarction of the inferior posterior wall.

Figure 5 Case 2: Coronary angiogram in right anterior oblique caudal view of the LCA. An occlusion is seen in the distal part of the RCx (red circle).
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online, Video S2). Successful percutaneous coronary intervention (PCI) 
of the Cx was performed to treat the acute inferior posterior myocar-
dial infarction (Figure 6, Supplementary material online, Video S3). A se-
cond coronary angiography was performed for PCI of the residual 
lesion in the LAD. The echocardiogram showed a preserved left ven-
tricular systolic function (LVEF 60%) without any wall motion abnor-
malities. Atrial and ventricular dimensions were normal. Submaximal 
exercise testing four weeks after the myocardial infarction did not 
show ischaemia. During follow-up and after starting flecainide (Class 

IC anti-arrhythmic) for paroxysmal atrial fibrillation, a cardiopulmonary 
exercise test was performed nine months after the cardiac event, dem-
onstrating a high maximum oxygen uptake (43.2 mL/min/kg, 121% of 
predicted). Resting and exercise ECG showed no ischaemia nor ar-
rhythmias. During follow-up, the athlete complained of repeated symp-
toms suggestive of paroxysmal atrial fibrillation, similar to the 
symptoms he also had regularly before. Several anti-arrhythmic drugs 
failed to maintain sinus rhythm or caused side effects. Although there 
is an increased risk with the use of flecainide in patients with ischaemic 

Figure 6 Case 2: Coronary angiogram in right anterior oblique caudal view of the LCA. Restoration of flow after stenting the occlusion of the distal 
part of the RCx.

Figure 7 Proposed ESC algorithm for cardiovascular assessment in asymptomatic individuals aged >35-years-old with risk factors for cardiovascular 
disease and possible subclinical chronic coronary syndrome before engaging in sports.3 *Consider functional test or CCTA if exercise stress test is 
equivocal or the ECG is uninterpretable. CVD = cardiovascular disease; ECG = electrocardiogram; SCORE = Systematic Coronary Risk Evaluation.
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heart disease according to current guidelines and previous trials, it was 
presumed to be save to start given the time frame after revascularisa-
tion, a normal left ventricular function on recent echocardiography and 
no other therapeutic options. After shared decision making and given 
previous good results, there was chosen to restart flecainide under 
closed supervision.

Discussion
This report describes the cases of two recreational master athletes 
who suffered from a myocardial infarction during exercise. Both ath-
letes had no history of CAD and denied having pre-existing symptoms 
suggestive for cardiac disease. An imminent question is whether PPS 
potentially could have prevented these cardiovascular events.

In line with the current guideline, the athlete from Case 2 had a low 
cardiovascular risk (<5%) and was not selected for PPS (Figure 7).3

The athlete from Case 1 should have been screened based on a high 
risk (5–9%) according to the SCORE chart, mainly driven by his age, 
and the proposed algorithm for cardiovascular assessment in asymp-
tomatic individuals aged 35-years-old.

The most recent ESC guideline ‘Sports cardiology and exercise in pa-
tients with cardiovascular disease’ published in 2020 states that data are 
insufficient to provide specific recommendations for screening in master 
athletes.3 In both cases, the cardiac event was the first manifestation of 
CAD without any prior symptoms. This is in line with the Master 
Athlete Screening Study, where symptoms were reported in only 27% 
of the participants diagnosed with obstructive CAD.9 An explanation 
for this finding may be that athletes have an altered pain perception and 
modulation when compared with non-athletes.16 For instance, 
endurance-based sport is associated with improved pain inhibition.17

This might play a role in the clinical presentation of these athletes and 
raises the question whether this should be taken into account in establish-
ing screening criteria for master athletes. In addition, this warrants a thor-
ough evaluation of other signs than traditional symptoms that may 
indicate (subclinical) CAD. As such, a case-control study in Dutch athletes 
showed that a recent episode of fatigue or flu-like symptoms was asso-
ciated with an increased risk of MACE,18 indicating that a focus on (slight) 
changes in exercise capacity could be more predictive than the traditional 
symptoms only. To our knowledge, this has not yet been sufficiently inves-
tigated, and new methods should need to be developed to investigate this.

