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Foreword

Sudden death in young athletes engaged in competitive sports is a highly visi-
ble, emotionally charged and important public health issue, which has increas-
ingly become part of the consciousness of the general public and practicing sports
medicine community. Substantial progress has ensued in this new area of cardio-
vascular medicine since its inception 25 years ago. Indeed, considerable data are
now available from both the U.S. and Europe defining the causes, frequency and
demographics of these tragic and counterintuitive events which strike to the core of
our sensibilities.

There has been a recent focus (and, in fact, controversy) regarding the most effective
and appropriate strategies for mass preparticipation screening for the detection of
otherwise unsuspected cardiovascular diseases. Finally, given the identification of
a cardiovascular abnormality in a trained athlete, several scientific societies, i.e.,
American College of Cardiology (ACC), European Society of Cardiology (ESC)
and Italian Sports Cardiology Society (SIC Sport) have offered detailed guide-
lines and consensus recommendations which represent criteria with which clinical
decisions regarding management and eligibility/disqualification decisions can be
effected.

This multi-authored book, the Sports Cardiology Casebook, edited by
Dr. Antonio Pelliccia, a noted international authority on sports medicine, cardiovas-
cular disease in athletes and chair of the ESC guidelines for eligibility/
disqualification, is an important contribution to our understanding of this important
and growing area of medicine. Dr. Pelliccia has compiled from international experts
several case vignettes illustrating some of the dilemmas implicit in reaching the dif-
ficult decisions regarding appropriate recommendations in athletes with underlying
cardiovascular disease. These are, invariably situations involving individuals greatly
invested in sports, often at elite or professional levels with their livelihood depen-
dent on continued eligibility. In drawing the “line in the sand” between eligibility
and disqualification, clinicians can rely in large measure on the aforementioned
consensus guidelines. . .but, in the end, a substantial measure of individual clinical
acumen is often required. Thus, the Pelliccia book represents a particularly useful
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addition to the literature in this field which will facilitate clinical practice related
to athletes.

Barry J. Maron, MD
Minneapolis Heart Institute Foundation
Minneapolis, Minnesota
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Introduction

Over recent years, issues related to management of competitive and amateur athletes
with cardiovascular disease have (CV) become highly visible and complex medical
and public health topics. Particular interest surrounds these issues in consideration
that elite and professional athletes represent a special and visible subset of our soci-
ety, not only for their outstanding physical performances, but also for the substantial
economic interests and the intense pressure to which they are exposed by sponsors,
sports organizations and media [1-4].

When a cardiovascular disease is found in such athletes, the managing physician
is required to solve the compelling issue of appropriate management and recom-
mendations, considering both the impact of sport participation on the course and
outcome of cardiac disease and the impact of disqualification on the athlete’s life.

In the last 2 decades participation in a broad spectrum of sport activities (includ-
ing competitive events) has increased substantially in civilized societies and has
become an integral part of the lifestyle of large segments of the population, includ-
ing very young and senior individuals. In this context, competitive and professional
sports have progressively evolved toward globalization, including nowadays not
only Western Europe and the U.S., but also large number of East European and
African countries, as evident by the changing demographics of elite athletes engaged
in professional sports, primarily soccer or basketball.

Due to the unique structure and pressures of competitive sports, athletes with
CV disease may not always have adequate knowledge and independent judgment in
assessing the risk associated with a competitive sports career. Therefore, the man-
aging physician (and consultant cardiologist) have the ethical, medical and legal

XV
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obligation to assess appropriately the overall risk scenario associated with sport
lifestyle in an athlete with cardiovascular abnormality and clearly inform the can-
didate. Indeed, the managing physician is responsible for final recommendations
concerning sport participation, with the aim to preserve the innumerable benefits
derived from sport (including economic interests in elite/professional athletes) but
prevent adverse clinical events and reduce the risk of disease progression.

However, when a disqualification decision is possible, pressure on the manag-
ing physician may be intense, and consensus guidelines represent the only legit-
imate support to the physician’s decision. Under such difficult circumstances,
adherence to recommendations released by scientific societies represents the only
appropriate defense for the physician, as well as the appropriate manner in which to
protect athletes from the unsustainable hazard of sports participation.

Consensus guidelines for eligibility/disqualification decisions in competitive ath-
letes with cardiovascular abnormalities were initially promoted in the U.S. (in 1985
the American College of Cardiology formalized the first Bethesda Conference #16,
with subsequent updated #26 and #36 in 1994 and 2005, respectively [5-7]). In
Europe, the first consensus document concerning the management and participation
in competitive sports of athletes with cardiovascular abnormalities was delivered
from the Italian Sports Cardiology Society in 1995 and subsequently updated to
2003 [8], and from the European Society of Cardiology (ESC) in 2005 [9].

The rationale for offering both the American and European expert consensus
documents is the widely accepted perception that athletes with clinically silent car-
diovascular disease harbor increased risk for disease progression and sudden death
by virtue of their commitment to intensive training and competition. Conversely, the
removal of athletes from this lifestyle is regarded as mechanism by which the risk
may be substantially reduced [10, 11].

Both the ACC Bethesda Conference #36 and the ESC recommendations provide
specific advice with respect to different cardiac abnormalities and sports, based on
the available scientific data, as well as on personal experience of the panel partici-
pants. These documents represent the most updated attempt to combine the (scarce)
evidence-based data with personal experience of the experts.

However, presentation of cardiovascular disease in individual athletes may
present a variety of clinical forms and not always correspond to the schemes
reported in the documents, making management of the candidate-athlete trouble-
some. In these instances it is challenging to translate the recommendations dictated
by the scientific societies into the clinical practice.

It was our aim to address this problem with the present textbook entitled “Sports
Cardiology Casebook™. It was our intention to provide the managing physician with
appropriate tools for solving this problem, i.e., examples derived from the clinical
practice, which illustrate how to proceed in the management and final recommen-
dations of an athlete with cardiovascular abnormality by applying the current con-
sensus guidelines.

The textbook includes a large selection of clinical cases, which are intended to
offer a wide perspective of the most common problems arising in the cardiovascular
evaluation of competitive athletes, as viewed by expert European cardiologists. The
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selected cases are listed according to their clinical presentations, i.e., abnormalities
discovered by medical history, by the electrocardiogram, and finally by the usual
imaging testing (primarily, echocardiography). This structure makes it easy for the
physician to search for a similar and appropriate tutorial case.

The clinical cases here reported represent the selection made by physicians
and scientists working in Europe within the Sports Cardiology group, and their
assessment closely reflect the ESC consensus guidelines [9], in addition to their
personal expertise and science. However, in consideration of the scarcity of sci-
entific investigations concerning the effect of regular sport activities on the patho-
physiology and clinical course of several cardiovascular disease, caution is needed
in applying the present examples to clinical practice, and efforts should be made to
tailor precise advice to each athlete-patient.

Therefore, the examples provided here cannot be assumed to represent the stan-
dard of care in all instances, but are examples to be applied in practice in a individ-
ualized fashion. Indeed, these cases should not restrict the physician’s independent
judgment in evaluating the candidate-athlete and cannot be claimed as impairment
to physician liberty to search appropriately the best medical management of the
patient-athlete.
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Chapter 1
A 27-Year-Old Professional Cyclist
with Palpitations on Effort

Hein Heidbiichel and Axel J.P. Urhausen

Family and Personal History

The patient was a 27-year-old professional cyclist. An elite athlete, he had partic-
ipated at several international races, including the Tour the France and the World
Cycling Championship.

Prior medical history was uneventful. There were no familial antecedents of sud-
den cardiac death. His father and younger brother were competitive cyclists too,
albeit not at a professional level.

The athlete was referred to our observation because of recurrent exercised-
induced palpitations that had first occurred 1 month before.

The athlete reported that during exercise the heart rate monitor showed abrupt
increase of heart rate, from an average of 170-180 bpm, to 210 bpm for a few sec-
onds. At that moment the athlete experienced palpitations and a sudden fatigue, but
no dizziness. He never had a pre-syncope or syncope. It was remarkable that the
team physician had, because of these palpitations, given him flecainide IV on the
morning before a competition, although no prior ECG diagnosis had been made.
Apparently the treatment had been successful in preventing recurrences.

Physical Examination

The physical examination was normal. Blood pressure was 124/72 mmHg.

12-Lead ECG

The ECG at first evaluation is shown in Fig. 1.1. There was a sinus rate of
42bpm. The QRS complex duration was slightly prolonged (105 ms) with mild,

H. Heidbiichel (=)

Department of Cardiology, University Hospital Gasthuisberg, University of Leuven, Herestraat 49
B-3000 Leuven, Belgium, Europe

e-mail: Hein.Heidbuchel @uz kuleuven.ac.be

A. Pelliccia (ed.), Sports Cardiology Casebook, 1
DOI 10.1007/978-1-84882-042-5_1, © Springer-Verlag London Limited 2009



2 H. Heidbiichel and A.J.P. Urhausen

Fig. 1.1 The 12-lead ECG at initial evaluation. There was a sinus rate of 42bpm. The QRS
complex was slightly prolonged (105 ms) with a QTc interval of 520 ms. and repolarization abnor-
malities (the QTc interval was normal on an ECG 2 years earlier, and there were no indications for
familial long QT syndrome)

non-specific repolarization changes. The corrected QTc interval was markedly pro-
longed (520 ms).

A prior ECG was searched for (recorded during a cardiologic screening per-
formed elsewhere 2 years before): at that time the ECG showed a QTc interval
within normal limits (i.e., 440 ms).

Diagnostic Testing

The exercise test showed a superb performance, with maximum workload of 550 W
and heart rate of 180bpm. During the test, the QTc interval returned to normal
limits (<440 ms), but there was a progressive widening of the QRS complex, with
development of a right bundle branch block morphology and indeterminate axis
(Figs. 1.2 and 1.3 at 200 W and 500 W workloads, respectively). During the recovery
the QRS width decreased gradually.

In addition, sporadic premature ventricular beats (PVBs) with different morphol-
ogy (mostly with left bundle branch block) were observed during exercise.

The ECG Holter monitoring documented 870PVBs/24h, with different
morphology.

A late potential ECG was positive for three criteria (filtered QRS duration
139 ms; HFLA duration 56 ms and RMS40 17 wV; Fig. 1.4).
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Fig. 1.2 The ECG recorded at 200 W during exercise testing. There is sinus tachycardia with a
rate of 100 bpm. Compared to the baseline ECG, there is a shortening of the QTc interval, but a
slight increase of the QRS duration with an incomplete right bundle branch pattern is seen

Fig. 1.3 The ECG recorded at 500 W during exercise testing. There is a further increase of the
QRS duration with development of complete right bundle branch block
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Fig. 1.4 Late potentials were =~ 1 T
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Echocardiography showed dilatation of the left ventricle (diastolic and sys-
tolic diameter S8 mm and 38 mm, respectively) with concordant dilatation of the
other heart chambers. LV septal thickness was 15 mm and posterior wall thickness
12 mm. The overall morphologic pattern was judged to be expression of the athlete’s
heart [1].

Cardiac magnetic resonance imaging excluded hypertrophic cardiomyopathy, but
showed a disproportionate (albeit mild) dilatation of the right ventricle (RV) with
slightly reduced systolic function. Early diastolic flattening of the septum and a
distended inferior vena cava suggested RV overload.

Coronary angiography and ventriculography showed normal coronary arteries,
a slightly dilated but normally contractile left ventricle, and a slightly dilated
and mildly hypokinetic right ventricle, without significant regional wall motion
abnormalities.

An electrophysiological (EP) study was performed. It excluded a concealed
accessory pathway and AV nodal re-entrant tachycardia. It could not induce any
atrial arrhythmias nor any ventricular arrhythmias (with up to three extra stimuli at
two basic cycle lengths of 600 and 400 ms at baseline, and after administration of
1, 2 and 3 pg/min of isoprenaline). During isoprenaline infusion, however, sporadic
PVBs and couplets, again with left bundle branch morphology and variable axis,
were induced.
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In conclusion, the cardiovascular evaluation suggested abnormal ventricular con-
duction slowing throughout the ventricles, of unknown aetiology, associated with
PVBs and positive late potentials. Moreover, there were signs of RV overload (which
were likely related to the frequent PVBs with left bundle branch morphology), but
these abnormalities did not fulfil the criteria for arrhythmogenic RV cardiomyopa-
thy (ARVC). Together with the late potentials, there were two minor criteria for
ARVC, which were not sufficient for definite diagnosis [2].

Recommendations and Treatment

The patient was advised to stop competitive sports and was requested to perform
only moderate training with a long-term ECG recorder and his rate monitor, with
the purpose of recording the spontaneous arrhythmias.

Two weeks later an event recording during training revealed polymorphic ven-
tricular tachycardia which lasted more than 15 s. It reproduced the subjective symp-
toms and was recorded as an abrupt heart rate acceleration on his heart rate monitor
(Fig. 1.5).

Ml rresrdimg - 1040 143107 Gaim <12

Fig. 1.5 Event recording during training revealing polymorphic ventricular tachycardia which
lasted >15 s. It reproduced the subjective symptoms and was documented as an heart rate acceler-
ation on his heart rate monitor
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Clinical Course

The athlete was advised to stop any competitive and intensive sports activity. A
low dose beta-blocker was started (metoprolol 25 mg once daily). Class-1 drugs
or amiodarone were considered to be an unsuitable option given the intraventricular
conduction delays. It was also suggested to consider prophylactic ICD implantation,
which the athlete declined.

Given the impact of the therapeutic decisions, the athlete was advised to seek a
second opinion. The importance of showing all the available data for such a sec-
ond opinion was stressed, and a file with copied documents was assembled for this
purpose.

The patient consulted six other cardiology centers, taking the documentation of
the original evaluation with him. In four the same advice was given, whereas in two
others the recommendation was given to continue competitive sports under beta-
blocker treatment, based on the finding that arrhythmias during exercise tests were
non inducible under treatment with metoprolol 25 mg/day. The patient, therefore,
restarted competition.

Nevertheless, 6 months later and despite continued beta-blocker treatment
the athlete showed an exercised-induced non-sustained ventricular tachycardia
(10 beats, 220 bpm) during exercise testing performed in one of the latter centers.
At that time, also in that center the athlete was finally advised to stop any competi-
tive sports activity.

After 1year he was admitted to yet another hospital with sustained ventricular
tachycardia which had developed during recreational cycling (230/min.). A new EP
study was performed, which triggered two sustained ventricular tachycardias, both
with left bundle branch block morphology. An ICD was recommended, but rejected
again by the patient.

After 6 months he was re-admitted to yet another hospital with sustained ven-
tricular tachycardia (the trigger of which is unknown). Ablation was not performed
since it was not considered to be definitive treatment. An ICD was recommended
based on the evidence of progressive arrhythmogenic disease in the athlete, albeit
without unequivocal diagnosis of ARVC. The patient again rejected the ICD.

After 2 months he collapsed during a solo cycling training, was resuscitated late
and died 2 weeks later.

Discussion

This case illustrates the difficult work-up of an athlete presenting with palpitations,
and the difficulty in coming to a conclusive diagnosis on the aetiology of ventricular
arrhythmias, which may convey a lethal outcome.

It also illustrates the special care needed in evaluating athletes with palpitations
induced by exercise, such as in this case, where ventricular conduction disturbances
and right ventricular enlargement were seen, but it was unclear whether the palpita-
tions were due to repetitive ventricular premature beats or ventricular tachyarrhyth-
mia or sustained atrial arrhythmia.
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Imaging examinations are not always sufficient for diagnosis, as in this case,
where the electrophysiological work-up was warranted. Indeed, although the initial
QTc interval in our patient was prolonged, there was no further evidence for a con-
genital long QT syndrome (which was also excluded by the familial screening). This
case is also certainly not a typical presentation of catecholaminergic polymorphic
VT and there was no familial history of it.

On the other hand, there was conduction abnormality (right bundle branch block;
late potentials), increasing during faster heart rates, and of progressive nature.

Some authors have suggested that, in the absence of epsilon-waves on the
surface-ECG, signal-averaged ECG recording revealing late potentials may be a
sign of delayed (right) ventricular activation and of a pro-arrhythmogenic substrate
[3]. Late potentials may be a subtle but definite criterion for ARVC [2]. Unfor-
tunately, genotyping was not available to exclude further a channelopathy or car-
diomyopathy in this case. Eventually, not only the absence of a familial history but
also the progressive nature of the conduction disturbances (with a normal ECG pat-
tern seen 2 years before presentation) argues against pre-existing and/or familial
disease.

Polymorphic ventricular tachycardia occurring during exercise, as documented
in this case, always carries a bad prognosis, since it may point to an underlying
inherited electrophysiological disorder or to underlying structural disease.

Given the undeniable presence of underlying pathologic substrate (albeit without
conclusive diagnosis), this patient was definitely considered ineligible for compet-
itive sports like cycling [4]. Although this advise was debated after the first evalu-
ation, there was clear medical consent in this respect after documentation of repeat
arrhythmias, despite beta-blocker treatment.

A sense of concern is also related to the inability for the several consultant car-
diologists to implement their advise into practice. The lack of national law obliging
athletes to obtain a medical clearance before entering competitive sport (such is the
case in Italy) put the cardiologists in the position of not being able to withdraw this
patient at high risk from sport activity.

In conclusion, palpitations during exercise, fast rates on a heart rate monitor,
symptoms of hemodynamic compromise (like a sudden fatigue during exercise in
this case), and even the finding of sporadic VPBs during an exercise test should be
taken seriously and should trigger a comprehensive evaluation for ruling out under-
lying structural heart disease and potentially lethal ventricular tachyarrhythmia (see
also Chapters 19 and 21 in this respect).

That goal needs a tailored and individualised work-up in selected cases, and may
also exceed the standard routine protocol suggested in the recommendations [4].
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Chapter 2
Impaired Performance in a Master
Long-Distance Runner

Francois Carré

History

A 58-year-old male long distance runner complained of reduced exertion
performance during the last 3 months despite an intensive training schedule. He
felt “broken” beyond 12 km/h, and experienced respiratory “blockage” during high
speed running, associated with a dramatic decrease of his maximal running speed.
During the last 5 years he had short episodes of palpitations during training. Previ-
ous cardiovascular testing (12-leads ECG, echocardiography, maximal exercise test,
ECG Holter monitoring) demonstrated a few isolated supraventricular and ventric-
ular premature beats. His general physician recently performed a comprehensive
haematological check-up, which showed no abnormalities.

Athletic History

This athlete has been active in long distance running for the last 20 years and par-
ticipated in long-distance events, from half-marathon to 100-km races. The current
training schedule was between 80 and 100 km per week (five sessions a week of
running and one session of cycling).

Family History

His familial history revealed no known congenital or other cardiovascular dis-
eases and no known cases of premature (< 50 years) sudden cardiac death in close
relatives.
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Medication

He does not use any medication, and denies any drugs abuse.

Physical Examination

On physical examination there was a healthy male, height 1.69 m, weight 66 kg,
with a calculated fat mass of 19%. His resting heart rate was 48 bpm, and blood
pressure 145/90 mmHg. Auscultation of heart and lungs was normal.

