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Case Report

Asymptomatic ST-segment changes in athletes with
myocardial bridge: unremarkable or dangerous?
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Abstract

Coronary artery anomalies are a cause of sudden death in athletes in the absence of additional heart abnormalities. Understanding the pathophysiology is important
in guiding management because variations in coronary anatomy are common. Myocardial bridging (intramural coronary artery) is a common congenital coronary
anomaly that involves almost exclusively the left anterior descending coronary artery (LAD), and is regarded as a common anatomic variant rather than a congenital
anomaly. It is clinically silent in the majority of cases. Asymptomatic athletes with positive exercise testing have a high probability of having a myocardial bridge. So
the presence of ventricular repolarization abnormalities, such as ST segment depression, during stress tests meet clear indication to investigate by means of coronary
computed tomography to rule out the presence of this anomaly. Here the authors describe a case of a middle-aged competitive athlete who presented a positive

exercise test and was withdrawn from competition for the coexistence of a deep and long myocardial bridge at high risk of sudden death.

Introduction

Knowledge of physiology, normal and variant anatomy, and
anomalies of coronary circulation is an increasingly vital component
in managing congenital heart diseases. Importantly, coronary artery
anomalies are a cause of sudden death in young athletes in the absence
of additional heart abnormalities. Understanding the pathophysiology
is important in guiding management because variations in coronary
anatomy are common. Because of the considerable heterogeneity of
coronary vasculature, what is considered atypical, abnormal, aberrant,
anomalous, accessory, ectopic, incidental, variant, or significant is
often unclear. Primary congenital coronary anomalies are anatomical
variations of the origin, course and termination of coronary arteries,
which are not associated with complex congenital heart disease.
Coronary artery anomalies (CAAs) have been associated with
numerous symptoms, such as angina, dyspnea on exertion, ventricular
tachycardia and myocardial infarction [1,2]. The subject of CAAs is
undergoing profound evolutionary changes related to the definition,
morphogenesis, clinical presentation, diagnostic workup, prognosis,
and treatment of these anomalies. In order to understand the clinical
impact of CAAs, the key challenge is the refined and solid reasoning,
for a particular type of CAA, of a mechanism capable of interference
with the coronary artery’s function, which is to provide adequate
blood flow to the dependent myocardium [3]. Myocardial bridging (i.e.
intramural coronary artery) is a common congenital coronary anomaly
that involves almost exclusively the left anterior descending coronary
artery (LAD) [4], and is regarded as a common anatomic variant rather
than a congenital anomaly [5]. It is clinically silent in the majority of
cases [6]. After hypertrophic cardiomyopathy, CAAs are considered to
be the second major cause of death in young athletes [7,8]. Some authors
prefer to categorize CAAs only as “major”, “severe”, “important”, or
“hemodynamically significant” anomalies versus “minor” ones [1], but
what is important is their clinical significance. The focus of this article
concerns the myocardial bridging in athletes and its relation with the
eligibility for competitive sport. Coronary arteries that tunnel through
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the myocardium are seen in as many as 40% to 80% of cases on autopsy.
However, functional myocardial bridging is less commonly observed on
angiography (0.5% to 16.0%) and can range from 4 to 80 mm in length
[9,10]. Although myocardial bridges can be found in any epicardial
artery, 67% to 98% occur in the left anterior descending coronary artery
(LAD) [11,12]. Bridges have been described as superficial or deep on
the basis of three observations: 1) the range from 0.3 to 28 mm in depth
[11-13]; 2) anatomically they consist of either superficial myocardial
fibers that traverse over the LAD or deep fibers that encircle the LAD
[14]; and 3) bridges >5 mm deep are less amenable to surgical myotomy
[15]. It is therefore clear that the hemodynamic impact of myocardial
bridging depends on the thickness and length of the bridge,the
orientation of the bridge relative to myocardial fibers, and the presence
of loose connective or adipose tissue around the bridged segment.
Despite the fact that the clinical outcome of patients with intramural
left anterior descending coronary artery has been considered benign
by most physicians [9], the significance of a myocardial bridge versus
myocardial ischemia remains controversial. Indeed, some case reports
suggest that myocardial ischemia and myocardial infarction or sudden
death can be caused by myocardial bridging [16]. The prevailing
hypothesis supports that mechanisms by which myocardial bridging
causes myocardial ischemia include compromised coronary blood flow,
endothelial dysfunction, thrombus formation and a strong association
with coronary vasospasm [17]. Here the authors explain how it is
possible to assume, mainly in athletes, the presence of a myocardial
bridge through the interpretation of electrocardiographic findings
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such as theventricular repolarization abnormalities, i.e. ST segment
depression, recorded during exercise ECG stress testing. The authors
describe with a case study the aspects of the pathway which followed
the detection of an inducible myocardial ischemia during an exercise
stress test in an asymptomatic athlete.