For PPS strategies to be effective, it is crucial that only athletes are se-
lected with the highest risk at MACE. Selection criteria, as mentioned 
previously, now only include symptoms or a risk evaluation for possible 
subclinical chronic coronary syndrome by the SCORE chart.3 An import-
ant limitation of this strategy is that it does not identify individuals with, 
for instance, mild to moderate atherosclerotic plaques. It is shown that 
these individuals also have a higher risk of myocardial infarction during ex-
ercise.19 This can be explained by the fact that oxygen demand by the 
contracting myocardium substantially increases during heavy physical ex-
ercise, causing an imbalance between oxygen demand and supply, leading 
to myocardial ischaemia and, subsequently, to cardiac arrest or sudden 
cardiac death. When looking at the mechanism of oxygen demand during 
vigorous exercise, exercise intensity, and environmental factors are im-
portant determinants. Therefore, we postulate that exercise intensity, 
the total training volume and type of training and sport are important as-
pects to consider when deciding whether a master athlete should be 
screened. The RACER study group showed that the incidence of cardiac 
arrest during running was significantly higher during marathons than dur-
ing half-marathons.20 Most events occurred during the last quartile of the 
race. In addition, exercising circumstances should be taken into account. 
Exertion at altitude and in abnormal/extreme weather conditions can put 
more strain on the cardiovascular system.21–23 The aforementioned fac-
tors are currently not considered in the selection of athletes.

Another question is whether the use of the ESC SCORE system ad-
equately identifies the athletes with a substantial increased risk for 
MACE. The widely used SCORE risk assessment predicts fatal athero-
sclerotic cardiovascular disease (CVD) events over a 10-year period. 
This chart is based on the risk factors age, gender, smoking, systolic blood 
pressure and total cholesterol. Individuals with a risk of more than 5% at a 
fatal CVD during the next 10 years are identified as high-risk subjects. 
According to this model, athletes below the age of 50 years hardly can 
be classified as high-risk. However, the MASS study showed that 50% 
of athletes with significant CAD were not classified as high-risk.9 This 
clearly demonstrates that efforts should be made to develop more so-
phisticated models to predict the risk at MACE specifically in master ath-
letes. For instance, every athlete >35 years is considered to be a master 
athlete. However, it is known that with increasing age, the risk of any 
MACE is substantially increased in normal individuals. Therefore, dividing 
master athletes in age groups (35–50 and 50–75 years of age for instance) 
could be of help to distinguish which cause for MACE is most imminent.

Besides establishing appropriate selection criteria, the contents of PPS 
screening programmes is an important determinant of the success. The 
current guideline recommends a physical examination, 12-lead ECG and 
exercise stress test for sedentary individuals and/or those at high or very 
high-risk planning to undertake high-intensity exercise, as well as selected 
individuals planning to undertake moderate-intensity exercise.3 It is well 
known that a standardized exercise test is not the right screening modality 
to detect CAD in low-risk and asymptomatic athletes. There are other 
diagnostic methods to screen for subclinical CAD, such as computed tom-
ography (CT) with or without contrast or myocardial perfusion scintig-
raphy (MPS). However, it would not be cost effective to screen every 
master athlete with these invasive tests. The development of new non- 
invasive and non-radiation methods and screening algorithms would help 
to improve PPS in master athletes. There could be a role for more continu-
ous monitoring, preferably in the home-setting, with wearable sensors. 
Currently, no validated techniques for long-term mobile ischaemia detec-
tion are yet available, but this could be of potential added value. Particularly 
in athletes, monitoring of cardiac performance during activities in free-living 
conditions could lead to a higher diagnostic yield as exercise intensity and 
duration and environmental factors are also taken into account.

This case series of two asymptomatic athletes demonstrates the im-
portance of increasing knowledge about the optimal criteria and meth-
ods for PPS to identify master athletes at risk of MACEs. As more and 
more master athletes are participating in endurance and competitive 
sports, the incidence of exercise-related myocardial infarction, sudden 
cardiac arrest and sudden cardiac death is expected to increase.
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Slide sets: A fully edited slide set detailing these cases and suitable for 
local presentation is available online as Supplementary data.

Consent: The authors confirm that written consent for the submis-
sion and publication of this case series including images and associated 
text has been obtained from the patients in line with COPE guidance.
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