12-Lead ECG

Resting 12-lead ECG (Fig. 2.1) shows a sinus bradycardia (45 bpm). The PR, QRS,
and QT/QTc intervals were normal. The P wave was somewhat enlarged and split
in standard leads, negative in standard lead III, in precordial lead V1 and diphasic in
V2. An incomplete right bundle branch block was noted. Flat and negative T waves
were present in precordial leads from V4 to V6. One isolated ventricular premature
beat was registered.

All these ECG changes were already noted in previous ECG tracings and the
present pattern had remained substantially unchanged over the last few years.
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Fig. 2.1 Resting 12-lead ECG pattern
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Maximal Exercise Test with Gas Analysis

Because of the symptoms, runner’s age and resting ECG changes, we performed
maximal exercise test with gas analysis. The test was performed on a treadmill and
was interrupted at the occurrence of dyspnoea and subjective feeling of respira-
tory “blockage”. The athlete reached the maximum speed of 12.5 km/h, which was
maintained for only 2 min. Maximal heart rate was 144 bpm. Gas analysis showed
a maximal oxygen uptake of 3 L/min (43 mL/min/kg) which represent 130% of the
theoretical value (Fig. 2.1).

Because of the runner’s training level, a higher performance was expected, and
the present performance was decreased in comparison to exercise testing of the pre-
vious year, which showed maximal speed of 14.5 km/h at the same maximal heart
rate attained (143 bpm). Moreover, the behaviour of oxygen pulse showed an early
plateau with a significant decrease before the end of the test (Fig. 2.1). This pat-
tern was consistent with a decreasing stroke volume. The ECG showed a straight
downward ST-segment in precordial lead V6 (Fig. 2.1), which quickly disappeared
during the recovery. Unfortunately blood pressure was not measured during the
treadmill test.
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Fig. 2.2 Maximal exercise with expired gas analysis on treadmill. A progressive continuous
protocol with a constant 1% slope grade and a 1 km/h increase every 2 min was used. V'O, = O,
uptake, V’CO, = CO, production, V’E = ventilation; HR = heart rate
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Fig. 2.3 Maximal exercise with expired gas analysis on treadmill. A progressive continuous
protocol with a constant 1% slope grade and a 1 km/h increase every 2 min was used. HR = heart
rate; V’O,/HR = O, pulse
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Fig. 2.4 Maximal exercise 12-lead ECG recorded during treadmill test
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Trans-Thoracic Echocardiography

Resting echocardiography showed end-diastolic LV diameter of 54 mm, with ven-
tricular septum and posterior free wall thickness at the upper normal limits (11—
12 mm). Left atrium (transverse diameter, 49 mm) was dilated. Systolic function
(ejection fraction: 62%) and mitral filling pattern were normal. A mild mitral insuf-
ficiency and a mild tricuspid insufficiency (grade I, pulmonary arterial pressure
18 mmHg) were noted.

Stress Echocardiography

Physical stress was performed on a bicycle exercise in semi-supine position. Max-
imal power was 200 W, with a maximum heart rate of 135bpm. Maximal blood
pressure was abnormally increased, i.e., 255/118 mmHg and decreased slowly to
164/86 mmHg after 6 min of recovery, at heart rate 65 bpm. No significant arrhyth-
mia were observed. Repolarization showed the same patterns as observed during the
treadmill test, i.e., straight downward ST-segment in precordial leads.

Echocardiography on peak exertion revealed no segmental wall motion abnor-
malities and ejection fraction of 80%, but a substantially increased pulmonary artery
pressure of 45 mmHg.

Diagnosis and Recommendations

Based on these results, diagnosis of systemic hypertension was made, based on the
consideration that resting blood pressure (145/90 mmHg) was somewhat too high
for a well trained long-distance runner. Moreover, blood pressure was substantially
increased at peak exercise, in consideration of the workload performed. Lastly, left
atrium was increased. The marked increase of the after-load during strenuous exer-
cise due to underlying systemic hypertension was believed to explain the drop in
oxygen pulse observed and the shortness of breath described by the runner. We rec-
ommended an ACE inhibitor and refrained the athlete from competitions until blood
pressure control was achieved. Treatment was efficient to decrease blood pressure
and relieve symptoms. At follow-up (after 12 months) the athlete was asymptomatic
and blood pressure was normal at rest (140/85 mmHg) and on maximum exertion
(230 W, BP 210/80 mmHg, HR 142bpm). He was eligible for competitive sports
without limitations and his performance is similar to that achieved in previous years.

Discussion

This 58-year-old male endurance athlete suffered from symptomatic hypertension
at rest and on exertion. Limitation of exercise tolerance and shortness of breath on
exertion were the first symptoms.
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When an athlete shows borderline blood pressure at rest, it is of utmost impor-
tance to measure the blood pressure on exertion and to assess the overall risk profile.
Advice regarding participation in sports activity is, in fact, based on the global risk
profile, which also include blood pressure. According to the recommendations [1,2],
B-blockers and diuretics should not be the first choice of treatment in an athlete with
hypertension, but ACE inhibitors, angiotensin II antagonists and calcium channel
blockers should be preferred.
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Chapter 3
A 26-Year-Old Cyclist with Syncope on Effort

Nicole M. Panhuyzen-Goedkoop and Joep L.R.M. Smeets

Family and Personal History

This is a 26-year-old male, with no known congenital or other cardiovascular
disease in the family. No known cases of premature (<50 years) sudden cardiac
death among close relatives.

The patient was actively engaged in top-level professional cycling, and achieved
an international level of recognition. His training schedule included 5-6 sessions a
week, 2-5 hours(h) of cycling indoor and outdoor (cross training and on the road).

Medical History
This young male occasionally suffered from dizziness and lightheadedness during
indoor training. After stepping down from the bike, and sitting down in a squat posi-

tion, complaints disappeared in a few minutes, and he could resume training without
further problems. For this reason he was referred to elsewhere for consultation.

Physical Examination

On physical examination blood pressure was normal, 110/60 mmHg, and there were
no cardiac murmurs or abnormal heart sounds.

12-Lead ECG

On the 12-lead resting ECG there was sinus rhythm, normal QRS axis, normal AV
conduction. The R/S wave voltages in precordial leads were increased, compatible
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Fig. 3.1 Baseline 12-lead ECG of the athlete. Increased R/S wave voltages in precordial leads
(V2-V6) are evident, in association with abnormal repolarization pattern (depressed ST segment,
inverted T waves) in standard leads II, III, aVF

with LV hypertrophy and marked abnormal ST-T wave changes were evident in
standard leads II, III and aVF (Fig. 3.1).

Echocardiography
Echocardiographic findings were within normal limits (Table 3.1). Although the

LV posterior free wall was at upper normal limits, there was no evidence of seg-
mental hypertrophy and the overall picture was suggestive for physiologic cardiac

Table 3.1 Cardiac dimension of the patient as assesses by echocardiography

Normal values in cyclists

Cardiac structure Cardiac dimensions (according to [11])
LVDd 56 mm 58+4 mm

VS 10 mm <12 mm

PW 12 mm <12 mm
Doppler-derived velocity

Ao Vmax 1.36 m/s 1.0-1.7 m/s

PV Vmax 0.80 m/s 0.6-0.9 m/s

E/A ratio 2.0 1.940.6

LVDd = Left ventricular diastolic diameter; VS = Ventricular septal thickness; PW =
Posterior; Ao = aortic valve; PV = pulmonary valve; E/A ratio = ratio of the early
diastolic to late diastolic peak flow velocities assessed at level mitral valve
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Fig. 3.2 Electrocardiogram recorded during exercise testing. Note the T-wave alternans in the
standard inferior leads

remodeling, and not for hypertrophic cardiomyopathy. Left ventricular function was
normal and so was the diastolic filling pattern, as assessed by transmitral Doppler
echocardiography. No abnormalities were found regarding right ventricular mor-
phology and function.

Exercise Electrocardiography

On exercise testing, starting from 75 W for 4 min, with increments of 50 W every
1 min, he reached 400 W, with a maximal heart rate of 185bpm, and showed
a normal increment of the blood pressure (at rest 135/75 mmHg, at peak exer-
tion 240/95 mmHg). There were no symptoms and no premature ventricular beats
(PVBs) or other arrhythmia during exertion. However, during exercise test T-wave
alternans was present in the standard inferior leads (Fig. 3.2).

Despite the abnormal ECG pattern, and in consideration of the absence of cardiac
structural alterations detectable by echocardiography, the patient was cleared for
competition.

Clinical Course

Two months later he had a sub-febrile temperature for 2 days, and an increased
resting heart rate of 15-20 bpm (resting heart rate, from the usual 40 to 55-60 bpm)
for 4 days. On the 5th day his resting heart rate returned to usual value, and on the
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Fig. 3.3a-d Cardiac pathology findings in the athlete. a,b Left ventricle with diffuse inflammatory
spots. ¢,d Right ventricle with diffuse fatty infiltration and fibrosis (with permission of AC van der
Wal, Acad Med Center. Amsterdam)

same day he resumed training. On the 7th day, after 1 h from his training session,
without any premonitory symptoms, he suddenly collapsed while driving home and
lost consciousness. His friends almost immediately started resuscitation, without
success.

The autopsy assessment revealed heart weight increased (700 g), left ventricle
with diffuse transmural inflammatory spots (leukocyte infiltration with necrosis and
myocyte degeneration), and right ventricle with diffuse fatty infiltration and fibrosis
(Fig. 3.3). This pattern was judged consistent with the diagnosis of arrhythmogenic
right ventricular cardiomyopathy (ARVC) [1]. Diagnosis was confirmed by a sec-
ond opinion elsewhere. DNA analysis was performed but did not reveal any of the
reported gene abnormalities associated with ARVC, such as PKP2, DSP desmo-
plakin on chromosome 6p24, DSG2 desmoglycin on chromosome 18q12.1-q12.2,
RyR2 ryanodine receptor, or DSC2 on chromosome 18q12.1 [2, 3].

In conclusion, final diagnosis in this 26-year-old top-level cyclist who suffered
from exercise induced syncope was, based on autopsy finding, arrhythmogenic right
ventricular cardiomyopathy.

Discussion

Syncope (or pre-syncope) during exertion in young athletes is an alarming symptom,
and first clinical expression of cardiomyopathies (HCM, ARVC), channelopaties,
myocarditis, valvular/subvalvular disease, high-grade AV block, congenital coro-
nary anomaly or critical coronary artery disease [4]. Pathology findings in this case
demonstrated ARVC with inflammatory spots in the ventricles.
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Table 3.2 Current major and minor criteria for diagnosis of ARVC

Major criteria

Familial disease confirmed at necropsy or surgery

Epsilon wave or QRS duration >110ms in V1-V3

Severe RV dilatation and systolic dysfunction with no/mild LV involvement
Localized RV aneurysms (akinetic/dyskinetic areas with diastolic bulgings)
Severe segmental RV dilatation

Fibrofatty replacement of myocardium (endomyocardial biopsy)

Minor criteria

Family history of premature sudden death (<35 years)

Family history based on clinical diagnostic criteria

Late potentials (signal-averaged ECG)

Inverted T waves in V2 and V3, no RBBB, in patients >12 years

LBBB-type tachycardia (sustained or non-sustained) on ECG, Holter monitoring or during
exercise testing

Ventricular extrasystoles (>1000 in 24 h) on Holter monitoring

Mild global reduced RV dilatation and/or RV dysfunction with preserved LV function

Mild segmental RV dilatation

Regional RV wall motion

According to the current clinical practice two major criteria, or one major and
two minor criteria are necessary for the diagnosis of ARVC (Table 3.2) [5, 6]. In
most instances, however, such as was the case of this athlete, definite diagnosis
cannot be reached according to these criteria. In fact, in our athlete the most typi-
cal electrocardiographic changes (inverted T waves in anterior precordial leads, or
right ventricular conduction delays, or epsilon wave, or ventricular ectopic beats
with LBBB morphology) were absent. Indeed, the echocardiographic investigation
failed to show any global or segmental morphologic alteration in the right ventricle.
These findings suggest the need for revising diagnostic criteria for this disease and
that great clinical expertise and caution is due in diagnosis of ARVC. Most young
patients with ARVC are asymptomatic and die suddenly on exertion due to life-
threatening ventricular arrhythmia. Other usual symptoms are syncope on exertion,
or lightheadedness or dizziness on exertion [6].

ARVC/D leads to sudden death with an estimated 5.4 times greater risk dur-
ing competitive sports than during sedentary activity [6]. There are several reason
that may explain the propensity for ARVC/D to precipitate effort-dependent sudden
cardiac arrest. Physical exercise increases the RV afterload and induces RV cavity
enlargement, which in turn may elicit ventricular arrhythmias by stretching the RV
myocardium and/or favouring re-entrant arrhythmic mechanisms. Myocyte stretch-
ing, such as that occurring during training and sports competition, may provoke
myocyte death in the presence of genetically defective desmosomes [7].

Another potential mechanism is the “denervation supersensitivity” of the RV to
catecholamines [8]. Sympathetic nerves may be damaged and/or interrupted by the
RV fibrofatty replacement which distinctively progresses from the epicardium to the
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endocardium, resulting in a functional denervation and consequent hypersensitivity
to circulating catecholamines.

Finally, in a subgroup of patients with familial ARVC/D a cardiac ryanodine
receptor (RYR2) missense mutations causing an abnormal calcium release from the
sarcoplasmic reticulum has been identified. Wall mechanical stress, such as that
induced by exercise, and increased heart rate are expected to exacerbate the cardiac
ryanodine channel dysfunction.

Another consideration raises in our patient regarding the occurrence of a sub-
febrile temperature for a few days just before death, which suggests possible inci-
dent myocarditis as trigger of sudden death. It is known that the ARVC clinical
course may present occasional exacerbations with similar clinical picture, without
implying incidence of infectious disease.

However, it is worth remembering that trained athletes, after an occasional infec-
tious disease, are usually prone to resume their training precipitously (this has also
been the case for our athlete) and do not consistently respect the appropriate conva-
lescence period.

Recommendations for Sports Participation
in Patients with ARVC

Athletes with clinical diagnosis of ARVC should be excluded from most competi-
tive sports, with the possible exception of those of low intensity, proven absence of
arrhythmias and no incidence of exercise-related symptoms. This recommendation
is independent of age, gender, and phenotypic expression of the disease and does not
differ for those athletes without symptoms, or treatment with drugs, or interventions
with surgery, catheter ablation, or implantable cardioverter defibrillator [9].

On an individual basis, leisure-time physical activity with low dynamic-static
intensity may be allowed, such as bowling, cricket, golf. [10].

Finally, neither management with ICD in patients with high risk, nor the presence
of a free-standing automated external defibrillator (AED) at sporting events, should
be considered absolute protection against sudden death, or treatment strategy, or a
justification for participation in competitive sports in athletes with previously diag-
nosed ARVD/C [9].
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Chapter 4
A 32-Year-Old Female Soccer Player
with Unexplained Syncope

A.W. Treusch, O. Oldenburg, T. Butz, A. Friind, E. Oepangat, F. van Buuren,
and K.-P. Mellwig

Previous Medical History

This is a 32-year-old female soccer player, suffering of syncope of unknown origin.
In the summer of 2001 she had a loss of consciousness while running (the heart
rate was reported to be 155-160 bpm). According to her teammates, she was not
responding for 2-3 min. The environment temperature was reported to be partic-
ularly warm, and general measures were done in the field; she also had infusion
therapy, but no hospital admission was advised.

After returning home in August 2001, a general check-up at the University Sports
Medicine clinic was performed. History revealed previous occurrence 8—10 presyn-
copal episodes since 2000, without loss of consciousness, during which she was not
adequately responding and felt weak for about 2—5 min. She did not report palpi-
tations or dyspnoea on exertion. There was no sign for infection, no tick-bite and
no change in exercise conditions. She also reported intermittent vision trouble that
occurred during exercise.

Physical Examination and Diagnostic Testing

Cardiovascular physical examination was normal. Blood pressure was 113/
82 mmHg and the heart rate was 54/min. Subsequently, diagnostic testing were per-
formed, including 12-lead ECG (Fig. 4.1a,b), which showed sinus rhythm 55 bpm.
The QT. interval was normal. The Sokolow index was negative for left ventricu-
lar (LV) hypertrophy. Echocardiography, ECG Holter monitoring, treadmill-testing,
and blood chemistry were examined at that time, but no abnormalities were found,
and no clear diagnosis could be made.
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Fig. 4.1a,b The 12-lead ECG shows sinus rhythm 55 bpm. QT, interval was normal. QRS-axis
between +60 and +90°. Flat T-wave in peripheral lead 11 with no clinical significance. R/S-change
in precordial lead V4. Negative Sokolow index for left ventricular hypertrophy

Clinical Course

In November 2004 during a slow exercise running (while in Turkey for a holiday),
she again suffered loss of consciousness. She reported intermittent pre-syncope feel-
ing (like passing-out) with vision difficulties (jittering-view). A possible tongue bite
could not be excluded, but no urination and no seizure occurred.

In January 2005 she was admitted at the University Heart-Center for further eval-
uation. She had not changed lifestyle or exercise conditions. She had suffered from
a mild tonsillitis in summer 2004 over 1 week. She reported an intermittent jittering-
view which occurred not only during exercise but also on normal walking. An oph-
thalmologic and neurological examination did not reveal any pathologic condition.
Remarkably, the pre-syncope episodes were frequent in 2001 and 2002, but very
rare since 2003. Since first presentation at a local sports medicine clinic in 1997,
there was no significant change in the clinical presentation of the pre-syncope and
syncope.

A previous ECG Holter monitoring recorded in December 1999 showed a few
premature ventricular beats (PVBs) during sleeping (199 PVBs, between 10 p.m.
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and 3 a.m.) with a heart rate of 45/min. An ECG Holter monitoring in March 2001
showed 66 PVBs and one episode of second degree, type 1 AV-Block at night. No
other rhythm disturbances in previous ECG Holter monitoring were seen.

At the time of our evaluation the facts were:

1. Real syncope happened twice in relation to exercise. Both times: first jittering
view and colourful view. No flashes or light beams. On second time possible
tongue bite.

2. There was no neurological or ophthalmologic cause for the jittering view. We
don’t know if the jittering view is associated to the syncope.

Family History

She has two sisters, both healthy. Her father is 62 years old and suffers from vocal
cord carcinoma and peripheral arterial occlusive disease. He has diabetes type II.
Her mother is 52 years old and suffers from myoma of the uterus. There is no family
history of myocardial infarction, coronary artery disease, stroke, heart failure or
sudden cardiac death.

Type and Level of Sports Activity Performed

Professional soccer player (goalkeeper) in first women’s soccer league. Many
times German champion and achiever of international awards. Member of German
national team and successful participant in World Cup, European Cup and Olympic
games. The usual training schedule was 4-5 times per week, twice daily. Competi-
tion games are once to twice per week. So far, no relevant injuries associated with
sport participation. She takes no medication, no drugs, no contraceptives.