Finally, the authors describe the anatomical features of myocardial
bridging that materialize the risk of sudden death in asymptomatic
athletes with ECG signs of inducible ischemia on stress testing.

Our experience

A 44-year-old male competitive amateur cyclist came to our center
to undergo a sports preparticipation screening. His personal history
was negative for cardiovascular disease or any cardiac symptoms. He
was nota smoker and he denied use of drugs or other medicaments.
His family history was negative for ischemic heart disease or premature
sudden death. The athlete was in good shape and excellent athletic
condition; weight was 70 Kg, height 178 cm; with a BSA of 1,87
m?* Physical examination was unremarkable and blood pressure
was 120/70 mmHg. The 12-lead resting ECG showed normal sinus
rhythm with normal QRS axis; QTc was within normal limits and the
ventricular repolarization pattern was normal (Figure 1). The exercise
stress testing, starting from 50 watt for 3 minutes, showed early]-point
depression (Figure 2) with ST segment downsloping and negative
T waves in precordial leads from V4 to V6. During exercise stress a
progressive depression of the J-point with ST-segment downsloping
(Figure 3) from the same leads was observed. The ST segments changes
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Figure 1. Resting ECG shows normal ventricular repolarization.
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Figure 2. ECG during warm up exercise stress test with early ST-segment depression.
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Figure 3. ECG peak exercise stress test with marked ST-segment depression.
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Figure 4. Intramyocardial course of the left anterior descending coronary artery (see blue
arrows) (Courtesy of Prof. Filippo Cademartiri).

persisted in the recovery period. The athlete, however, remained
completely asymptomatic. Echocardiographic examination showed
mild left ventricular hypertrophy with normal systolic function. A
subsequent coronary computed tomographic angiogram showed along
(11 cm) and deep anterior interventricular artery intramural course
(myocardial bridge) (Figures 4 and 5), with a proximal atherosclerotic
plaque and narrowing of less than 50% of the coronary lumen. The
athlete was withdrawn from competitions.

Discussion

The literature reports a study by Corrado et al. who published an
ESC consensus document on the screening of athletes for competitive
sports [18]. It is not unusual for athletes to exhibit an “abnormal” ECG
due to the effect of exercise training on the anatomy and autonomic
control of the heart. Most of the changes are present in athletes who
participate in endurance events; they are more common in males than
in females, and in individuals of African descent [19]. Up to 80% of
highly trained athletes show some evidence of ECG changes. Most of
which can be considered physiologic adaptations to exercise training
and do not necessarily indicate any pathology or concern. However, it is
important to understand which ECG abnormalities may be physiologic
and which are likely to be pathologic. The clinical significance of ST
segment anomalies occurring during exercise test in asymptomatic
individuals, particularly athletes, has always been debated, although
numerous studies [20] have shown that an ischemic ST-segment
response to exercise is a powerful harbinger for future coronary
events (i.e., angina pectoris, myocardial infarction, or sudden cardiac
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Length Myocardial Muscle Bridge

Figure 5. CCTA shows the length of myocardial muscular bridge (see blue arrows)
(Courtesy of Prof. Filippo Cademartiri).

death) in apparently healthy populations [21]. Maron et al. stated that
exercise ECG stress testing is the most frequently non-invasive test
used to detect CAD in symptomatic and/or high risk subjects [22].
However, the predictive value of exercise testing for screening CAD
in asymptomatic, low risk subjects is controversial, given the very low
pretest probability of identifying the pathology [23].

