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Despite the established benefits of regular physical activity in
cardiovascular disease prevention, coronary events in the
context of atherosclerotic coronary artery disease are the most
common cause of exercise-related sudden death. A paradoxical
development of an increased coronary calcification burden is
likely associated with endurance training even in the absence of

any of the traditional cardiovascular risk factors. In this case
report, we present a 50-year-old male long-distance runner with
excessive subclinical myocardial ischemia.
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Key Points
» Endurance training is associated with increased calcification of the coronary arteries of unclarified clinical

» Routine screening tests may be ineffective for detecting coronary artery disease in athletes with low cardiovascular
risk profiles, as predicted by conventional cardiovascular risk scores.

component of a healthy lifestyle with well-estab-
lished benefits for preventing atherosclerotic cardio-
vascular disease (CVD).! In particular, even at lower doses,
running has been associated with reduced all-cause and CVD
mortality.” These benefits are mainly attributed to the positive
effect of regular exercise on endothelial function.
Paradoxically, coronary events in the context of previously
clinically silent atherosclerotic coronary artery disease were
the most common cause of exercise-related sudden death in
long-distance athletes with an otherwise low atherosclerotic
risk profile.®> Although it is recognized that vigorous physical
activity may increase the short-term risk of coronary events,
especially in the absence of any previous habitual exercise,
the relationship of endurance training with coronary artery
disease seems controversial.* Researchers® have addressed an
association between long-term marathon training and the
formation of coronary artery atherosclerotic plaques. The
underlying pathogenetic background as well as the clinical
relevance of this association remain to a great extent unclear.
Given that endurance athletes are usually asymptomatic, their
very low cardiovascular risk profile (as assessed by
conventional risk scores), and the poor diagnostic value of
standard clinical exercise tests, an optimal cardiovascular
screening strategy for this population is yet to be determined.
In this case report, we highlight the importance of the
medical history and detailed imaging evaluation for the
prompt detection of coronary artery disease in asymptom-
atic healthy athletes.

R egular physical activity is considered a basic

CASE PRESENTATION
Patient Section

A 50-year-old male marathon runner was referred to our
department for a routine cardiologic evaluation. The athlete
was apparently healthy with the exception of a history of
deep vein thrombosis of the left lower limb treated with
rivaroxaban for 6 months. The laboratory investigation of
that episode revealed heterozygosity for a 677T mutation in
the gene for methylenetetrahydrofolate reductase
(MTHFR), the enzyme responsible for homocysteine
recycling in the human body, and the thrombosis was
finally attributed to exhaustive exercise.

Traditional cardiovascular risk factors, namely arterial
hypertension, diabetes mellitus, family history of CVD, and
smoking, were absent; therefore, he was considered to have
a very low cardiovascular risk. He had a strict training
program consisting of approximately 15 km of continuous
and interval training running per day, with participation in
multiple marathon races over the past 10 years. Further-
more, he had never experienced chest pain, arrhythmia, or
any other symptom that could indicate underlying cardio-
vascular dysfunction.

Evaluation

At his first evaluation in our department, physical
examination revealed no pathologic heart sounds. Arterial
blood pressure was within normal limits. Electrocardiogra-
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Figure 1. Electrocardiogram at first evaluation showing no
significant abnormalities.

phy showed sinus rhythm and no repolarization abnormal-
ities (Figure 1). The athlete underwent a treadmill test,
performed according to the standard Bruce protocol. He
exercised for 14 minutes, achieving a peak heart rate of 145
beats/min and a total workload of 12.1 metabolic
equivalents. No chest pain or other discomfort was reported
during the test, and the exercise electrocardiogram revealed
no significant ST-segment depression. Routine laboratory
tests revealed no pathologic values. More specifically, a
complete blood count showed normal values, and a
comprehensive metabolic panel demonstrated no signs of
abnormal liver or renal function. Cholesterol values were
also within normal ranges (total cholesterol = 187 mg/dL,
high-density lipoprotein cholesterol = 56 mg/dL, low-
density lipoprotein cholesterol = 95 mg/dL, triglyceride =
87 mg/dL).

An echocardiography study was also performed, demon-
strating mildly increased left ventricular dimensions, with
preserved contractility and an ejection fraction of 50%,
without any specific wall-motion abnormalities, along with
left atrial enlargement. Although these findings were
considered consistent with “athlete’s heart,” further
evaluation with stress echocardiography and a cardiac
magnetic resonance (CMR) scan was ordered, mainly due
to the observed left ventricular enlargement and borderline
ejection fraction.