Physical Examination

She was a 32-year-old white female in no apparent distress, alert and oriented to all
qualities. Normal body-structure 173 cm, 72 kg, body fat 21%. No relevant findings
on head, neck and throat (small tonsils with no signs of infection). Heart was regular
in rate and rhythm with 52 bpm. The blood pressure was 110/80 mmHg. Lungs were
clear to auscultation. The abdomen showed no relevant findings. No lymph nodes
were visible or palpable. A neurological examination showed no abnormalities.

12-Lead ECG

Regular sinus rhythm of 52 bpm. The ECG pattern was normal and unchanged com-
pared to that recorded in 2001 (Fig. 4.2a,b).
Differential diagnostic thoughts and strategies:
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Fig. 4.2a,b The 12-lead ECG recorded in 2005 shows regular sinus rhythm of 52 bpm. The ECG
pattern was normal and unchanged compared to that recorded in 2001

— As there was a suspicion for tongue bite, we needed to exclude a seizure or neu-

rological convulsive disease.
— A structural cardiac disease as responsible for syncope on exertion should be

excluded, and neuro-cardiogenic syncope should be proved,

Diagnostic Testing

ECG Holter-Monitoring (48 h)

— 40bpm (at night) — 108 bpm. Average heart rate 59/min. Total: 163 PVBs and
17 PSVBs/24 h, and one couplet of PVBs.
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— 42bpm (at night) — 103 bpm. Average heart rate 52/min. Total: 62 PVBs/24 h.
One short run of 3PVBs. At night a singular episode of second degree, type 1
AV-Block, with pause of 2.5 s, passed asymptomatic.

Blood Pressure (BP)-Monitoring

Day: average systolic BP 116 mmHg (range 103-143)/diastolic BP 74 mmHg
(range 63-88)

Night: average systolic BP 112 mmHg (range 105—118)/diastolic BP 66 mmHg
(range 61-70)

Late Potentials (HV)-ECG
Bidirectional butterworth filter was set at 40-250 Hz. Total QRS duration was

96.0 ms. Terminal LAS was 33.00 ms and terminal RMS was 55.40 WV for the vec-
tor magnitude. There were no late-potentials present (Fig. 4.3).

Exercise — Testing

Test performed on treadmill, starting at 8 km/h. and rising by 2km/h per 3 min.
Exhaustion after 3 min at 14 km/h. Heart rate at rest 81/min, at peak exercise
166/min. Blood pressure at rest 110/87 mmHg, at peak exercise 160/70 mmHg.

Prediclor Version 7.0 SAECG ANALYSIS _
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Blood pressure and heart rate behaviour was within normal limits. No pathologic
ECG changes during exercise were observed.

VO, at anaerobic threshold was 41.7 mL/kg/min. PeakVO, was 48.7 mL/kg/min,
representing 163% of the predicted VO,-max. Lactate at rest 0.9 mmol/L, at peak
9.3 mmol/L.

In conclusion: no cardio respiratory limitation and excellent physical
performance.

Echocardiography

Normal LV cavity dimensions and wall thickness. LV function was normal and no
regional wall motion abnormalities were present. No signs of LV hypertrophy. Right
ventricle showed normal size and function. No valve abnormalities were found.
(Fig. 4.4, Video 4.1).

Ajmalin — Testing

A total of 50 mg Ajmalin (repetitive doses of 10 mg) were infused; there were no

ECG changes detectable and, in particular, no ECG sign suggestive for Brugada
disease.

-

13/01,/2005 14:24:31 I 13/01/2005 14:31‘:!6

Fig. 4.4 Two-dimensional and Doppler echocardiography shows normal LV cavity dimensions and
wall thickness. LV function was normal and no regional wall motion abnormalities were present
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Sleep Apnea Monitoring

AHI1/h, RI 2, Apnea index 0/h, Hypopnea index 1/h. No sleep apnea present.

Cardiac CT Scan

There was no evidence for coronary artery anomalies in origin and course, and no
sign of atherosclerotic coronary artery disease, namely no stenoses detectable and
no relevant calcification (Fig. 4.5).

Cardiac Magnetic Resonance

Normal cardiac dimensions and volumes. Normal LV systolic function, no regional
wall motion abnormalities. Mild tricuspid- and aortic regurgitation. The cardiac
structures showed no fatty infiltration or other abnormalities. In conclusion, no signs
suggestive for ARVD or HCM. (Fig. 4.6, Video 4.2).

Tilt Table Testing

At rest bradycardia with a heart rate of 50/min. Blood pressure 105/60 mmHg. After
flipping to 70° upright position, steady rise in heart rate to 85/min in 5 min, the blood
pressure did not change until this point while a further rise in heart rate to 115/min
was seen. After 12 min (without additional drug provocation), nausea first appeared,
then a drop in heart rate (down to 50/min) occurred due to an intermittent AV-Block
third degree. At the same time a drop in systolic blood pressure below 50 mmHg
occurred. After some seconds, loss of consciousness occurred, followed by a short
episode of seizures.

After flipping the patient back to a horizontal position, a fast rise in heart rate and
blood pressure were observed. The patient promptly regained consciousness, was
awake and oriented to all qualities. No tongue bite. No urination (Figs. 4.7-4.8).

RCA LCA LCX

Fig. 4.5 Cardiac CT scan shows normal origin and course of coronary artery, and no evidence of
coronary artery disease
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Fig. 4.6 Cardiac magnetic
resonance shows normal
cardiac dimensions and
volumes and no evidence of
fatty infiltration or other
interstitial abnormalities
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Fig. 4.7 Tilting test. At rest bradycardia with a heart rate of 50/min and blood pressure
105/60 mmHg was recorded. After flipping to 70° upright position, steady rise in heart rate to
85/min in 5 min, the blood pressure did not change until this point while a further rise in heart rate
to 115/min was seen

Neurologist Consultation

Neurologist examination was normal and no abnormal findings were found.
On the EEG recording, no extraordinary waves even under photo stimulation and
forced hyperventilation were observed. Regular 9.5-Hz alpha activity. Even under
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Fig. 4.8 Tilting test (continued). After 12 min (without drug provocation), nausea appeared, then
a drop in heart rate (down to 50/min) associated with intermittent AV-Block third degree. At same
time a drop in systolic blood pressure below 50 mmHg occurred. After some seconds, loss of
consciousness followed by a short episode with seizures occurred

Fig. 4.9 Cerebral MRI shows no evidence for nervous system lesions

sleep-depletion no signs for convulsion or seizure-disease. In conclusion, no patho-
logic findings were found.

Cerebral Doppler

No stenosis in the carotid and vertebral arteries on both sides were present.
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Cerebral MRI

No pathologic findings were present (Fig. 4.9).

Ophthalmologist Examination

Regular view, sight and visus. No pathologic findings.

Laboratory Results

Normal values for electrolytes, liver, renal, CRP, cholesterol, BNP, urinanaly-
sis, WBC, Hb, platelets, coagulation, iron, thyroid and HbA1, HbAlc. Low Fer-
ritin <25 ug/L (normal values 26-120). Negative serologic virus-findings for
Coxsackie-, Adeno-, Echovirus. Negative Borreliosis.

Coronary angiography was not done due to excellent quality of the cardiac CT
scans. The EP-study was advised but refused by the patient.

Final Diagnosis and Recommendations

In conclusion, the diagnosis was neurocardiogenic syncope without detectable struc-
tural cardiac disease. No restriction on sport participation was believed necessary.
The patient did not require any medication and only a close follow-up at the local
sports medicine clinic was recommended. To date there has been no further syncope
episode.

Discussion

Management of athletes with syncope requires careful assessment of the circum-
stances and sequence of events, in particular the relation with exercise (i.e., during
or just after exercise). Therefore, particular care should be spent in collecting the
patient’s history.

Exercise-induced syncope is relatively infrequent [1-3] and is often associated
with an underlying cardiac disease. However, exercise-related syncope may also
occur in the absence of underlying cardiac disease, such as was the case here
reported, which eventually showed no structural heart abnormality.

This case raised particular concern in view of the implication of our decision on
the athlete’s career and the need to exclude, with reasonable certainty, the presence
of structural cardiac disease as cause of the syncope. Therefore, several diagnostic
tests were performed (excessive compared to usual clinical practice) which were
consistent in excluding a pathologic heart condition.



4 A 32-Year-Old Female Soccer Player with Unexplained Syncope 33

The prognosis of neurocardiogenic syncope is reported to be good as long as
there is no underlying heart disease [1-3]. Instead, individuals with syncope due
to cardiac disease are at increased risk of death from any cause and cardiovascular
events in particular.

Previous reports have shown that exercise-induced syncope is not associated with
a negative outcome in athletes without cardiovascular diseases or abnormalities [4].
Colivicchi et al. showed that athletes with exercise induced syncope showed a posi-
tive response to head-up tilt testing in two thirds of the cases (66.6%). One third had
at least one recurrence of exercise-related syncope during follow-up. They came to
the conclusion that exercise-related syncope in athletes without cardiac disease is
clinically benign, as there was no adverse events in the follow-up [4, 5].

Calkins et al. described the initial symptoms on exercise mediated neurocar-
diogenic syncope, including nausea, warmth and light-headedness in over 50% of
cases. A severe fatigue is also a major initial symptom [6]. If there is a history of
syncope in first degree relatives, the likelihood of neuro-cardiogenic origin of the
syncope is higher [7]. How to manage the evaluation of syncope is recommended
by the European Society of Cardiology task force on syncope [8].
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Chapter 5
A 23-Year-Old Top-Level Soccer Player
Suffering Syncope on Effort

Nicole M. Panhuyzen-Goedkoop and Joep L.R.M. Smeets

Medical History
A 23-year-old male top-level soccer player was referred to our clinic because of
recent onset of lightheadedness during training, without loss of postural tone, which

lasted for a few seconds. His family history was negative for sudden cardiac death
and other known cardiovascular diseases.

Physical Examination

On physical examination blood pressure was normal, 135/75 mmHg, and there were
no cardiac murmurs or abnormal heart sounds on auscultation.

12-Lead ECG

The 12-lead resting ECG was within normal limits (Fig. 5.1).

Echocardiography

On transthoracic echocardiography the right and left ventricular morphology was
normal, and no evidence of either left or right ventricular dysfunction was observed.

Exercise Electrocardiography

On exercise testing (75 W for 4 min, increment 25 W every 2min), the athlete
reached 350 W with a maximal heart rate of 190 bpm, with a normal rise in blood
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Fig. 5.1 Thel2-lead resting ECG shows normal sinus rhythm and normal ECG pattern

pressure. At 330 W, heart rate 175 bpm, a polymorphic couplet of PVBs was seen
(Fig. 5.2). During the recovery frequent PVBs mostly with RBBB morphology and
superior axis, but also with LBBB morphology and vertical axis, were recorded
(Fig. 5.3).
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Fig. 5.2 The electrocardiogram recorded during exercise testing, at peak exercise (330 W), show-
ing a couple of polymorphic premature ventricular beats
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Fig. 5.3 The electrocardiogram recorded during exercise testing, recovery phase, showing isolated
premature ventricular beats

Holter Monitoring

Similar PVBs were seen on ambulatory ECG recording during admission. There
was no exact information concerning the number of PVBs during 24 h.

Other Diagnostic Testing

In order to exclude with greatest likelihood the presence of structural heart dis-
ease, cardiac magnetic resonance (CMR) was performed. CMR demonstrated a nor-
mal right and left ventricular morphology and function, and there was no suspicion
raised for structural cardiac diseases, such as ARVC, HCM or myocarditis. A signal-
averaged ECG was not performed. However, in consideration of the recent onset of
the symptoms and with the aim to assess with greater certainty the clinical signif-
icance of the presyncopal episode, an electrophysiologic (EP) study was proposed,
but rejected by the patient. Given the absence of evident underlying structural car-
diac disease, especially ARVC, the patient was allowed to resume training, with the
advice to maintain a low intensity schedule.

Clinical Course

Three months later, without premonitory symptoms, he suffered a syncope during a
soccer match with brief (8—10s) loss of consciousness, and spontaneous and com-
plete recovery. At that time, the decision was taken to further investigate the patient
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in order to assess the arrhythmic risk. The patient gave the informed consent to
undergo an EP study.

Other Diagnostic Testing

EP study. Ventricular tachycardia (VT), reproducing the symptoms (dizziness) could
easily be induced by stimulation of the right ventricular free wall with three extra
stimuli (Fig. 5.4). An attempt to resolve the VT by ablation was performed, but after
ablation of the original VT, six other different morphologies of VT originating from
RV free wall and apex could easily be induced.
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Fig. 5.4 The electrocardiogram recorded during the EP study, which shows inducible sustained
VT on stimulation of the right ventricular outflow tract

Coronary angiography did not reveal significant atherosclerotic lesions and,
mostly relevant, excluded the presence of an anomalous origin or course of the coro-
nary arteries.

Treatment

In consideration of the documented right ventricular proclivity for induced VTs,
reproducing symptoms, the decision was made to implant an ICD.
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Subsequent Clinical Course

Within 3 month of implantation, the athlete again experienced pre-syncope with a
documented clinical VT followed by appropriate ICD shock, and prompt resumption
of sinus rhythm.

In conclusion, clinical diagnosis in this 23-year-old top-level soccer player with
exercise induced pre-syncope (and later syncope), was malignant VT originating
from the right ventricular free wall and not associated with detectable structural
cardiac disease, especially ARVC, or myocarditis.

Discussion

This young top-level soccer player suffered from exercise-induced syncope. Pre-
syncope and syncope on exertion should always be regarded as an alarming sign
and must be considered aborted sudden cardiac death until proven otherwise. The
incidence of exercise-induced syncope is unknown, but it is predictive of sudden
cardiac death within the first year in 16-17% [1, 2].

The history including an exact description of syncope (just before, at onset, dur-
ing, at end, or after exertion), family history of sudden cardiac death, and measure-
ment of orthostatic blood pressure may give a clue for the diagnosis.

Before diagnosing true cardiogenic syncope, one must exclude cardiac arrhyth-
mias and structural heart disease [3]. In this perspective several investigations may
be necessary, including not only echocardiography and exercise testing, but also
cardiac magnetic resonance imaging, EP study and coronary angiography [4].

In this young athlete no underlying cardiac cause or familial cause was found
during work-up. This illustrates the difficulty in ascertaining the “absence of under-
lying structural heart disease” which would confer a good prognosis. Exercise test-
ing and Holter monitoring gave a clue for the diagnosis, showing frequent PVBs and
exercise-induced couplets, pointing to an arrhythmic problem. During EP study sev-
eral morphologies could easily be induced in this athlete by stimulation in the right
ventricular free wall and outflow tract. PVBs originating from several locations in
the right ventricle are common in right ventricular cardiomyopathy. However, there
were no imaging criteria for ARVC in this athlete. There was no right ventricular
global or regional dilatation on echocardiography or CMR, and there were no typical
ECG abnormalities on the 12-lead ECG. Nevertheless, he had inducible sustained
VT with a LBBB morphology as the only criterion for the diagnosis of ARVC.
Coronary anomaly, channelopathies, HCM and myocarditis were also excluded as
an underlying cause. The case shows the importance of thorough cardiovascular
evaluation in athletes presenting with exercise-induced symptoms, even if evidence
of cardiac morphologic abnormality is lacking and suggests great caution in man-
aging these cases. The same caution should be applied to those cases with syncope
and frequent PVCs, because in these instances underlying structural diseases are
likely to be found [5]. During ongoing evaluation, athletes should be restricted from
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continuing competitive sports participation. Even after a negative work-up, a close
follow-up and explicit recommendations to the athlete to alert if any premonitory
symptoms emerge are mandatory [6].
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Chapter 6
A 21-Year-Old Female Beach Volleyball Player
with Palpitations and Pre-syncope on Effort

Nicole M. Panhuyzen-Goedkoop and Joep L.R.M. Smeets

Medical History

A 21-year-old female, top-level beach volleyball player was seen in our clinic
because of exercise induced palpitations.

For a few months she had suffered from sudden onset regular rapid palpitations
during competition, lasting for a few minutes, followed by lightheadedness and pre-
syncope. Before passing out, she managed to ask for a medical time-out. After lying
down in a horizontal position for a few minutes the palpitations suddenly ceased and
she could resume her match. She reported that during training she felt occasionally
the same palpitations, and then stopped her activity for a while, but never had pre-
syncope.

A week before presentation to our outpatient clinic she witnessed the sudden
cardiac death of a young professional soccer player and she was afraid that she had
warning symptoms of dying suddenly. Her family history was negative for sudden
cardiac death and arrhythmias.

Physical Examination

The physical examination was normal. The blood pressure in horizontal and stand-
ing position was normal (110/65 mmHg).

12-Lead ECG

The 12-lead resting ECG demonstrated a saddle back type like ST-segment eleva-

tion in right precordial leads V|-V, , potentially compatible with type II Brugada
syndrome (Fig. 6.1).
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Fig. 6.1 The 12-lead ECG showing ST segment elevation (saddle back type ST elevation) in right
precordial leads Vi, V, compatible with a Brugada pattern

Diagnostic Testing

She was hospitalized with continuous rhythm monitoring. The next day the 12-lead
ECG was normal, and in the right precordial leads there was no more evidence of
saddle back type ST-segment elevation (Fig. 6.2).

On echocardiography, right and left ventricular morphology and function were
normal, and there was no suspicion for structural heart disease, such as arrhythmo-
genic right ventricular cardiomyopathy.

During exercise testing (75 W for 4 min, increment 25W every 2min), she
reached 275 W with a maximal heart rate of 187 bpm (Fig. 6.3). During exercise,
a short run of supraventricular tachycardia was seen, compatible with AV nodal
reentrant tachycardia (AVNRT), and she recognized the same lightheadedness and
pre-syncope as she experienced before.

Carotid sinus massage, Valsalva maneuver and 24-h ECG Holter monitoring did
not reveal any supraventricular or ventricular arrhythmia.

The electrophysiologic (EP) study (with three extra stimuli in the right ventricu-
lar outflow tract, apex and free wall) was unable to induce ventricular tachycardia.
However, during EP study the AVNRT was easily induced with recognizable symp-
toms of pre-syncope (Fig. 6.4).

Therefore, radiofrequency catheter ablation of the AV nodal slow pathway (part
of the reentrant circuit) was performed with success.

Eventually, test with flecainide IV(140 mg) was performed to exclude concomi-
tant presence of Brugada syndrome. The test did not alter the ST-segment pattern in
a fashion consistent with Brugada syndrome.

Moreover, SCN5A gene analysis was eventually performed and was negative for
mutations compatible with Brugada syndrome.
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Fig. 6.2 The 12-lead ECG recorded during hospitalization from the same patient as in Fig. 6.1,
showing normal ST segment pattern in right precordial leads V-V,

Clinical Course and Recommendations

Three months after the ablation procedure a new cardiac evaluation was performed.

Resting ECG, exercise-ECG and 24-h ECG Holter monitoring could not detect
any arrhythmia or any ECG pattern suggestive for Brugada syndrome. Therefore,
she was allowed to resume competitive sports.