Some data suggest a higher prevalence of silent ischemia in
veteran athletes than in their sedentary counterparts [24,25], even
though a high prevalence of false positive exercise tests among
master endurance athletes has also been reported [26]. The Italian
Society of Sports Cardiology recommends periodical cardiovascular
evaluation, including an exercise test to exhaustion, for all subjects
over 40 before granting them eligibility to participate in competitive
sports [27]. Ventricular repolarization abnormalities during maximal
exercise testing are usuallyelectrocardiographic findingsin patients
with coronary artery disease, present in both symptomatic and
asymptomatic patients. Individuals with ST segment depression
during exercise testing, in the absence of symptoms, are often athletes
undergoing sports preparticipation screening. The significance of these
electrocardiographic abnormalities is unclear, often uncertain, and
it is difficult for physicians to judge. In the common practice these
alterations of ventricular repolarization in asymptomatic athletes
are frequently considered false positive tests. The most striking
abnormality found in anathlete of a case report was the significant
ST-segment down sloping depression induced by exercise stress test,
which was suggestive for silent ischemic heart disease. Considering
that the athlete was relatively young and with no cardiovascular risk
factors (i.e. low risk profile), the hypothesis believed to be the most
probable was the presence of a congenital coronary artery anomaly,
such as an abnormal origin or a intramural coronary artery (muscular
bridge on IVA). Indeed, myocardial bridge anomaly was confirmed
by CCTA.The COCIS 2009 [27] includes the myocardial bridging
among the congenital abnormalities of the coronary circulation and
states that this disease precludes suitability for competitive sports, as
such athletes are at risk of sudden death, even in the absence of signs
of inducible stress test ischemia.However, this cannot be considered
an absolute dogma. In fact, the incidence of myocardial bridging in
autopsies is very high, but this has not always been the cause of death.

Similarly, the presence of myocardial bridge is common in athletes,
but only in few cases this anomaly can be deemed a risk of sudden
death, because the majority of athletes compete in absolute tranquility
even though they might have a myocardial bridge. The difference
and challenge in sports medicine is then to precisely recognize the
athletes with positive exercise test for inducible ischemia associated
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to myocardial bridge who requires disqualification from competitive
sports. In essence: is the presence of inducible myocardial ischemia
on stress testing with the coexistence of a myocardial bridging
demonstrated by cardiac imaging tests sufficient to exclude an
asymptomatic athlete from competition? Our data in agreement with
literature [28] suggest the use of coronary CT angiography (CCTA)
when athletes show repolarization anomalies during exercise and its
recovery phase. Although the positive predictive value of a maximal
exercise test in asymptomatic athletes appears lower than what
observed in patients at high risk for coronary artery disease, about half
of the athletes withequivocal or positive exercise test demonstrated
some coronary abnormalities.Recently the Italian Sports Cardiology
guidelines [29] recommend to disqualify athletes or issue temporary
sports eligibility when a diagnostic doubt persists also after such tests.

The learning points of this article are as follows:

1) The clinical significance of inducible ischemia detected during
exercise testing in asymptomatic athletes should be always well
analyzed;

2) A relationship between abnormalities of ventricular
repolarization and the presence of a myocardial bridge found at the
coronary Tomography Computed angiogram may be suspected;

3) Coronary CT Angiography as modern cardiovascular imaging
enhances our knowledge of the spectrum of the athlete’s heart. Its role
may expand from the assessment of athletes with suspected disease
to being part of a comprehensive pre-participation screening in
apparently healthy athletes.

Conclusion

Anomalies such as myocardial bridge should be regarded as an
uneven diverse group of congenital disorders whose manifestations
and pathophysiological mechanisms are highly variable.In order to be
competent to detect and advise myocardial bridge carriers, especially in
the context of sporting activities, sports cardiologists should undergo
specific training with many years of ECG stress testing and have a
specific knowledge on coronary artery diseases.

Here the authors have reached the conclusion that when
electrocardiographic findings of inducible silent myocardial ischemia
at low workload are present in healthy athletes, it is mandatory to perform
a computed tomography coronary angiogram. The purpose of this test
is to investigate the coexistence of a muscular bridge and its anatomic
characteristics, i.., length and depth of the intramural segment of the
coronary artery, in an attempt to identify a high-risk characteristic. Such
procedure could assist in the risk stratification of patients diagnosed
with anomalous coronary artery. The authors hypothesize an association
between the length and depth of the intramural coronary artery segment
and the risk of sudden cardiac death. This paper should help physicians
and sports cardiologist to keep in mind the clinical importance of requiring
CCTA as second-level investigation for those athletes who show not only
a positive, but also an equivocal exercise stress and not to considered it as
a false positive test.
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