The stress echocardiography study was to follow several
weeks later and be performed before the CMR. The patient
came to his scheduled appointment in the outpatient clinic
directly after running 12 km during his morning training.
Surprisingly, the repeat electrocardiogram showed T-wave
inversions in precordial leads VI-V5 and in limb lead
augmented vector left (Figure 2), which were absent in the
previous electrocardiogram. In addition to these findings,
striking dyskinesia of the apical parts of the left ventricular
wall along with a reduced systolic function and an
estimated fraction of 40% were detected echocardiograph-
ically, with the patient remaining free of any symptoms.

Outcomes

In light of the results, instead of performing stress
echocardiography, we decided to immediately proceed to
coronary angiography, which, to our surprise, revealed 2-
vessel coronary disease in the presence of excessively
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Figure 2. Electrocardiogram at second evaluation demonstrating
T-wave inversion in the precordial leads V1-V5 and in limb lead
augmented vector left (arrows).

calcified stenotic coronary lesions. In particular, a mid-left
anterior descending artery subocclusion along with an 80%
distal left circumflex artery stenosis and an 80% proximally
occluded obtuse marginal branch were demonstrated; the
right coronary artery was highly atherosclerotic without any
critical stenosis (Figure 3).

Considering the extent and complexity of coronary
lesions as well as the existence of viable myocardium, as
assessed echocardiographically, a surgical revascularization
strategy was recommended to our patient. Two weeks later,
the patient underwent successful coronary artery bypass
graft surgery. The left internal mammary artery was
anastomosed to the distal left anterior descending artery,
and a saphenous venous graft was anastomosed to the
obtuse marginal branch.

The athlete was mobilized shortly after the operation,
performing short walks around the nurse’s station. Four
weeks after hospital discharge, he returned to outdoor
physical activities, performing short-duration walks for up
to 1 hour per day. He was allowed to start running at a
comfortable pace and at a noncompetitive level 3 months
after the operation and was advised to immediately report
any chest pain or discomfort during exercise.

DISCUSSION

Despite the established and undeniable health benefits of
regular physical training, sufficient evidence now exists to
support the existence of a small but significant risk of
atherosclerotic coronary artery disease among endurance
athletes. Indeed, a paradoxical association of long-term
participation in marathon running with increased calcified
coronary plaque volume as assessed by computed tomog-
raphy coronary angiography has been demonstrated.>° This
association seems to be independent of the presence of
cardiovascular risk factors and to exist even in athletes with
low atherosclerotic risk profiles, as assessed by the
commonly used risk score algorithms.

The precise pathogenetic substrate for the existence of an
increased coronary calcification burden among endurance
athletes remains largely unknown. A possible explanation is
that hyperdynamic coronary blood flow during exercise is
responsible for the development of increased shear stress
forces in the coronary lumen, resulting in chronic
endothelial injury. Repair of the injured coronary endothe-
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Figure 3. Coronary angiogram showing A, subocclusion of the mid-left anterior descending artery (arrow); B, C, 80% stenosis of the distal
left circumflex artery and 80% stenosis of the proximal obtuse marginal branch (arrows); and D, highly atherosclerotic right coronary

artery.

lium leads to increased calcium deposition and atheroscle-
rotic plaque formation.” The atherosclerotic process is
likely to be further accelerated by increased vascular
oxidative stress, after the excessive production of inflam-
matory cytokines accompanying endurance training.®

The clinical relevance of these findings is uncertain.
Given the established role of coronary calcification as a
strong marker for atherosclerotic coronary artery disease, a
potentially higher cardiovascular risk than that predicted by
conventional cardiovascular risk scores may be present in
endurance athletes.® In fact, ischemic heart disease is the
most common cause of sudden death among athletes above

the age of 35.° Increased mechanical forces on calcified
plaques during endurance training may induce plaque
erosion or rupture, ultimately resulting in epicardial
thrombus formation and microembolization.'” Neverthe-
less, the precise pathogenetic pathways for a possible
association between an elevated epicardial plaque burden
and ischemic myocardial damage remain to be established.