Subsequent Follow-Up

At 1-year follow-up the cardiac evaluation (including exercise testing and 24-h ECG
Holter monitoring) was still negative for inducibility of AVNRT or “Brugada-like”
ECG pattern. Meanwhile she was back in international beach volleyball competition
without symptoms or any limitations.

In conclusion, this 21-year-old top level female beach volleyball player showed
exercise induced AV nodal reentrant tachycardia (AVNRT), correctly identified by
ECG and successfully treated with ablation of the slow pathway. The occasional
observation of “Brugada-like” ECG pattern in right precordial leads could have been
misleading, but reproduction of the symptoms during the induced AVNRT was help-
ful for definitive diagnosis.
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Fig. 6.3a,b The 12-lead
ECG recorded during
hospitalization from the same
patient as in Fig. 6.1. a The
12-lead ECG at rest showing
normal sinus rhythm. b The
12-lead ECG during exertion
shows supraventricular
tachycardia, compatible with
AV nodal reentrant
tachycardia (AVNRT)
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Discussion

A detailed patient history is of utmost importance in the diagnostic work-up. This
athlete suffered from palpitations during a match and during training. The palpita-
tions were induced by the exercise, thus sympathetic driven. When she continued
her physical activity she had lightheadedness and pre-syncope. While in a hori-
zontal position, palpitations ceased abruptly and haemodynamic balance improved.
This history was suggestive of paroxysmal tachycardia, which could have been of
supraventricular or ventricular origin.

On the 12-lead ECG, a narrow QRS tachycardia, without recognizable P-waves,
established the diagnosis of AVNRT. The diagnosis was further confirmed with EP
study, which was able to reproduce the symptoms.

AVNRT is the most common reciprocating paroxysmal supraventricular tachy-
cardia, and is often exercise-induced. The recommended therapy in competitive ath-
letes is radiofrequency catheter ablation of the slow pathway. The success rate is
over 95%. Catheter ablation outweighs life-long oral medical therapy, which may
be prohibited in some sports and/or ineffective [1-3].

This athlete also showed a “Brugada-like” ECG pattern, with incomplete right
bundle branch block and a saddle back type ST-elevation in precordial leads V| and
V, (Fig. 6.1). The Brugada syndrome is a sodium channel disorder associated with
gene mutation (SCN5A), responsible for syncope and sudden cardiac death due to
ventricular tachycardia and fibrillation, usually occurring at night or during vagal
stimulation [4]. The ECG pattern typically presents with a ST-segment changes
(coved type) in the right precordial leads, while the saddle back type ST-elevation
as found in our athlete is not diagnostic for this syndrome. The ECG “Brugada-like”
pattern in this case could have been misleading, but other than these non diagnostic
ECG changes, there was no evidence of Brugada syndrome in the family, the fle-
cainide test was negative, and research for gene mutation was negative. Our case
illustrates how an electrophysiological study may be warranted in many athletes to
evaluate the definite arrhythmia mechanism (see also chapter 16).

Summary of the Recommendations for Sports Participation
in Athletes with AVNRT [3, 5]

During cardiac evaluation
Restriction of physical activity

1. Ablation
Cardiac evaluation history, 12-lead -ECG, echocardiography and EP study
Criteria for eligibility if there is no recurrence of AVNRT >1-3 month, and if

there is no underlying cardiac disease
Recommendations all competitive sports
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2. No ablation

Cardiac evaluation

Criteria for eligibility

N.M. Panhuyzen-Goedkoop and J.L.R.M. Smeets

no recurrences >1-3 month, and no underlying cardiac
disease
if AVNRT is sporadic and not exercise-related, and

haemodynamics are normal, and no underlying cardiac
disease

Recommendations no sports with increased risk if syncope may occur (such
as mountain climbing, motor racing)
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Chapter 7
A 49-Year-Old Male Marathon Runner
with Exercise Induced Prolonged Palpitations

Nicole M. Panhuyzen-Goedkoop and Joep L.R.M. Smeets

Family and Personal History

This is a 49-year-old male marathon runner with family history positive for coronary
artery disease in both parents, and atrial fibrillation in the father.

Medical History

In the last 12 months the patient experienced unpredictable, intermittent, irregular
palpitations during exertion, which lasted for less than 48 h. There were days with-
out any complaints. However, if he had palpitations, it started during running after
just few kilometres. The palpitations were accompanied by fatigue and he was not
able to continue running or performing maximal exertion.

12-Lead ECG

After 6 months of complaints he consulted a cardiologist elsewhere and a 12-lead
ECG was recorded, which revealed sinus rhythm with normal AV conduction, nor-
mal QRS complexes and normal repolarization pattern (Fig. 7.1). After 6 months
he had the opportunity to reach the outpatient clinic while feeling the complaints
above described. On the 12-lead ECG, atrial fibrillation, with average heart rate of
70-80 bpm, was seen (Fig. 7.2). At that time an echocardiography, exercise electro-
cardiography and blood test were also obtained.
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Fig. 7.1 The 12-lead ECG recorded in the absence of symptoms, showed normal sinus rhythm
and normal ECG pattern
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Fig. 7.2 The 12-lead ECG recorded during palpitation showed atrial fibrillation and normal repo-
larization pattern

Echocardiography

On echocardiography, left ventricular (LV) dimensions were normal (end-diastolic
diameter 55 mm, end-systolic 37 mm), but enlarged left atrium was seen (end-
systolic transverse diameter 45 mm). LV systolic function was normal (ejection frac-
tion 57%) in the absence of wall motion abnormalities.
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Exercise Electrocardiography

The exercise ECG, with standard Bruce protocol, was within normal limits:
peak exercise 280 W, maximum heart rate 160 bpm, maximum blood pressure
250/75 mmHg. During the test, sinus rhythm was present, without arrhythmias or
conduction abnormalities, and no evidence of ST-T wave changes suggestive for
ischemic coronary disease.

ECG Holter Monitoring

The 24-h ECG Holter monitoring revealed sinus rhythm with four short runs
(<2 min) of asymptomatic paroxysmal atrial fibrillation at night (Fig. 7.3).

Diagnosis and Treatment

The diagnosis was paroxysmal lone atrial fibrillation. Metoprolol 50 mg a day and
oral anticoagulation were prescribed. In addition, treatment with simvastatin 40 mg
daily was initiated due to hypercholesterolemia (and xanthelasma).

O i
:._f.i.ll,/ﬂ-uil,—{/\\__.,ll/./j. &'_T' -

(M 1 S O
A A

TR T O
VANV

s I U Ve IO O 00 0 O 0 O 0 otugsd ;i P i B S 8 I B VY1V

i s S50 B0 W L O K 51 G 015113 0 O 20 P51

Fig. 7.3 The 24-h ECG monitoring. During the night, short runs of paroxysmal atrial fibrillation
were recorded



50 N.M. Panhuyzen-Goedkoop and J.L.R.M. Smeets

While on metoprolol he continued his training. However, complaints were pro-
gressive, and he could not run for a few kilometres continuously anymore. For this
reason, he was referred to our hospital for a second opinion.

2nd Cardiovascular Evaluation
Physical Examination

At presentation the physical examination was normal. Blood pressure was
125/85 mmHg and pulse was regular, with a rate of 100 bpm.

12-Lead ECG

The 12-lead ECG demonstrated atrial flutter (Fig. 7.4).

Other Testing

Echocardiography and myocardial scintigraphy with exercise testing demonstrated
diffuse hypo-kinesis with a slightly reduced LV systolic function (ejection fraction
45%). There were no (ir)reversible perfusion defects of the left ventricle.
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Fig. 7.4 The 12-lead ECG recorded at entry in hospital, showing atrial flutter, with 2:1 conduction
and ventricular rate of 142 bpm
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Treatment

It was concluded that this 49-year-old athlete suffered from paroxysmal lone atrial
fibrillation and a mildly depressed LV function while on B-blocker therapy given
for “rate control”. The B-blocker was withdrawn and he was treated with lisinopril
20 mg daily and sotalol 80 mg b.i.d.

Clinical Course

After 3 months of treatment, the exercise testing was repeated on the treadmill, pro-
tocol 6 min 6 km/h, increment 2 km/h every 1 min, until exhaustion. He ran a max-
imum speed of 17 km/h, with a maximal heart rate (on sinus rhythm) of 165 bpm.
His VO2 max was 3.5 L/min (46.6 mL/kg-min), with an equilibrium (R = Q) at
14 km/h, corresponding to a heart rate of 151 bpm. He was allowed to resume train-
ing for long distance running and was given the advice to limit his heart rate up to
140 bpm.

For a short period he was able to perform his training three times a week by
running an average distance of 10 km, maintaining the heart rate below the advised
threshold. Three months later he returned to the out-patient clinic with recurrent
complaint, which had started only 1 week before. The patient revealed that he was
not able to continue his training adequately and again experienced palpitations on
exertion and at rest. At direct inquiry, he revealed that a few weeks before he had
ceased taking sotalol. The 12-lead ECG at that time showed atrial flutter.

In consideration that AF deteriorated in persistent AF over time, and there were
signs of depressed LV function, a cavo-tricuspid ablation was recommended to pre-
vent fast one-to-one conduction and to control the most symptomatic episodes of
atrial arrhythmia. Therefore, the cavo-tricuspid isthmus ablation, after informed
consent of the patient, was successfully performed.

After ablation, the 12-lead ECG revealed sinus rhythm with intra-atrial conduc-
tion disturbances and a 1st degree AV-block of 220 ms (Fig. 7.5). The patient was
discharged from the hospital with treatment including flecainide 100 mg, sotalol
80 mg b.i.d., lisinopril 20 mg, and oral anticoagulation.

Two month after ablation he complained of recurrent symptoms either at rest and
on exertion, which lasted less than 1 min. The electrocardiogram recorded during
complaints, however, demonstrated sinus bradycardia without evidence of atrial fib-
rillation or flutter. The 24-h Holter monitoring also showed sinus rhythm (heart rate
ranging from minimum of 40 to maximum of 133, mean 63 bpm), without premature
supraventricular beats, and with only two premature ventricular beats.

A new complete cardiac evaluation was planned 1 month later (while still in treat-
ment with sotalol 80 mg b.i.d., flecainide 100 mg, lisinopril 20 mg and anticoagula-
tion). On exercise testing he was in sinus rthythm and was able to reach peak exercise
of 250 W with maximum heart rate of 154 bpm, with blood pressure 180/80 mmHg.
There was no increase in QRS duration during exercise (no “rate dependency”
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Fig. 7.5 Thel2-lead ECG recorded after cavo-tricuspid isthmus ablation showed normal sinus
rhythm and 1st degree AV block. Normal repolarization pattern

flecainide). Echocardiography and 24-h ECG Holter monitoring were normal. The
decision was taken to withdraw Sotalol and lisinopril. He was advised to resume
his long distance running without limitations, under supervision of a sports physi-
cian. In the following months the patient did not report further complaints, but his
distance training was reduced to no more than 10 km.

In conclusion, this 49-year-old male marathon runner complained of symp-
tomatic paroxysmal atrial fibrillation (PAF). While continuing his training, PAF
progressed to persistent atrial fibrillation and atrial flutter (AFl), with a mildly
depressed LV function. Treatment with Metoprolol for rate control was not suc-
cessful, and Sotalol was successful only for a short period. Therefore, the cavo-
tricuspid isthmus ablation was indicated and resulted in the resumption of normal
sinus rhythm. However, reduced functional performance was associated with beta-
blocker treatment and persisted after restoration of the sinus rhythm.

Discussion

Exercise induced atrial fibrillation (AF) is reported with apparently larger propor-
tions in adult and senior endurance athletes than in non-athletic populations. The
prevalence of AF in the normal population is 0.4-1.0%, and increases with age
[1,2].

Increased sympathetic tone at exertion and increased vagal activity at rest may
act as triggers for AF. In individuals prone to develop AF, volume overload is sup-
posed to cause atrial stretching, inducing abnormal atrial refractoriness and facili-
tating multiple re-entry wavelets which could explain the relation between AF and
exercise [1].
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When an athlete presents with AF, underlying cardiac causes (such as WPW,
cardiomyopathy, myocarditis, coronary artery disease or mitral valve regurgitation)
and non-cardiac causes (mainly systemic hypertension) should be investigated and
appropriately treated. If no underlying causes are identified, the sport participation
under drug treatment may be considered [1, 3].

Rhythm or rate control in young patients with mild or no underlying cardiac
abnormality is at present controversial [4, 5]. On a practical basis, rhythm or rate
control of paroxysmal AF in athletes is advised according to symptoms and recur-
rence of AF.

If paroxysmal AF occurs only a few times per year, the athlete could opt for a
pill-in-the-pocket approach. Some athletes can prevent sympathetically driven AF
episodes by reducing the intensity of exercise below the threshold of inducing AF
(heart rate control watch). In symptomatic paroxysmal AF with a reduced exercise
tolerance and haemodynamic impairment (syncope, dizziness, fatigue on exertion)
negative chronotropic agents are mandatory to prevent symptoms.

When there are frequent recurrences, rhythm control is indicated, as was in this
case. However, almost all anti-arrhythmic drugs have a negative effect on exer-
cise performance. 3-Blocker therapy leads to a significant decrease in heart rate
and blood pressure and is one of the prohibited substances for some sports on the
WADA doping list [6]. On the other hand, it may be essential (at a low dose) to
control fast A-V conduction of AF during exercise, which can often not be attained
with calcium-channel antagonists or digitalis. When flecainide is necessary this drug
should be tested during exercise-ECG for “rate dependent” prolonging of QRS dura-
tion, which could be a pro-arrhythmia risk factor and exercise- related sudden car-
diac death [7].

Concerning anti-thrombotic management in atrial fibrillation, the current recom-
mendations should be followed [2].

Suggested Recommendations for Sports Participation in Adult
and Senior Athletes with Atrial Fibrillation (AF)

During cardiac evaluation
Physical activity should be restricted

1. First onset of PAF or very sporadic paroxysms
If in stable sinus rhythm for > 2 month after paroxysmal AF:

Treatment “pill in the pocket” approach
Recommendations  all competitive sports allowed
Follow-up at least yearly

2. Persistent/permanent AF without major cardiac cause

Cardiac evaluation: history, 12-lead resting- and exercise- ECG, echocar-
diography, Holter monitoring (additional testing
according to the case)
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Criteria for eligibility:  in absence of cardiac disease and WPW, when proven
rate control with absence of haemodynamic impair-
ment (individualized therapy)

Recommendation competitive sports allowed on individual basis

Follow-up at least every 6 month

. Atrial flutter

Cardiac evaluation: history, 12-lead resting- ECG, echocardiography and
electrophysiologic assessment.

Treatment: ablation is mandatory

Criteria for eligibility:  if asymptomatic for 1 year, competitive sports allowed
on individual basis. Resumption of leisure time activity
may be anticipated.

Follow-up at least every 12 month

. Paroxysmal AF with secondary cause

Criteria for eligibility:  if secondary to reversible cause, after removal of the
cause and there is stable sinus rhythm for > 3 month

Recommendation eligible for all competitive sports

Follow-up at least yearly

. Oral anticoagulation

Recommendation not in athletes engaged in sport with bodily contact or high
risk for trauma
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Chapter 8
A Female Cyclist with Prolonged Palpitations
on Effort

Pietro Delise, Giuseppe Allocca, Nadir Sitta, Leonardo Coro’,
and Massimo Bolognesi

Medical History

This is a 45-year-old, female cyclist with a long term athletic career and very
intensive training schedule (average distance: 6,000 km/year). Negative familial his-
tory for cardiac disease or events (including premature sudden death) in close rel-
atives. Personal history was unremarkable; in particular, no symptoms or clinical
evidence of cardiac disease. For the first time she experienced a prolonged episode
of palpitations (lasting for about 1h) during competition. For this reason, she was
referred for cardiac evaluation.

Physical Examination

Physical examination was normal. Blood Pressure was 120/70 mmHg.

Electrocardiogram
The 12-lead ECG showed normal sinus rhythm, without arrhythmia. Mild repolar-

ization abnormalities were noted, including negative T wave in anterior precordial
lead V1, and biphasic T wave in V2 (Fig. 8.1).

Echocardiography

The study was performed elsewhere and reported as normal.
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Fig. 8.1 The 12-lead resting ECG showing normal sinus rhythm and normal morphology

ECG Holter Monitoring

A 12-lead Holter monitoring was recorded, and included the usual training session.
During effort, the athlete experienced the same palpitations as previously reported.
A wide QRS tachycardia with a LBBB pattern and right axis deviation was recorded.
The RR interval was 250ms (corresponding to ventricular rate of 240bpm)
(Fig. 8.2).

Electrophysiological Study

Electrophysiologic (EP) study was then performed. The study (three extra stimuli at
two basic cycle lengths of 600 and 400 ms, either at baseline and after administration
of 1, 2 and 3 pg/min of Isoprenaline) failed to induce ventricular arrhythmias. The
tentative diagnosis was right ventricular outflow tract tachycardia (RVOT).

The eligibility to competitive sport activity was debated between consultant car-
diologist and sport medicine specialist. The cardiologist was in favour of continued
sport participation, arguing that no heart disease was demonstrable on echocardio-
graphy, no ventricular arrhythmia was inducible with EP study, the diagnosis of
RVOT conveys a benign prognosis and only sporadic episodes of palpitations had
been referred by the athlete. On the other hand, the specialist in sport medicine was
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Fig. 8.2 ECG Holter monitoring during the training session, showing a fast (240 bpm) tachycardia
with wide QRS complexes. During this episode, the athlete had the same feeling of palpitations, as
previously experienced during effort

against competitive sport participation, in consideration that the athlete had recently
become symptomatic, that VT induced by effort was recorded and the VT had a
short RR interval, concluding that these findings were more consistent with pres-
ence of ventricular tachyarrhythmia due to underlying cardiac disease.

Physicians agree to achieve more information regarding the presence of underly-
ing cardiac disease. To the scope, a new echocardiogram with particular attention to
right ventricle was requested.

Second Clinical Evaluation

The repeated echocardiogram raised suspicion for mild right ventricular (RV) abnor-
malities: isolated bulging of RV outflow tract was reported by the observer and the
athlete was eventually referred to catheterization.

Coronary angiography showed normal coronary arteries. On right ventriculog-
raphy, bulging of RV outflow tract and impaired motion of peri-tricuspidal RV
wall was observed (Fig. 8.3a,b). Multiple biopsies were taken from different RV
segments.

The electro-anatomic voltage map performed with the CARTO showed areas of
reduced voltage in correspondence of the RV outflow tract and in the peri-tricuspid
wall (Fig. 8.4). The histology showed a pattern of fibro-fatty infiltration which had
replaced 60% of RV free wall. Genetic analysis documented a mutation of the gene
encoding desmoplakin protein.
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a Diastole Systole

b Diastole Systole

Fig. 8.3a,b a Ventricular angiography (right anterior view) showed abnormal systolic motion of
the right ventricular wall at level of outflow tract (yellow arrow). b Ventricular angiography (left
anterior view) showed abnormal systolic motion of the right ventricular wall at level of inflow
(peri-tricuspid area) (yellow arrow)

Diagnosis and Recommendation

Final diagnosis was arrthythmogenic right ventricular cardiomyopathy (ARVC). The
disease was mostly confined to RV outflow tract and peri-tricuspid wall. The athlete
was completely informed of the clinical characteristics and outcome of the disease
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Fig. 8.4 The electro-anatomic map of the right ventricle with CARTO showed areas of reduced
voltage (shown in red) in correspondence of the right ventricular outflow tract and peri-tricuspid
free wall

and advised to receive an ICD for primary prevention, which she refused. The athlete
was then disqualified from competitive sport activity. After 18 months of follow up
she is alive and asymptomatic.

Discussion

The diagnosis of ARVC [1-5] was particularly difficult in the present case due to
several reasons:

1. There was no familial history of the disease and/or of sudden cardiac death
among relatives

2. The 12-lead ECG pattern showed only minor repolarization changes, which
could have been misinterpreted

3. There was no evidence of arrhythmia, including premature ventricular beats, pre-
ceding the occurrence of VT

4. The athlete had never had symptoms (i.e., syncope) until the first episode of
prolonged palpitations which occurred at the age of 45 years
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5. The VT was not due to a re-entry, but presumably due to increased automaticity
in the outflow tract of the right ventricle, mimicking a benign RVOT

In this case, suspicion of presence of structural cardiac disease was raised mostly
by the close relationship of tachyarrhythmia with the effort, as well as by the fast
ventricular rate. The electro-anatomic voltage map with CARTO was particularly
useful to confirm the segmental RV voltage abnormalities, closely corresponding to
abnormal RV segments shown by echocardiography.

This case also raises the issue of the role of continued sport participation in the
development (or worsening) of ventricular arrhythmias, which cannot be established
with certainty. However, the possibility exists that the chronic hemodynamic over-
load on the RV associated with high intensive cycling might have promoted the
progression of the underlying structural disease and may have triggered the ventric-
ular arrhythmia. For this reason, in accordance with current ESC recommendations,
closely resembling in this case the Bethesda Conference #36 [6, 7], it is sound to
withdraw these individuals from continued competitive sport activity.
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Chapter 9
The Girl with Systolic Murmur on the Left
Sternal Border

Mats Borjesson and Mikael Dellborg

Family and Personal History

This 19-year-old female athlete was without history of any clinically relevant
disease, except the usual childhood diseases and common colds. The family history
was negative for premature cardiac death or congenital heart disease.

She had been training for several years and was competing at national elite junior
level in canoeing and was currently enrolled in one of the national sports colleges.
For this reason she underwent preparticipation cardiovascular screening according
to the recommendations of the European Society of Cardiology [1], which have
been implemented in Sweden since 2005 for elite athletes. She filled in a question-
naire and was asked complementary questions by the physician. The athlete was
completely asymptomatic.

Physical Examination

The physical examination revealed a normal blood pressure and upon auscultation
a previously unreported systolic murmur. The murmur was grade 2/6, audible along
the left sternal border with maximum intensity at the third left intercostal space. She
was in sinus rhythm and blood pressure was normal. The patient was not on any
regular medication.

12-Lead ECG

The 12-lead ECG performed by the examining physician was reported to be normal.
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Diagnostic Course

The murmur could be suspected to originate from the right ventricular outflow tract
and the pulmonary valve and to be potentially expression of pulmonary valve steno-
sis, or stenosis of the right ventricular outflow tract or consequence of the increased
flow over the pulmonary valve, consistent with intracardiac left-to-right shunts,
or extracardiac pathologic conditions such as hyperthyroidism, fever, infection, or
pregnancy.

The murmur could also be benign as it may often be heard in young, thin indi-
viduals, particularly if they have a low heart rate and a high stroke-volume, such as
athletic individuals. To solve the ambiguity of diagnosis, the patient was referred for
secondary evaluation to our hospital.

Cardiology Consultation

At cardiology evaluation the physical examination was reported unmodified (as
described above). Then the 12-lead ECG and echocardiography were performed.

12-Lead ECG

A standard 12-lead resting electrocardiogram was repeated and was found to be
normal (Fig. 9.1).
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Fig. 9.1 Resting 12-lead electrocardiogram shows normal sinus rhythm. No abnormalities were
found
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Echocardiography

Trans-thoracic echocardiography (TTE) showed normal left ventricular (LV) mor-
phology and function, normal ejection fraction and no sign of diastolic dysfunction.
The ascending aorta, aortic valve and mitral valve were normal, as was the pul-
monary and tricuspid valves. The right ventricle showed normal shape and cavity
size at the upper limit of normal. From the apical four-chamber view the diastolic
diameter of the right ventricle was 34 mm (upper limits in our laboratory: 33 mm).
On color-Doppler examination there was a small jet through the atrial septum, from
left to right, compatible with atrial septal defect or patent foramen ovale (PFO).
Both atria were normal in size.

To confirm the suspicion and characterize the shunt, trans-esophageal echocar-
diography (TEE) was advised. TEE was preferred to CT-scan, cardiac magnetic
resonance, or cardiac catheterization because it requires only light sedation with
local anaesthesia and is considered the “gold standard” for detection of atrial septal
defects, including PFO.

The TEE described a small PFO, with colour-Doppler signal showing a small,
continuous shunt from the left to the right atrium during quiet respiration (Fig. 9.2).
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Fig. 9.2 Trans-esophageal echocardiographic view (at 103°) showing the interatrial septum with
Color Flow image of small continuous shunt from the left atrium (LA) to the right atrium (RA)
during quiet respiration
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Using sonographic contrast (Haemacel), during the Valsalva manouver a right-
to-left shunt was evident. The atrial septum was somewhat loose, but did not fulfil
the criteria for an atrial septal aneurysm.

Diagnosis

The final diagnosis was a patent foramen ovale, associated with a small left-to-right
shunt during resting conditions and with the potential of right-to-left shunting in
case of increased right atrial pressure. The murmur may either be a variation of the
normal, i.e. a “physiologic” murmur, or related to the somewhat increased flow over
the pulmonary valve related to the slight left-to-right shunt.

What is the Risk for Our Patient of Continuing her Sport?

The presence of a PFO in an healthy individual without other pathologic conditions
does not indicate any increased risk of embolism and does not require catheter clo-
sure. In our athlete, in particular, the PFO carries a very small risk of paradoxical
embolization and preventive closure is not indicated, irrespective of participation in
high-level athletic activities. Our patient, however, had an unusual feature in that her
PFO was constantly open, permitting a small left-to-right shunt. The TTE indicated
that the right ventricle was on the upper limit of normal and further follow-up was
suggested, with repetition of TTE every 2-3 years. Indeed, high-level athletics may
occasionally convey a risk of orthopedic problems and the need for various surgical
diagnostic and/or therapeutic procedures. Such procedures may be associated with
an increased risk of venous thrombo-embolism and, in that instance, prophylactic
treatment to avoid embolism is advisable.

Recommendations

There was no reason to discourage participation in high-level training and compe-
tition in our patient [2]. The recommendation was, however, to avoid scuba-diving.
In the case of an arthroscopic examination/treatment being necessary, meticulous
prophylactic treatment for thrombo-embolism should be given. We also scheduled
to repeat TTE, at 2- to 3-year intervals to ensure the atrial shunt does not become
significant with volume overload of the right ventricle.

Discussion
The foramen ovale is a canal that shunts oxygenated blood from the right atrium to

the left atrium, bypassing the lungs, in the fetus. After birth the changing conditions
with pressure being higher in the left atrium than the right close the foramen and in
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about 75-80% of general population the canal obliterate, without the possibility of
subsequent opening. However, in 20-25% of healthy individuals a persistent patent
foramen ovale can be found.

The vast majority of people with a PFO does not report symptoms and does not
incur cardiac events during life and the discovery of the PFO is often accidental.
Nevertheless, the presence of PFO has been reported in a substantial proportion
of young people with stroke without other cardiac abnormalities (i.e. cryptogenic
stroke). The presumed mechanism for stroke is that a venous thrombus embolizing
to the right heart will accidentally, through the PFO, cross over to the systemic cir-
culation and occlude a cerebral artery. This mechanism has been suspected also for
severe migraine with aura reported in certain patients. Closure of PFO by catheter
techniques is a common, safe method, currently widely recommended for treating
young patients with recurrent stroke and/or cryptogenic stroke in the presence of
PFO or atrial septal aneurysm, and in patients with a distinct history of paradoxical
embolization.

In individuals regularly engaged in scuba diving there is an increased risk of
decompression illness. Recurrent decompression illness, primarily in occupational
divers, is also an accepted indication for closure.
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Chapter 10
Elite Tennis Player with a Complete
Atrio-Ventricular Block

Alessandro Biffi, Laura Fiaccarini, and Luisa Verdile

Medical History

This young elite tennis player, 14 years old, was referred for cardiologic
evaluation in our Institute (in the year 1977) because of a second-degree atrio-
ventricular (AV) block, type 1 observed on resting 12-lead ECG, performed at
preparticipation screening. No known cardiovascular disease or symptoms (such
as syncope, pre-syncope or dizziness and palpitations) were referred in the medical
history. Family history was negative for known cardiovascular disease or sudden
death.

Physical Examination

On physical examination he was a healthy male, height 180 cm, weight 78 kg. Blood
pressure was 120/80 mmHg. No heart murmurs were detected on auscultation.

12-lead electrocardiogram

Sinus rhythm with heart rate 60 bpm was present. Periods of second-degree AV
block, type 1 were observed. Sympathetic-stimulus maneuvers such as hyperven-
tilation, orthostatism and physical exercise caused disappearance of AV block and
normalization of the PR interval. In contrast, vagal-stimulus maneuvers, such as
Valsalva and eyes compression, showed the worsening of grade of AV block (which
transiently become of third degree); see Fig. 10.1.
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Fig. 10.1 Eyes compression induces the appearance of a third-degree AV block, with periods of
AV dissociation and idio-ventricular rhythm

M-mode Echocardiogram

No cardiovascular abnormalities were documented by M-mode echocardiography.
Cardiac dimensions were within normal limits and no left ventricular (LV) global
dysfunction or wall motion abnormalities were detected.

Electrophysiologic Study

The presence of such advanced AV block in a tennis player was uncommon and
unexpected in consideration of the age and level of athletic conditioning. Therefore,
to assess the clinical significance of this AV block, i.e., the electrophysiologic mech-
anisms implicated and the response to provocative stimuli, an electrophysiologic
(EP) study was performed. The Hissian electrocardiogram was normal: PA = 20 ms;
AH = 120 ms; HV = 40 ms. Incremental atrial pacing (900- to 350-ms cycles) doc-
umented a normal recovery time of sinus node; the Wenkebach point was 100 b/m;
a dual nodal pathway was identified. Infusion of atropine normalized again the AV
node function (Fig. 10.2).

Diagnosis and Recommendation

The diagnosis was transient complete AV block, vagally mediated, in a young
trained athlete, without familial or clinical evidence of cardiac disease. Therefore
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Fig. 10.2 Electrophysiologic study shows the induction of second-degree type 1 AV block during
atrial pacing caused by a pre-Hissian delay (prolonged AH interval) with a normal HV interval

the athlete was considered eligible for tennis, with the recommendations to undergo
periodical cardiovascular evaluation.

Clinical Course

During the period 1978-1982 the athlete was periodically evaluated in our Institute.
Resting ECG showed advanced grade of second degree AV block, type 1, with AV
conduction 6:5, 5:4. Again, sympathetic (exercise testing) and vagal maneuvers con-
firmed the previous response. Pharmacological tests with isoproterenol and atropine
induced normalization of AV conduction 1:1, with normal PR interval.

24-Hour ECG Monitoring

A subsequent 24-h ECG Holter monitoring (in 1983) showed a great variability of
AV conduction, with periods of first-degree AV block during the day, and nocturnal
periods of AV dissociation, associated with wide QRS complexes (Fig. 10.3).

Exercise Testing

In the same year, the athlete was able to perform a maximal exercise test attain-
ing at peak workload 300 W (4 W/kg), with maximal heart rate 172 bpm and blood
pressure of 220/85 mmHg, without symptoms or ECG abnormalities. The AV con-
duction remained within normal limits during the test.

In 1987, at the age of 24 years, he showed no significant changes of AV block
with respect to previous findings, and a transient third-degree AV block dur-
ing night-time with normalization during exercise. Echocardiogram confirmed the
absence of structural cardiovascular abnormalities. The athlete had remained com-
pletely asymptomatic during the whole period while continuing to be engaged in
competitive tennis at elite level.
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Fig. 10.3 24-h Holter ECG monitoring shows nocturnal periods of third-degree AV block, with
wide QRS complexes, and AV dissociation

Clinical Outcome
In 2007 we decided to recall this athlete for a new evaluation after 30 years follow-

up. The former athlete was 44 years old and had not taken part in any athletic activity
for 15 years.

Medical History

The former athlete referred no cardiovascular symptoms or incidence of cardiovas-
cular abnormalities (either at ECG or echocardiogram) in the last 15 years.

12-Lead ECG

Sinus rhythm 62bpm, PR interval 0.18 s, normal QRS morphology, absence of
arrhythmias and T wave abnormalities (Fig. 10.4).

24-Hour Holter ECG Monitoring

Absence of AV block (even during night-time). Absence of prolonged sinus pauses
or any arrhythmias (Fig. 10.5).
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Fig. 10.4 12-lead ECG of the same athlete, at the age of 44 years, after 30 years of follow-up.
The ECG is normal, without AV conduction disturbances. The athlete had stopped his competitive
sports activity for 15 years and had remained completely asymptomatic during the follow-up period

Doppler-Echocardiography

No structural cardiovascular abnormalities or LV systolic or diastolic dysfunction
were detectable.

Discussion

Brady-arrhythmias are common findings in athletic population. They are usually
considered a normal variant of athlete’s ECG. Sinus bradycardia (<60bpm) can
be found in up to 85% of trained athletes compared to 25% of sedentary subjects
[1,2].

Atrio-ventricular (AV) blocks are also not uncommon in trained athletes: they can
be found in up to 35% (first-degree) and 10% (second-degree, type 1) of trained ath-
letes. Mobitz 2 and third-degree AV blocks are occasionally reported in endurance
athletes, but are much rarer than second-degree, type 1 (with Wenckebach peri-
ods) at 24-h Holter ECG monitoring [3-5]. Brady-arrhythmias are believed to be
related to the intensity and length of training in athletes, and reverse when training
is reduced or discontinued.

Increased vagal tone is thought to be the basis for most of these arrhythmias. The
vagal impact is particularly intense and effective on sinus node and AV node, but
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Fig. 10.5 24-hour Holter ECG monitoring after 30 years of follow-up. ECG recording does not
show any period of AV block, even during night-time. Only nocturnal sinus bradycardia is docu-
mented (36 bpm)

reduction in intrinsic heart rate may be also combined with hypervagotonia. In some
cases, however, a genetic predisposition plays an important role in such neurogenic
changes [6].

However, AV blocks may also be an expression of structural heart disease, and
this option should be carefully considered before assuming AV block to be simply
expression of the “athlete’s heart syndrome” [7]. This was also our case: we believed
that the age of young athlete, the type of sport (tennis and not an endurance sport)
and intensity of athletic conditioning were not consistent with the type and degree of
AV block found. This consideration moved us to proceed with the diagnostic testing
(including EP study), which eventually confirmed the functional origin of the AV
block.

Clinical criteria that may be useful in distinguishing between a functional and
structural (pathologic) origin of the AV block are: 1. absence of symptoms, such as
dizziness or syncope, during a prolonged period of follow-up; 2. disappearance of
AV block with exercise, sympathetic drugs or maneuvers; 3. reduction or disappear-
ance of brady-arrhythmias with deconditioning.
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In some cases, however, an electrophysiological study may be needed in order
to exclude definitely pathologic causes of the AV block, particularly when legal
implication regarding eligibility to professional sport activity are under discussion.
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Chapter 11
A Young Canoeist with an Abnormal
Electrocardiogram

Fernando Maria Di Paolo, Filippo M. Quattrini, Cataldo Pisicchio,
Roberto Ciardo, and Antonio Pelliccia

Family and Personal History

This is a 24-year-old male, elite canoeist, selected on the basis of best athletic results
for inclusion in the Italian National Team. Personal history was negative for symp-
toms and known cardiovascular (CV) diseases. Family history was negative for CV
diseases, and no sudden premature deaths had occurred in close relatives.

Physical Examination

The athlete was in good shape and excellent athletic condition; weight was 80kg,
height 185 cm, with a BSA of 2.04 m?. On physical examination blood pressure was
110/60 mmHg, and no cardiac murmurs or abnormal heart sounds were present.

12-Lead ECG

The 12-lead ECG showed marked sinus bradycardia (35 bpm) with left axis devia-
tion and normal AV conduction (PQ interval: 0.17 s). Markedly abnormal repolar-
ization pattern was evident, with inverted T wave in standard leads II, III, aVF and
precordial leads from V1 to V6. The correct QT interval was within normal limits
(QTc: 0.43 5) (Fig. 11.1).
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Fig. 11.1 12-lead ECG shows sinus bradicardia (HR 35 bpm), left axis deviation, normal conduc-
tion time (PQ interval: 170 ms; QRS: 90 ms; QTec interval: 0.43 ms), diffuse repolarization abnor-
malities (T wave inverted in precordial leads V1 to V6 and standard leads II, III, and aVF)

Echocardiography

Echocardiographic study showed enlarged LV cavity (end-diastolic diameter =
60 mm), with normal cavity shape and normal systolic function (EF 57%). LV sep-
tum and poster free wall were within normal limits (10 mm), there was no segmental
LV hypertrophy and no wall motion abnormalities. Left atrium was at upper nor-
mal limits (transverse systolic diameter = 40 mm). The diastolic filling pattern, as
assessed by transmitral Doppler echocardiography, was normal.

The right ventricle (RV) was mildly enlarged and showed prominent trabecula-
tions, with a mildly enlarged, round-shaped apex. There was no evidence of RV wall
motion abnormalities (Fig. 11.2a—d), (Videos 11.1-4). The overall picture did not
raise suspicion for either hypertrophic or dilated cardiomyopathy, neither arrhyth-
mogenic right ventricular cardiomyopathy, and was judged consistent with the ath-
lete’s heart.

Exercise Electrocardiography

On exercise testing, starting from 50 W for 2 min, with increments of 50 W every
2 min, the athlete reached 300 W at peak exercise, with a maximal heart rate of
155bpm and blood pressure of 200/80 mmHg. There were no arrhythmia during
exertion, no cardiac symptoms, no changes of ST-segment. The abnormal repolar-
ization pattern present in the resting 12-lead ECG improved during exercise, with
normalization of the T-wave in precordial leads V2 to V6 (Fig. 11.3).
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Fig. 11.2a-d Two-dimensional echocardiographic evaluation. a Parasternal LV long axis view. b
Parasternal LV short axis view at papillary level. ¢ Two chamber LV apical view. d Sub-costal four
chamber RV view

ECG Holter Monitoring

The ECG Holter monitoring, including a session of athletic training, showed marked
sinus bradycardia at night (minimum HR = 23 bpm), and rare ventricular arrhyth-
mias, characterized by 405 premature ventricular beats (PVBs), one couplet and a
short run of ventricular tachycardia (three beats with interval R—-R’ 290 ms) recorded
during physical activity (Fig. 11.4a,b).