In this report, we emphasize that the detection of
subclinical ischemic cardiomyopathy by routine screening
tests may be quite challenging. A detailed assessment of the
athlete’s medical history may reveal crucial information,
such as exercise-related palpitations, episodes of atypical
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angina, or even syncope. Apparently normal electrocardio-
grams should always be interpreted with caution, and
echocardiography should be interpreted after considering
the athlete’s particular characteristics, including sport type,
race, sex, age, and body size.!! Although exercise stress
testing remains the established method for evaluating those
wishing to participate in competitive sports, it is known to
have low sensitivity for detecting coronary artery disease,
especially in asymptomatic athletes older than 35 years of
age with a low risk profile.'? Stress echocardiography may
be more efficient in detecting ischemic heart disease by
provoking an oxygen demand-supply mismatch in the
myocardium, resulting in regional wall motion abnormal-
ities.'> We believe that, in our patient’s case, the
demanding morning training preceding his echocardio-
graphic evaluation may have contributed to wall motion
changes due to an exercise-dependent deterioration of
myocardial oxygenation. Our initial decision to further
evaluate cardiac function with magnetic resonance and
stress echocardiography was mainly prompted by the
enlarged left ventricle with borderline contractility, which
was observed on the initial echocardiography.

In a previous investigation of a deep vein thrombosis
episode, heterozygosity for a 677T mutation in the MTHFR
gene was revealed in our patient. The MTHFR gene
encodes the MTHFR enzyme, which plays a central role in
folate and homocysteine metabolism. Mutations of the
MTHEFR gene can lead to less active forms of the gene,
resulting in mild-to-moderate elevations of plasma total
homocysteine, an emerging factor for coagulation disor-
ders, endothelial dysfunction, and atherosclerotic CVD. In
particular, the 677T mutation is considered the most
common MTHFR mutation, with a high prevalence in
certain ethnic and geographic populations; heterozygosity
for the mutation results in enzyme function that is
approximately 65% of normal. A less active enzyme may
not necessarily lead to elevated homocysteine levels. In
addition, unlike with homozygosity, no robust data are
available to confirm an association between heterozygosity
for the 677T mutation and a higher CVD burden.'?
Considering this information in total, it is unlikely that
heterozygosity for the 677T mutation could have contrib-
uted to the extensive coronary artery disease observed in
our patient.

Ventricular arrhythmias are rather common in athletes
participating in competitive sports and are usually unrelated
to underlying cardiovascular abnormalities.'* Nevertheless,
an ischemic myocardium may constitute a substrate for the
development of arrhythmias resulting from electrical
instability and, ultimately, sudden cardiac death. A CMR
scan often reveals areas with significant late gadolinium
enhancement, which is a recognized marker of myocardial
fibrosis. The subendocardial distribution of fibrosis usually
indicates ischemic myocardial damage, and its extent is
significantly associated with the risk for spontaneous
ventricular arrhythmias.!> A strong association between
late gadolinium enhancement and higher coronary artery
calcium scores has been demonstrated in marathon runners,
providing additional evidence for a pathogenetic link
between subclinical coronary calcification and intramyo-
cardial microvascular damage.® However, beyond ischemic
heart disease, structural cardiac abnormalities (such as
hypertrophic cardiomyopathy, arrhythmogenic right ven-

tricular cardiomyopathy, and congenital coronary anoma-
lies) as well as electrical abnormalities (including Wolff-
Parkinson-White syndrome) and inherited cardiac channel-
opathy are among the most common causes of fatal
arrhythmias in younger athletes (<35 years old) leading
to sudden cardiac death.'”

A few weeks after the coronary artery bypass grafting
operation, our athlete was encouraged to gradually return to
outdoor physical activities. The beneficial effects of
exercise on cardiovascular health overall survival are well
recognized in patients undergoing percutaneous or surgical
coronary artery revascularization. After a 2- to 6-week
convalescence period, surgical patients are encouraged to
participate in programs that include aerobic exercise using
the large muscle groups, such as walking, jogging, and
cycling, 3 to 5 times per week. The type and intensity of
exercise are individualized according to the patient’s heart
rate, subjective feeling of exertion, and severity of the
underlying heart disease and should be promptly modified
in case of recurrent angina. Optimally, patients should be
strongly encouraged to join exercise-based, medically
supervised cardiac rehabilitation programs that provide a
holistic approach to the CVD, including the management of
risk factors and the stress and depression of the postoper-
ative period.

Clinical Bottom Line

Atherosclerotic coronary artery disease is not uncommon
in competitive athletes and may not be accurately predicted
using conventional cardiovascular risk scores. Although the
clinical significance of an increased subclinical plaque
burden associated with endurance training is yet to be
determined, we highlight the importance of detailed
screening for ischemic heart disease independent of the
presence of symptoms or relevant risk factors in this
apparently low-risk population.

Special features include the following:

e Left ventricular enlargement with borderline ejection
fraction

e Dynamic electrocardiographic changes postexercise

» Excessive calcification of the coronary arteries
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