Additional Diagnostic Testing

High resolution ECG was performed which showed the presence of late potentials
(three criteria: QRS duration: 117 ms; LAS 40: 54 ms, RMS 40: 12 wV); also QT
interval dispersion was abnormally prolonged (66 ms) (Fig. 11.5).

In this elite athlete the presence of markedly abnormal ECG pattern, in associa-
tion with ventricular arrhythmia and the presence of other markers of arrhythmias,
such as late potentials, suggested to proceed in the diagnostic course in order to
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Fig. 11.3 ECG during exercise testing at peak (300 W): heart rate 155bpm; no alterations of
ST-segment and mild improvement of abnormal T wave pattern is evident

evaluate the arrhythmogenic risk and presence of cardiac pathologic condition. Dur-
ing the period the athlete underwent this diagnostic testing, he was withdrawn from
training and competitions.

The athlete performed a myocardial scintigraphy that showed normal global and
regional perfusion, either at rest and during exercise. The athlete was then referred
for electrophysiologic (EP) study. The EP study showed marked sinus bradycardia
(minimum heart rate, 29 bpm), the AH time of 100 ms and HV time of 40 ms; a L-
W point at 1050 ms with decremental conduction; no retroconduction. These results
were interpreted as suggestive for sinus dysfunction of vagal origin, with modest
depression of the intrinsic function, and normal nodal conduction time. The pro-
grammed ventricular stimulation (double extrastimuli on spontaneous cycle and on
driven cycle at 600, 500 and 400 ms, with stimulation on apex and septum) failed to
induce ventricular arrhythmias.

Clinical Course

The athlete, during the diagnostic course, despite our advice did not completely
stop his training. He felt well, without symptoms, and actually continued with his
schedule. One day he went for a canoeing session and never come back. He was
found dead at the lakeside.

The autopsy showed increased heart weight (550 g), with normal gross mor-
phology of the LV. The histology of the LV did not show significant lesions. The
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Fig. 11.4a,b ECG Holter monitoring. a Nocturnal marked sinus bradycardia (heart rate: 23 bpm).
b Nonsustained ventricular tachycardia (R-R’ 290 ms)

RV chamber was dilated, with hypertrophied subendocardial trabeculae, and a dif-
fusely thinned (1.5 mm in thickness) anterolateral wall, in the absence of aneurysm
formation. The RV histology showed areas of fibro-fatty replacement of atrophic
myocardium. Surviving myocytes were embedded within fibrous tissue and fat
(Fig. 11.6). This pattern was consistent with the diagnosis of arrhythmogenic right
ventricular cardiomyopathy (ARVC) [1, 2].

Discussion

The death of this elite athlete was a shocking event in consideration of the long-
term athletic career, the serial medical evaluations he had undergone during his life,
and the high level of achievement he reached during his athletic career. The most
compelling question raised by the case was: how was the diagnosis of ARVC missed
during life?

Personal and family history were negative and the first and more remarkable find-
ing was the abnormal 12-lead ECG pattern. Several reports over the past 30 years
have described a variety of ECG alterations in trained athletes, which have been
attributed to cardiac adaptations to systematic athletic conditioning and considered
benign expression of the athlete’s heart [3]. Therefore the abnormal ECG in this
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Fig. 11.5a,b a Signal averaging ECG: presence of late potentials. b QT interval dispersion: posi-
tive (QT d: 66 ms)

athlete could have been interpreted as an expression of the athlete’s heart. However,
the ECG pattern was striking abnormal and the anomalies present here were rela-
tively rare in athletes. In fact, left axis deviation and markedly and diffuse inverted T
waves are uncommon findings in athletes (0.1% and 2.7%, respectively) [3]. There-
fore, their presence was considered with high suspicion for underlying cardiac dis-
ease. However, suspicion for ARVC did not arise specifically because the abnormal
T-wave pattern was diffuse in all precordial leads (V1 to V6) rather than confined
to anterior leads, as is the case of majority of the young patients with this disease.
Athletes with abnormal repolarization patterns in the apparent absence of cardiac
disease (such as that observed in this athlete), need serial clinical and imaging test-
ing over a prolonged time period. A substantial minority of these athletes, in fact,
may develop phenotypic evidence for arrhythmogenic cardiomyopathies over time
with possible adverse cardiac events [4].

Another important finding in this athlete was the ventricular arrhythmia, not
frequent, but complex and associated with effort. The arrhythmia was recorded
uniquely on Holter ECG monitoring, and we were not able to identify the morphol-
ogy of PVBs and their origin because a three-leads recording device was used. This
experience supports the utility of a 12-leads ECG Holter monitoring in evaluating
athletes with ventricular arrhythmia. Other findings suspicious for underlying car-
diac disease were the presence of ventricular late potentials, expression of delayed
depolarization (late after-depolarization) and prolonged QT interval dispersion, due
to delayed conduction between endocardial and epicardial myocardium.

The EP study failed to induce any significant ventricular arrhythmia and was mis-
leading regarding the true arrhythmic risk in this athlete. This experience suggests
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Fig. 11.6a-d  Gross and histopathology cardiac findings. a Cross section of the heart with a
dilated RV chamber, hypertrophied subendocardial trabeculae, and a diffusely thinned (1.5 mm in
thickness) antero-lateral wall (arrowheads), in the absence of aneurysm formation. b Panoramic
histologic section of the RV outflow tract, including the pulmonary valve (arrow). Abnormalities
are not evident in the myocardium (red staining) at this magnification (Heidenhain’s trichrome
stain). ¢ Boxed area of b at higher magnification, showing areas of fibro-fatty replacement of
atrophic myocardium. The asterisk indicates epicardial fat, which is regarded as normal. d Boxed
area of ¢ at higher magnification. Surviving myocytes (red staining) are embedded within fibrous
tissue (blue staining) and fat (white staining), an acknowledged feature of ARVC

that EP study is not completely reliable to assess the risk for malignant ventricular
arrhythmias in young trained athletes, unless a very aggressive (and less specific
protocol) is adopted.

The echocardiographic findings (enlarged LV and RV cavity, with normal systolic
and diastolic function) were interpreted as expression of physiologic remodeling
associated with the athlete’s heart [5]. However, while no doubts raised from the
analysis of the LV, some doubts might have been raised regarding the right ventricle.
An accurate assessment of the RV showed a mildly enlarged cavity, round-shaped
apex and prominent cavity trabeculations. These findings would have suggested the
utility ofa better morphologic evaluation by cardiac magnetic resonance, which was
not available at that time.

Finally, the contemporary presence of electrocardiographic abnormalities and
ventricular arrhythmias would had suggested a period of detraining with subsequent
re-evaluation [6]. This case illustrates the difficulty of an early diagnosis of ARVC
in young asymptomatic individuals. The ARVC diagnosis requires high index of
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suspicion and specific knowledge of the varied alterations affecting the electrocar-
diogram and RV morphology. The timely identification of these individuals is a
challenge for sports medicine, because ARVC leads to sudden death with an esti-
mated 5.4 times risk in sports compared to sedentary activities [7]. The markedly
increased risk associated with sport participation, as well as the lack of consistent
and reliable criteria to discriminate the low risk from other patients, are the basis of
the current recommendations, which suggest restriction of young individuals with
ARVC from competitive sport [8, 9]. This recommendation is independent of age,
gender, and phenotypic appearance of the disease and does not differ for athletes
without symptoms, or treatment with drugs, or interventions with surgery, catheter
ablation, or implantable defibrillator.
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Chapter 12

ECG Repolarization Abnormalities

in an African Descent Athlete: Pathologic
or Physiologic Finding?

John Rawlins, Peter Mills, and Sanjay Sharma

Medical History

An asymptomatic 17-year-old male African professional soccer player underwent
routine medical assessment to screen for pathologic cardiac conditions. The ath-
lete trained for >20 hours (h) and played at least one full competitive soccer game
per week. He had no medical or family history of note. Specifically, no premature
sudden deaths in close relatives was reported.

Physical Examination

Cardiovascular examination was normal; blood pressure was 110/70 mmHg.

12-Lead ECG

The 12-lead ECG (Fig. 12.1) demonstrated normal sinus rhythm. The R/S wave
voltages were increased in precordial leads V3-V6 and met Sokolow-Lyon criteria
for LVH, marked (>2 mm) convex S-T segment elevation was evident in precordial
leads V1-V4 with T-wave inversion which would warrant further investigation.

Echocardiography

Trans-thoracic echocardiogram demonstrated mild LV hypertrophy with a maximal
wall thickness of 13 mm and a non-dilated LV end-diastolic diameter of 50 mm.
The left atrial diameter was 38 mm. Indices of diastolic function including Tissue
Doppler Imaging velocities were normal (E/A ratio:1.75; E/E’ ratio: 6). Systolic
function was normal (ejection fraction was 55%) (Fig. 12.2 and 12.3).
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Fig. 12.1 The 12-lead ECGs taken at peak training, showing increased R/S wave precordial lead
voltages consistent with LV hypertrophy (Sokolow-Lyon criteria) and marked convex S-T segment
elevation in precordial leads V1-V4, followed by T-wave inversion

A - IVSd 1.3cm
B - LVEDd 5.0cm
C - PWDd 1.3cm

Fig. 12.2 Echocardiographic parasternal long-axis view from the same athlete, showing a normal
LV cavity size, with mild hypertrophy of ventricular septum and posterior free wall
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A - 1IVSd 1.3cm
B - LWTd 1.3cm

Fig. 12.3 Echocardiographic short-axis view from the same athlete, showing an LV cavity size
with normal shape and mild symmetric hypertrophy of ventricular septum and free wall. Prominent
papillary muscles are also evident

Cardiac Magnetic Resonance (CMR)

CMR with late gadolinium enhancement confirmed mild concentric LVH with a
maximal LV wall thickness of 13 mm but did not reveal any features of apical HCM
or myocardial fibrosis (Fig. 12.4).

Diagnosis and Recommendations

This athlete exhibited deep T wave inversion on the 12-lead ECG and imaging evi-
dence of LV hypertrophy associated with a non dilated cavity size, which raised
suspicion for HCM. The diagnosis of HCM was, however, unlikely due to absence
of familial incidence of disease, the intensive training schedule performed, the mild
extent of LV hypertrophy associated with normal diastolic function and absence of
myocardial fibrosis on cardiac magnetic resonance. In order to resolve the clinical
dilemma, he was persuaded to detrain for 8 weeks over the closed season.
Subsequent evaluation demonstrated regression of the marked ECG repolar-
ization abnormalities (Fig. 12.5) and regression of LV mass on cardiac magnetic



88 J. Rawlins et al.

Fig. 12.4 Cardiac Magnetic Resonance imaging. A modified long axis view is shown, demon-
strating a structurally normal left ventricle with no evidence of apical hypertrophy

resonance, compatible with diagnosis of physiological LV hypertrophy rather than
HCM. The patient was allowed to resume training safely and continue to play soccer
at a professional level.

Discussion

Exercise related sudden cardiac death in young (<35) athletes is a rare but well
recognised phenomenon. The commonest cause of sudden cardiac death in young
athletes in the USA is hypertrophic cardiomyopathy (HCM) [1, 2] and the vast
majority of victims are of Afro-Caribbean origin (black) [3]. These events have
prompted many sporting organisations in Europe and USA to sponsor independent
pre-participation screening programmes to exclude potentially fatal cardiac disor-
ders, prior to acceptance for competition [4]. In parallel, there has been an emer-
gence of a large number of talented black individuals competing at regional and
national level in a variety of popular sporting disciplines, notably athletics, soccer



12 ECG Repolarization Abnormalities in an African Descent Athlete 89

| PN Fﬁ";f_ ___ﬂ'\ﬁ__ﬂ hr{'l A,_,J‘

vl PUSE. SSURBPAEE | (U {0 ¢V N N

Hﬁ'_'..\_}r,.,__.\L_,_. ,i Jﬁ _,_,l{_f’(\m_,\J (L_q,(\ﬂ??“,up__ﬂ

1]

.tkerL__,_ A JL{/\_____ AL r_IL A r/\_ d_‘/'\_‘_l /1‘-__._,:\.!.‘

Fig. 12.5 The 12-lead ECG from the same athlete after 8 weeks of complete detraining demon-
strating resolution of marked repolarization changes in precordial leads V1-V4

and rugby. For instance, whereas only 2% of the British population is black, 20% of
the premier soccer league and up to 25% of the British Olympic squad is black.

The differentiation between physiological LV hypertrophy and HCM is crucial.
This differentiation can be challenging in black athletes who may exhibit greater LV
hypertrophy when compared to Caucasian athletes participating in identical sporting
disciplines. They may also display marked repolarization changes, specifically ST
segment changes and deep T wave inversions [5], which may overlap those observed
in patients with HCM.

Unfortunately, there are few studies describing criteria for differential diagnosis
between physiologic cardiac remodelling and HCM in the black athletic population.

It is uncertain whether ECG and echocardiographic data derived from Caucasian
athletes [6] can be extrapolated to black athletes when attempting to differentiate
physiological LV hypertrophy from HCM. In the absence of large observational
studies in black athletes, there is potential for a false diagnosis of HCM in a black
individuals with marked repolarization changes on the ECG and LV hypertrophy on
the echocardiogram, resulting in unnecessary disqualification from sport and loss of
the many (including economic) benefits derived from sport participation.

There is some evidence that black athletes may exhibit marked repolarization
abnormalities, specifically concave ST elevation and deep T wave inversions in the
anterior leads that may mimic HCM. One study evaluating 289 collegiate American
soccer players, one third of which where black, revealed that 24% of black play-
ers demonstrated marked repolarization abnormalities compared with only 8% of
Caucasians (p<0.001) [7]. These changes may represent consequence of increased
LV mass, reduced sympathetic or increased vagal tone [8, 9]. Recently identified
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sodium channel polymorphisms amongst the black population [10] may provide
a novel explanation for repolarization anomalies observed in these individuals;
however, ion channel polymorphisms could not explain the resolution of the elec-
trocardiographic changes with detraining.

There is also evidence that black athletes develop substantially more LV hyper-
trophy compared to Caucasian athletes. In an echocardiographic study of 280
black American soccer players, 11% of subjects exhibited an LV wall thickness of
> 13 mm, which could have been consistent with a diagnosis of HCM [11]. Our own
experience indicates that 18% of black male athletes exhibit LV hypertrophy (i.e.,
wall thickness >12 mm) compared with just 4% of sport matched Caucasian athletes
of similar age and body size. The racial predilection for developing LV hypertrophy
may be due to several mechanisms, such as differences in ACE gene polymor-
phisms [12], brain natriuretic peptide concentrations, androgen sensitivity and
potentially higher exercise-related blood pressure responses in black athletes com-
pared to Caucasian ones.

In conclusion, this case highlights the difficulties in the interpretation of ECG
and echocardiographic changes in the Afro-Caribbean/African athlete population. In
particular, our athlete exhibited mild LV hypertrophy with non-dilated cavity and
associated marked repolarization changes on electrocardiogram which could have
been misdiagnosed as HCM. Regression and normalisation of the ECG and LV
mass with detraining provided reassurance that these features represented physio-
logical adaptation rather than HCM. This case provides compelling evidence that in
some black athletes marked repolarization abnormalities in precordial leads (usually,
V1-V3) associated with mild LV hypertrophy are consistent with diagnosis of ath-
lete’s heart.
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Chapter 13
A 16-Year-Old Female Runner with Prolonged
QT Interval

Sandeep Basavarajaiah and Sanjay Sharma

Medical History

A 16-year-old female long-distance runner underwent a cardiovascular evaluation
as a part of pre-participation screening programme. She trained approximately 18 h
per week and was competing at national level. She was asymptomatic and had no
significant past medical history. She denied any regular use of medications or drugs.
There was no family history of syncope, premature cardiovascular disease, epilepsy
or sudden cardiac death in close relatives.

Physical Examination
There were no stigmata of cardiac disease on physical examination. Her pulse

rate was 60bpm and blood pressure measured on the right upper limb was
120/70 mmHg. Cardiovascular examination was unremarkable.

12-Lead ECG

Her 12-lead ECG showed marked sinus bradycardia of 38 bpm and prolongation of
the QT interval (0.62 ms). The corrected QT interval (QTc) was 530 ms, with broad
based T-wave morphology (Fig. 13.1).

Other Diagnostic Testing

The patient underwent 48-h Holter monitoring and exercise test to check for other
phenotypic features of long QT syndrome, specifically polymorphic ventricular
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Fig. 13.1 The 12-lead ECG showing a prolonged QTc interval (0.53 ms)
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Fig. 13.2 The 12-lead ECG of the same athlete as in Fig. 13.1 demonstrating prolongation of the
QTec interval during the recovery phase of exercise



13 A 16-Year-Old Female Runner with Prolonged QT Interval 95

tachycardia (VT) and paradoxical prolongation of the QT interval with increased
heart rates. The 48-h ECG Holter recording did not reveal polymorphic VT.

During the exercise testing (performed with the Bruce Protocol), the athlete ran
for over 14 min before reaching her predicted maximal heart rate. The QTc interval
in the early stages of the exercise test failed to shorten with increasing heart rate and
was paradoxically prolonged in the recovery phase at heart rates of 130-100 bpm
(Fig. 13.2). She did not develop any arrhythmia (in particular, polymorphic VT)
during the test.

Diagnosis and Recommendations

In view of the above findings, she was diagnosed of having long QT syndrome
(LQTS). Considering the hereditary nature of the condition, all first-degree relatives
(both parents and younger brother) were assessed with a 12-lead ECG.

Her mother had a borderline prolonged QTc interval (460 ms). However, her
brother aged 13 years, who was asymptomatic and played regular soccer, also exhib-
ited a markedly prolonged QTc interval of 520 ms on his ECG (Fig. 13.3). Genetic
testing was planned to confirm diagnosis, and revealed a mutation in the alpha sub-
unit of the KVLQT1 gene on the chromosome 11, implying the final diagnosis of

Fig. 13.3 Thel2-lead ECG of the brother also demonstrating a prolonged QTc interval (0.51 ms)
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congenital LQTS type 1. Both the athlete and her young brother were advised to
refrain from all high intensity and competitive sports.

Discussion ensued regarding the indication for ICD; however in view of the
absence of symptoms and VT at testing and the negative family history of sudden
death, it was decided to treat both individuals pharmacologically with a beta-blocker
and follow them up closely, rather than implant an ICD.

Discussion

Congenital long QT syndrome (LQTS) is phenotypic manifestation of a group of
inherited cardiac disorders that are caused by mutations within the genes encoding
cardiac ion-channels and are characterised by delayed ventricular repolarization,
manifested as a prolonged QT interval on the surface ECG above the accepted upper
normal limits (0.44 ms in males and 0.46 ms in females). Seven different forms of
LQTS are recognised, but LQTS 1-3 account for over 90% of all documented cases
[1-3]; LQTS 1 and 2 predispose to exercise mediated polymorphic VT (i.e., torsade
de pointes) and are a recognised cause of sudden cardiac death (SCD) in young
athletes [1, 2].

Long QT 1 is a result of mutations in the KVLQT1 gene of chromosome 11 that
encodes the alpha-subunit of the potassium channel responsible for the slow out-
ward rectifier current (IKs). The role of IKs is to initiate repolarization by opening
during the plateau or late phase of action potential. The LQT1 accounts for approxi-
mately 40-55% of all congenital LQTS and the arrhythmogenic episodes are mainly
triggered by adrenergic surge during physical exertion [4, 5]. Individuals with LQT1
are at highest risk of exercise related sudden death.

The prevalence of congenital LQTS in the general population is estimated to be
around 1 in 2,500 to 1 in 10,000 [6, 7]. This figure, however, could underestimate
the true prevalence of this syndrome because patients with congenital LQTS can
remain asymptomatic or may have only subtle complaints and do not come to med-
ical attention [8]. Indeed, the penetrance of phenotypic features of LQTS on the
12-lead ECG in genetically affected individuals is only 60%. Therefore, 40% of the
subjects who harbour the causal genes do not exhibit a prolonged QTc interval on
their 12-lead ECG. Finally, individuals with congenital LQTS and other ion-channel
disorders have a structurally normal heart and correct diagnosis may be missed at
post-mortem examination in several cases of sudden death from LQTS [9, 10].

Pitfalls in the Measurements of QT Interval in Athletes

The QT interval is normally measured from the onset of QRS complex to the point
at which the T-wave comes into contact with the iso-electric line. The U-wave is
not generally included in the measurement of QT interval. Athletes often exhibit
U-waves which may be mistaken for notched T-waves, a recognised manifestation
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of LQTS. Identification of termination of the T wave in such cases can be particu-
larly difficult. The QT interval should be measured in peripheral or precordial leads,
where the terminal pattern of the T wave is clear. However, it is recommended that
an apparent U wave exceeding 50% of the T wave probably represents a notched
T wave rather than a genuine T-U complex. In such cases the apparent U wave is
included in the QTc measurement [11].

Diagnosis of LQTS in Asymptomatic Athletes

Diagnosis based purely upon clinical assessment is clear cut in athletes with a long
QTec interval in the context of a family history of the disorder or/and other pheno-
typic features of this condition, such as polymorphic VT or paradoxical prolonga-
tion of the QTc with exercise. In asymptomatic athletes without a family history of
LQTS, the diagnosis of LQTS is less straightforward. The Italian pre-participation
screening programme comprising of almost 35,000 athletes, recognized 0.7% of ath-
letes based on conventional criteria for a long QTc (>440 ms in males and >460 ms
in females) [12].

The prevalence of a prolonged QTc interval in highly trained British athletes,
based on identical criteria is 0.4% [13]. These figures are considerably higher than
those described for hypertrophic cardiomyopathy or arrhythmogenic right ventricu-
lar cardiomyopathy. In relation to the relatively high prevalence of a prolonged QTc
interval on the 12-lead ECG in athletes, the relatively low death rates from these
disorders in athletes suggest either that the vast majority of causal LQTS mutations
may be relatively benign, or that most athletes with an isolated long QT interval do
not have LQTS.

It is theoretically possible that an isolated long QT interval in an athlete may
represent the effect of delayed repolarization due to increased LV mass or the
fact that the Bazett’s formula may not hold true in individuals with very slow
heart rates [14]. In a study of asymptomatic highly trained British athletes a QTc
>500ms was associated with either paradoxical prolongation of the QT during
exercise, an additional phenotypic manifestation of LQT1 and LQT?2, or had a
first-degree relative with a prolonged QTc interval [13]. Two of the athletes with
a QTc >500ms scored 4 points on the Schwartz LQT diagnosis scoring system
[15] indicating a high probability of LQTS. In contrast, none of the athletes with
a QTc >460 ms but <500 ms exhibited any phenotypic features of LQTS and or
evidence of familial disease based on the identification of a prolonged QTc in a
first degree relative. These observations suggest a QTc >500ms in an athlete is
indicative of unequivocal LQTS and warrants disqualification from most sports to
minimise the risk of exercise related SCD. In such cases subsequent genetic test-
ing may be useful in confirming the genotype and facilitating cascade screening if
applicable.

The significance of a QTc ranging from 460 to 499 ms in asymptomatic athletes
is unknown since genetic testing in this cohort has been limited. Although genetic
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testing is theoretically possible, the heterogeneity of the disorder allows a genetic
diagnosis in about 60% of suspected cases and, indeed, a positive diagnosis may not
be available for several months.

Management

Currently, the Bethesda guidelines recommend disqualification from sport in asymp-
tomatic athletic males with a QTc >470ms and athletic females with a QTc
>480ms [16]. The ESC guidelines are more conservative, warranting disqualifi-
cation in males with a QTc >440 ms and females with a QTc >460ms [17].

Gene testing is helpful in management decisions. For example, mutations caus-
ing LQT 1 and LQT 2 types represent high-risk in athletes and mandate withdrawal
from regular physical training and competitive sport. In contrast, mutations causing
LQT3 may be associated with a relatively lower risk for athletic activity, because
arrhythmogenic episodes are triggered during bradycardia [S]. In these patients,
leisure time physical activity and amateur sport participation can be considered on
individual basis.

Athletes who are survivors of sudden cardiac death or those with syncope, doc-
umented sustained VT, or a malignant family history of sudden death due to LQTS
should receive an ICD [18]. All other athletes are treated with beta-blockers to coun-
teract the potentially fatal effects of adrenergic surges on myocardial early after
depolarisations.
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Chapter 14
Athlete with Variable QTc Interval
and Abnormal T Wave Pattern

Emanuele Guerra, Filippo M. Quattrini, and Antonio Pelliccia

Family and Personal History

This was a 16-year-old female swimmer, selected for inclusion in the national team
and referred to the Institute of Sport Medicine and Science for medical and cardio-
logic evaluation before participation in world championships. Personal history was
negative for symptoms or previous cardiovascular disease. Family history was posi-
tive for diabetes. No known cardiac disease or sudden cardiac deaths were reported
in close relatives.

Physical Examination

Athlete was in good physical and athletic condition; weight was 65 kg, height
180 cm. Blood pressure was 125/75 mmHg. No murmurs or abnormal heart sounds
were detectable on cardiac auscultation.

12-Lead ECG

The 12-lead ECG showed sinus bradycardia (mean heart rate 43 bpm) with normal
QRS axis, normal AV conduction (PQ:0.14 s). The QT interval duration was 0.46s,
and corrected QT interval (QTc) was 0.39s. The R/S wave voltages were normal,
but negative T waves were evident in precordial leads V; to V. (Fig. 14.1).
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Fig. 14.1 The 12-lead ECG at first evaluation, showing marked sinus bradycardia, and abnormal
repolarization pattern with T-wave inversion in precordial leads V,—Vg¢

Echocardiography

Left ventricular (LV) cavity size was within normal limits (51 mm), and wall
thickness was normal, without evidence of segmental hypertrophy. Prominent tra-
beculations were observed in the apical region, close to the antero-lateral and
postero-inferior wall (Fig. 14.2a,) (Video 14.1). LV systolic function was normal
(ejection fraction 60%) without evidence of wall motion abnormalities. Diastolic
filling, as assessed by transmitral Doppler flow, was normal. The right ventricular
(RV) chamber was within normal limits, and there were no morphologic or segmen-
tal RV abnormalities.

Fig. 14.2a,b a Parasternal long-axis view. b Parasternal short-axis view.
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Video 14.1 Parasternal long axis and short axis views; prominent trabeculations in the antero-
lateral and postero-inferior wall are evident, at level of papillari muscle and LV apex

Exercise Electrocardiography

On exercise testing, starting from 30 W for 2 min, with 2-min step and 30-W work-
load increments, the athlete reached 180 W, with a peak heart rate of 169 bpm and
blood pressure of 165/70 mmHg. No arrhythmias and no symptoms were induced by
exertion. The abnormal repolarization pattern observed in the resting 12-lead ECG
partially resolved during exertion (Fig. 14.3).

ECG Holter Monitoring

ECG Holter monitoring was performed, including a session of athletic training. The
ECG showed bradycardia during night (minimum heart rate:34 bpm) and the pres-
ence of rare premature supraventricular beats (PSVBs). The abnormal T wave pat-
tern was present for most part of the ECG recording, with partial resolution during
physical activity.

This athlete showed abnormal repolarization pattern in the absence of evident
cardiac disease. Question raised regarding the clinical significance of the promi-
nent trabeculations present in the LV apex, i.e., a subtle variant of cardiomyopathy,
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Fig. 14.3 Exercise test. The abnormal repolarization pattern partially resolved during exertion
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such as LV non compaction. For this reason, we extended our testing with eval-
uation of the family members and additional imaging testing (cardiac magnetic
resonance).

Family Screening

The mother showed a trabeculation pattern in LV cavity which echoed the morphol-
ogy seen in the athlete. Otherwise, 12-lead ECG was unremarkable and personal
and family history were negative (Fig. 14.4a,b) (Video 14.2).
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Fig. 14.4a,b a Athlete’s mother 12-lead ECG showed normal pattern. b Athlete’s mother echocar-
diography showed trabeculation pattern similar to that observed in the athlete

Video 14.2 Athlete’s mother echocardiography showed trabecular pattern within the LV cavity
similar to that observed in the athlete
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Cardiac Magnetic Resonance

Cardiac magnetic resonance showed either left and right ventricular chambers of
normal morphology and dimensions, with LV wall thickness within normal limits.
No evidence of focal or diffuse alterations of signal intensity within myocardium
was observed at delayed enhancement with post-gadolinium. The examination con-
firmed the presence of trabeculations in the apical region of both ventricles, without
evidence of non-compaction myocardium. No global or segmental LV dysfunction
was seen and, finally, the epicardial course of both coronary vessels was regular
(Figs. 14.5 and 14.6).

Fig. 14.5a—c Cardiac magnetic resonance. LV chamber imaged at level of papillary muscle (a),
more distal level (b) and LV apex (c). Normal cavity dimensions and shape are evident, with
trabeculation in mid-distal segments of the LV

Fig. 14.6a,b Cardiac magnetic resonance. a Diastole. b Systole. Left and right ventricular cham-
bers are imaged. Normal LV and RV cavity dimensions and shape are evident, with trabeculation
in mid-distal segments of the LV
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Diagnosis and Recommendations

In consideration that abnormal ECG pattern in this athlete was not an expression
of underlying cardiac disease, based on the imaging testing and negative family
screening, that the athlete had no arrhythmia, no symptoms, and showed excellent
adaptation to exertion, we cleared her for competitions, with the obligation of a
periodic cardiovascular evaluation.

Clinical Course

The athlete continued in her successful competitive career and underwent periodical
controls in our Institute. At the age of 19 years, the 12-lead ECG showed marked
sinus bradycardia and, for the first time, a prolonged QT interval (absolute QT =
0.52 s, corrected QT interval = 0.47 s). The abnormal repolarization pattern present
in previous ECG tracings had remained substantially unchanged.

An ECG Holter monitoring was repeated, which confirmed the presence of tran-
siently prolonged QTc interval, with wide range of values, from 0.39 to 0.55s
(Fig. 14.7). On exercise testing the athlete reached 240 W, with a peak heart rate
of 166 bpm and blood pressure 180/75 mmHg. No arrhythmias were induced by
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Fig. 14.7a—¢c ECG Holter monitoring showing wide variability of the QTc interval, with values
ranging from 0.39 s (a) to 0.51 s (b) up to 0.55 (¢)
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exertion, and no symptoms. The abnormal repolarization pattern resolved almost
completely during exertion. At that time, question of Long QT syndrome (LQTS)
raised, and the athlete was referred to an expert consultant to assess the presence of
genetic anomalies responsible for the LQTS.

Genetic Analysis

DNA analysis for gene mutations associated with LQTS was therefore performed.
Namely, KCNQI1, KCNH2, SCN5A genes were assessed with denaturing high per-
formance liquid chromatography. The investigation failed to show any abnormalities
in these genes potentially responsible for LQTS.

Follow-Up

The athlete has continued her successful career with a commitment to undergo peri-
odical controls. At the most recent evaluation, the athlete was in good physical con-
dition, without symptoms and no events during the overall follow-up. The physical
examination was normal, and there were no cardiac murmurs or abnormal heart
sounds.

The most recent 12-lead ECG showed marked sinus bradycardia (heart
rate:37 bpm) with normal AV conduction (PQ interval:0.14s). The QTc interval
duration was 0.44s. The R/S wave voltages in precordial leads were normal, and
the abnormal repolarization pattern was mildly improved (i.e., inverted T wave only
in precordial leads V,—V3). On exercise testing, there were no arrhythmia and no
symptoms and QTc interval reduced to 0.40s. The abnormal repolarization pattern
showed complete resolution during effort, as shown before. The ECG Holter moni-
toring showed rare isolated SVPBs and one couplet. Again, the QTc interval showed
a wide QT variability, with QTc values ranging from 0.43 to 0.53 s. No changes were
seen in the cardiac morphology, as assessed by echocardiography.

Although a reasonable explanation for the large QTc variability and abnormal
repolarization pattern was not evident to our evaluation, we nevertheless considered
that over a prolonged time period no clinical or diagnostic evidence had emerged
for cardiomyopathy in the candidate (and in the family). Therefore, we believe that
there were no sufficient reasons to disqualify this athlete from competitions. The
athlete is still engaged in sport practice with high level of achievements and undergo
periodical cardiovascular controls (every 6 months.)

Discussion

The case described here presents two points of major interest, i.e., the abnor-
mal repolarization pattern and the prolonged QTc interval. With regard to the
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repolarization abnormalities, this finding is not uncommon in young, trained ath-
letes [1, 2]. The clinical significance of these electrocardiographic changes, in the
absence of structural cardiac disease, is debated and incompletely resolved. How-
ever, our experience suggests that abnormal repolarization on 12-lead ECG may rep-
resent the initial and sole expression of underlying cardiomyopathies, which become
evident many years later and that may be cause of adverse outcomes [2]. Therefore,
a serial accurate control is needed in these athletes to identify timely those (few)
who may incur clinically evident cardiac disease and prevent adverse events.

The athlete described in the present case did undergo serial cardiovascular evalu-
ations, including repeated imaging testing (echocardiography and cardiac magnetic
resonance) which failed to show structural cardiac changes supporting diagnosis of
HCM (or other cardiomyopathies). The unique morphologic peculiarity observed in
this athlete (and in the mother) was the prominent trabecular pattern present in the
LV apex. This pattern was not considered to be an expression of non-compaction
myocardium, but possibly a variance of the normal LV morphology and deprived of
clinical significance, although we cannot exclude that it may be responsible for the
abnormal repolarization pattern observed in the athlete’s ECG.

The other point of interest was the prolonged QTc interval in this athlete.
Repeated measurements of QTc interval showed a wide spectrum of values, occa-
sionally above the accepted normal limits (i.e., 0.44 ms in males and 0.46 ms in
females). Congenital long QT syndrome (LQTS) is a phenotypic manifestation of
a group of inherited cardiac disorders caused by mutations in the genes encoding
potassium cardiac ion-channels, characterized by delayed ventricular repolarization.
The prevalence of congenital LQTS in the general population is between 1/2,500
and 1/10,000 [3, 4].

Diagnosis of LQTS is commonly made on the basal electrocardiogram, with QT
interval measured from the beginning of QRS complex to the point at which the
T-wave intercepts the iso-electric line. U-waves may often be mistaken for notched
T-waves, which could be a manifestation of LQTS. It’s sometimes hard to recognise
termination of the T wave, so the QT interval should be measured where the terminal
pattern of the T wave is clear. However, penetrance of phenotypic features of LQTS
on the 12-lead ECG in genetically affected individuals may be not complete and,
therefore, proportion of genetic positive individuals do not exhibit a prolonged QTc
interval on 12-lead ECG.

For this reason, DNA analysis for gene abnormalities associated with LQTS is
recommended, in order to confirm diagnosis of LQTS in borderline or controver-
sial cases. However, the heterogeneity of the disorder allows a genetic diagnosis
in up to 60% of suspected cases; this implies that a substantial minority of the
potentially affected individuals are, at present, not detectable by current genetic
analysis [3, 4].

The influence of athletic training and sport participation on the QTc interval is
unknown. However, a relatively longer QTc interval is reported in trained athletes
and occurrence of QTc interval above the widely used upper limits (0.44 s in males
or 0.46s in females) is not an uncommon finding in young trained athletes [5].
While the prevalence of a prolonged QTc interval on the 12-lead ECG in athletes is
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relatively high, incidence of sudden death from these disorders in athletes is pretty
rare. Such data suggest that the vast majority of causal LQTS mutations may be
relatively benign, or more likely that most athletes with an isolated prolonged QTc
interval do not have LQTS.

In a study of asymptomatic highly trained British athletes the QTc interval
>500 ms was associated with either paradoxical prolongation of the QT during exer-
cise (an additional phenotypic manifestation of LQT1 and LQT2), or first-degree
relatives with a prolonged QTc interval [5]. The study suggests that a QTc >500 ms
in the 12-lead ECG is indicative of unequivocal LQTS and warrants disqualification
from most sports to minimise the risk of sudden death.

Gene testing has been considered to be helpful in management decisions. For
example, mutations causing LQT 1 and LQT 2 types represent high-risk in athletes
and mandate withdrawal from regular physical training and competitive sport. In
contrast, mutations causing LQT3 may be associated with a relatively lower risk for
athletic activity, because arrhythmogenic episodes are triggered during bradycardia
[3, 4]. However, in the clinical practice no such subtle distinctions are usually made
and, according the ESC recommendations, unequivocal diagnosis of LQTS conveys
the recommendation to withdrawn athlete from competitive sports [6].
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Chapter 15
Young Triathlete with Unusual ST-Segment
Elevation in Precordial Leads

Luisa Verdile, Filippo M. Quattrini, Fernando Maria Di Paolo,
and Antonio Pelliccia

Family and Personal History

This is a 28-year-old male athlete engaged in triathlon, selected for inclusion in the
Italian National team. According to the program of the Italian National Olympic
Committee, he was referred to our Institute for a comprehensive medical and physi-
ologic evaluation. The family history was negative for cardiovascular disease and/or
sudden death in relatives. Personal history was negative for any previous event or
cardiovascular symptom. Athlete also denied drugs abuse.

Physical Examination

The athlete was in good physical shape and athletic condition. Weight was 61 kg
and height 171 cm, with a BSA of 1.71 m”. On physical exam, the blood pressure
was 110/70 mmHg and there were no murmurs or abnormal heart sounds.

12-Lead ECG

The 12-lead resting ECG showed sinus bradycardia (47 bpm), left QRS axis devi-
ation, first-degree atrioventricular block (PR interval: 0.23s). QRS voltages were
increased in precordial leads V3 to V5. The QRS duration was 0.09 s, and QT inter-
val correct with Bazzet formula was at upper limits (QTc: 0.45 s).

An rSr’ pattern was present in anterior precordial leads V1-V2. Indeed, an
unusual ST-segment elevation was present in precordial leads. Specifically, in lead
V2, a ST-segment elevation of about 2mm was present at J point, followed by
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Fig. 15.1 Baseline 12-lead ECG of the athlete showing rSr’ pattern in anterior precordial leads
V1-V2. In addition, ST-segment elevation was present in precordial leads V2-V6 and standard
leads I and aVL. Specifically, in lead V2, the ST-segment elevation was of 2 mm at J point, followed
by down-sloping ST-segment and inverted T wave. In precordial lead V3 the ST-segment pattern
was convex type, continuing with a positive, notched T wave. In precordial leads V4-V6 the ST-
segment showed upward concavity and a positive, tall terminal T-wave

down-sloping ST segment and inverted T wave. In precordial lead V3 the ST-
segment pattern was convex, continuing with a positive, but notched T wave
(Fig. 15.1).

Exercise Electrocardiography

On exercise testing, starting from 50 W for 2 min, with increment of S0 W every
2 min, athlete reached 450 W, with a maximal heart rate of 166bpm and a blood
pressure of 210/85 mmHg. During exercise the shortening of PR-interval was
observed (to 0.16s). The incomplete right bundle branch block and the down-
sloping ST-segment in precordial leads V1, V2 did not show significant changes dur-
ing exercise. No arrhythmias and no symptoms occurred during exertion (Fig. 15.2).

The particular pattern of ST segment elevation (down-sloping and continuing
with inverted/notched T wave) observed in precordial leads raised question of appro-
priate interpretation, i.e., possible expression of Brugada ECG pattern. Although
diagnosis of Brugada syndrome appeared to be less likely than an early repolariza-
tion pattern (which is commonly seen in young athlete population), we were forced
to exclude presence of Brugada syndrome, because of the implications related to
sports eligibility. Therefore, sodium channel blocker testing was planned.
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Fig. 15.2 12-lead exercise ECG in the same athlete showed presence of rSr’ pattern and ST-
segment elevation in precordial leads V1, V2, without significant changes of the down-sloping
pattern seen at rest and followed by a clearly inverted T wave

Flecainide Testing

The test was performed with flecainide infusion 0.1 mg/kg in 5 min with continuous
ECG monitoring. After drug infusion, the heart rate was 50 bpm, PR interval 230 ms,
QRS interval 104 ms, QTc interval 400 ms. The ST segment elevation in precordial
leads was <1 mm without significant changes into true “coved type” pattern. The
test was considered negative for Brugada syndrome. The ST-segment elevation in
this athlete was therefore considered to be an innocent early repolarization and con-
sistent with physiologic remodeling of the athlete’s heart.

Echocardiography

Left ventricular (LV) septum and posterior free wall were at upper normal limits
(12 and 11 mm respectively), without evidence of segmental hypertrophy. LV cavity
dimension was within normal limits (transverse diameter 53 mm), and so global
systolic function (EF 60%), without wall motion abnormalities. The diastolic filling
pattern, as assessed by trans-mitral Doppler echocardiography and Tissue Doppler
Imaging, was normal. The right ventricle showed a normal cavity dimension, with
a rich trabecular pattern and no wall motion abnormalities (Video 15.1).
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Video 15.1 Long axis, short axis and apical four chamber and subcostal views of
the cardiac morphology and function in the same athlete. The overall picture was
consistent with a physiologic adaptation to the athlete’s training schedule

Diagnosis

In conclusion, this athlete showed an ECG pattern which raised suspicion for Bru-
gada pattern and required provocative testing to clarify diagnosis, specifically to
exclude that syndrome. The final diagnosis was early repolarization and, therefore,
no restrictions were placed on sport participation.

Discussion

Several studies over the past 30 years have described a variety of ECG alterations in
trained athletes (including, most frequently, sinus bradycardia, first-degree atrio-
ventricular block, increased QRS voltages suggestive for LV hypertrophy, early
repolarization pattern). These alterations have been judged to be physiologic car-
diac adaptations to systematic athletic conditioning [1].

Not unusually, however, ECG alterations in trained athletes may mimic those
observed in patients with heart diseases. In particular, the ST-segment elevation in
anterior precordial leads may occasionally be suggestive for Brugada Syndrome,
such as in this athlete.

Brugada syndrome is a genetic arrhythmogenic cardiac disease, with an autoso-
mal dominant pattern of transmission, characterized electrocardiographically by a
typical pattern of ST-segment elevation in the anterior precordial leads, right bundle
branch block morphology, and clinically by syncope and/or sudden cardiac death
[2, 3].

The genetic alteration causing Brugada syndrome has been demonstrated in
mutations in SCN5A, the gene encoding for the cardiac sodium channel, also
responsible for the LQT3 subtype of long QT syndrome [3]. The typical ECG pat-
tern of the Brugada syndrome is characterized by a ST-segment elevation in the right
precordial leads (usually, V1 to V3), of >2 mm with coved morphology, followed by
anegative T wave. This pattern (type 1) is diagnostic for the disease (Fig. 15.3). Ina
substantial number of patients, this pattern is not present on the baseline ECG, but is
inducible by provocative testing with sodium channel blockers. In patients with Bru-
gada syndrome also different repolarization patterns may be found, i.e., ST-segment
elevation with saddleback morphology and high take-off ST-segment elevation of
>2 mm, followed by either positive or negative terminal T wave (type 2). Finally, a
type 3 has also been described, with either a coved or saddleback morphology with
ST-segment elevation of <1 mm (Fig. 15.3).

Diagnosis of Brugada syndrome is definitive when the typical type 1 ST-segment
elevation is observed in >1 right precordial lead (V1 to V3) in the presence or
absence of a sodium channel-blocking agent (such as flecainide or ajmaline), and in
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Fig. 15.3 The three ECG Brugada patterns. Type 1 is characterized by a ST-segment elevation in
the right precordial leads, of >2 mm with coved morphology, followed by a negative T wave. Type
2 pattern is characterized by ST-segment elevation with saddleback morphology and high take-off
ST-segment elevation of >2 mm, followed by either positive or negative terminal T wave. Type
3 pattern shows either a coved or saddleback morphology with ST-segment elevation of <1 mm.
Only type 1 is diagnostic for the disease

conjunction with documented ventricular fibrillation (VF), polymorphic ventricular
tachycardia (VT), syncope, family history of sudden cardiac death at young-adult
age (<45 years), or evidence of the disease in family members. The types 2 and 3
ECG patterns described above are not diagnostic per se for Brugada syndrome and
require confirmation by additional criteria [3].

The concealed or borderline ECG manifestations of the Brugada syndrome can
be unmasked by sodium channel blockers, but also by a febrile state or vago-
tonic agents. Instead, drug challenge is not performed in patients displaying the
type 1 ECG pattern at baseline, because the additional diagnostic value is con-
sidered to be limited and the test is not without risk for provoking arrhythmic
events.

Recommendations for Sports Participation in Brugada Patients

The Brugada syndrome is associated with risk of SCD due to malignant ventricu-
lar arrhythmias (sustained VT, VF), which usually occur at rest and often at night,
as a consequence of increased vagal stimulation and/or withdrawal of sympathetic
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activity. Increased vagal tone as a consequence of chronic athletic conditioning may
eventually enhance the propensity of athletes with Brugada syndrome to die at rest,
during sleep or during the recovery after exercise. Therefore, although no relation
between exercise and arrhythmias has been found, subjects with definite diagnosis
of Brugada syndrome should be restricted from competitive sports [5].

Early Repolarization Pattern in Athletes

The ST-segment elevation in trained athletes can be differentiated from ST seg-
ment elevation of the Brugada syndrome by its localization and morphology [6].
The most common pattern (type 1, Fig. 15.4a) is characterized by an elevated J
point, often associated with notching or slurring of the terminal QRS complex, an
upward concavity of the elevated ST-segment and a positive (“peaked and tall”) ter-
minal T-wave. Another pattern (type 2) consists of an elevated ST-segment which is
convex on the top (“domed”) and followed by a negative or small/indistinct T-wave
(Fig. 15.4b); this type is most often observed in black people. Early repolarization in
trained athletes is usually localized in precordial leads, with the greatest ST-segment
elevation in mid-to-lateral leads (V3—V4). Maximal ST-segment displacement may
occasionally occur more laterally (leads V5, V6, L1 and aVL), or inferiorly (L2, L3
and aVF).

A vV,

Fig. 15.4a,b The most common ECG patterns of early repolarization in trained athletes. a This
pattern is characterized by an elevated J point, often associated with notching or slurring of the
terminal QRS complex, and an upward concavity of the elevated ST-segment continuing with a
positive (“peaked and tall”) terminal T-wave. b This pattern consists of an elevated ST-segment
which is convex on the top (“domed”) and followed by a negative or terminal negative T-wave

In our athlete a ST-segment elevation was characterized by a down-sloping pat-
tern evident in lead V2, different from the usual ST-segment elevation with upward
concavity and positive T wave seen in most athletes. This ECG pattern raised sus-
picion for possible expression of the Brugada syndrome and triggered our decision
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to proceed with provocative testing in order to reliably exclude that diagnosis, and
allow athlete to consistently continue his athletic career.
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Chapter 16
A 17-Year-Old Competitive Soccer Player
with Pre-excitation Pattern on 12-Lead ECG

Hein Heidbiichel

Family and Personal History

The patient was a 17-year-old soccer player. He played competitive, non-
professional, soccer in a regional league, with 1 or 2 matches per week and 2 addi-
tional training sessions of 2h each. He was seen elsewhere for a first screening
evaluation. His exercise capacity was unrestricted. There were no familial cases
of sudden death or known cardiac disease. He had no special medical history and
was fully asymptomatic. Specifically, he never experienced pre-syncope, syncope
or paroxysmal palpitations.

Physical Examination

Physical examination was completely normal, with a blood pressure of
136/78 mmHg.

12-Lead ECG

The 12-lead ECG showed pre-excitation pattern (Fig. 16.1). The delta waves were
isoelectric in lead V1, positive in lead V2 till V6, and negative in the inferior leads.
This pattern indicated a postero-septal location of the accessory pathway [1].

Diagnostic Course

The patient underwent a diagnostic electrophysiological (EP) study, according to
the current Recommendations of the ESC [2, 3]. It showed an anterograde refractory
periods of the accessory pathway of 270 ms at baseline (under general anesthesia),
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Fig. 16.1 The 12-lead ECG recorded during a preparticipation screening, showing a sinus rhythm
at 60 bpm and preexcitation pattern. The delta waves were isoelectric in lead V1, positive in lead
V2 till V6, and negative in the inferior leads. This pattern indicated a posteroseptal location of the
accessory pathway. This location was eventually confirmed at EP study

decreasing to less than 220 ms during infusion of 0.5 pg/min isoproterenol. Circus
movement tachycardia at a rate of 220 bpm could be induced, with anterograde con-
duction over the AV node and retrograde conduction over the accessory pathway.
No atrial fibrillation was induced.

The accessory pathway was located in a right postero-septal position, just outside
the ostium of the coronary sinus. It was successfully ablated during the same session
with the first application of radiofrequency energy.

Recommendations

The patient was restricted from sport for 1 week and was allowed to resume progres-
sive training from the 2nd week. He could restart competitive sports after 1 month,
after a new ECG did not show recurrence of pre-excitation [3].

The athlete underwent further ECG evaluations 6 months and 1 year after abla-
tion, and he continued competitive soccer without restrictions.

Discussion

This case illustrates a typical scenario of a young athlete with asymptomatic pre-

excitation pattern, occasionally discovered on a pre-participation screening ECG.
The preexcitation is due to abnormal conduction from the atria to the ventricles

over an accessory pathway. In such patients, there is a small but definitive risk for
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sudden death due to development of atrial fibrillation with rapid anterograde con-
duction over the accessory pathway. Since exercise is associated with an increased
risk for sudden death [4], further evaluation is required when an ECG with pre-
excitation is recorded during screening in a competitive athlete.

In competitive athletes, EP study is mandatory according to the current Rec-
ommendations, to assess the inducibility of tachycardia or atrial fibrillation and to
evaluate the shortest pre-excited RR-interval and/or anterograde refractory period
[2, 3]. If any of those is <250 ms, if conduction over the accessory pathway is highly
dependent on adrenergic tone (as in this case), or if multiple accessory pathways are
present, the athlete-patient is considered at risk and ablation is mandatory.

In individuals participating in leisure-time and amateur sport activities, however,
a non-invasive evaluation looking for intermittent pre-excitation on Holter, during
an exercise test, or during administration of a low dose class 1 anti-arrhythmic drug
might be indicated to assess a low risk situation. Also, in recreational athletes, an
invasive study and/or ablation can be considered on an individual basis, weighing
risks of ablation vs. potential benefit. Ablation is especially advised for individu-
als participating in sports with an increased risk due to loss of consciousness (like
race pilots, mountain climbing), or those that need a professional license, since
it is known that 3.5% of non-inducible patients may become symptomatic during
follow-up.

Eventually, constraint for invasive procedures is needed in children and young
adolescents before the growth spurt. The risk for AF-induced ventricular fibrillation
is low at this age and high level competitive sports is rare, and there remains debate
on whether the benefits of an aggressive approach outweigh the risks [5-7].
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Chapter 17
A Symptomatic Judoka
with Wolff-Parkinson-White Pattern

Mohamed Tahmi

Athletic History

This is a 18-year-old high-level male judoka. He has been practicing judo since he
was 13 years old. In the last 3 years his training schedule was up to 18 h per week.
At present he competes at national level.

Family History

His familial history reveals no known congenital or other cardiovascular diseases
and no known cases of premature (<50 years) sudden cardiac death among close
relatives.

Personal History

The onset of clinical history was at age of 14 years (March 2003). He had prolonged
and rapid palpitations which emerged abruptly during sports activity, recognized on
12-lead ECG as atrial fibrillation and required an electric shock. The ECG recorded
at that time showed preexcitation pattern, i.e., Wolff-Parkinson-White (WPW) syn-
drome. After that initial episode, he was considered ineligible for competitive sports
activity and treatment with amiodarone (400 mg daily) was prescribed.

Physical Examination

The physical examination showed normal findings on heart and lung auscultation.In
particular, no valvular disease was found. The resting heart rate was 70 bpm. The
blood pressure was 120/80 mmHg.
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Fig. 17.1 The baseline 12-lead ECG shows preexcitation consistent with localisation of the Kent
bundle in right posterior and interventricular septum

12-Lead ECG

A sinus rhythm was observed. A short PR interval and delta wave were evident and
the overall pattern was consistent with preexcitation with localisation of the Kent
bundle in right posterior and interventricular septum (Fig. 17.1).

Echocardiography

Resting transthoracic echocardiography was considered as normal. No associated
structural disease, such as hypertrophic cardiomyopathy, Ebstein anomaly or valvu-
lar disease were noted.

Electrophysiologic Study and Ablation Procedure

The patient was referred for ablation of the accessory pathway. In fact, given the
history of rapid AF with preexcitation, this athlete was considered to be at risk and
indication for ablation was done. During the EP study, atrial fibrillation was easily
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Fig. 17.2 Per-electrophysiology session atrial fibrillation induced, with the shortest RR interval
duration measured (200 ms)

induced, with a shortest RR interval of 200 ms (Fig. 17.2). Atrial fibrillation was
converted and a successful catheter ablation of the Kent bundle was then performed
(Fig. 17.3).

Clinical Course and Recommendations

The clinical course after ablation was without complications: the athlete had no
recurrence of symptoms and especially no palpitations or irregular heart beats. The
12-lead ECG pattern remained normal. In accordance with the Bethesda and ESC
recommendations he was authorized to resume competitive sports three months
post ablation. Serial ECG recordings performed after 6 months remained normal.
At present, the athlete continues his competitive sport activity without symptoms or
any performance limitation.

Discussion

The prevalence of preexcitation is similar (0.1-0.3%) in athletic and general pop-
ulations. Atrial fibrillation or atrial flutter may cause rapid activation of the ventri-
cles through the accessory pathway and degenerate into ventricular fibrillation and
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Fig. 17.3 Radiofrequency ablation procedure with transition from WPW pattern to normal AV
conduction

sudden cardiac death. The overall risk for sudden cardiac in WPW patients (due
to ventricular fibrillation) is quite low and ranges from 0.1% to 0.2%, but appears
to be higher (2.2%) in symptomatic patients. This was also the case of our athlete,
who experienced rapid fibrillation requiring DC shock. Symptomatic athletes with
WPW syndrome and documented arrhythmias, such as atrial fibrillation, should be
treated with radiofrequency ablation of the accessory pathway. This was the case
of our athlete, who had documented spontaneous atrial fibrillation and, in addi-
tion, showed short RR interval of the pre-excited beats during induced atrial fib-
rillation. In the absence of such a clinical history, risk assessment in competitive
athletes with preexcitation should be based on an electrophysiologic study, includ-
ing measurement of refractoriness of the accessory pathway and induction of atrial
fibrillation to assess the shortest pre-excitated RR interval. A short pre-excited RR
interval (<240 ms during induced atrial fibrillation and <220 ms during effort or
isoproterenol infusion), the presence of multiple accessory pathways, and/or easy
induction of atrial fibrillation are considered to be associated with an increased risk
[1,2].

In case of asymptomatic athlete with preexcitation and with increased risk as
previously specified, ablation is mandatory, both in competitive and leisure time
athletes [2]. After catheter ablation, if no recurrence and no cardiac disease, all
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competitive sports can be resumed. The time to resume competitions should be
individualised (depending on prior history, risk stratification and ease of ablation).
Resumption of light to moderate training activities is usually possible after 2 weeks,
but competition should in many cases be prudently postponed for between 1 and
3 months [2].
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Chapter 18
A 35-Year-Old Competitive Cyclist
with Frequent Premature Ventricular Beats

Hein Heidbiichel

Athlete’s History

The patient was a 35-year-old competitive but non-professional cyclist. He started
competitive cycling during his teenage years and was still continuing this activity
until the date of evaluation. At the top of his athletic career, he competed on a
national level, with an average of 1 to 2 races per week and daily training of a
3—4 hours(h).

Previous Diagnostic Testing

He underwent a routine cardiologic check-up elsewhere 1year ago. The ECG
recorded at that time is shown in Fig. 18.1. It revealed a sinus rhythm at 60 bpm
with two isolated premature ventricular beats (PVB) with a right bundle branch
block morphology and superior axis. The sinus rhythm QRS had a right axis devi-
ation and there were diffuse negative T-waves in the left precordial leads V4 to Vg
and standard leads II, IIT and aVF. An ECG Holter monitoring was performed at
that time which showed more than 5,000 PVBs per 24 h, all monomorphic. Dur-
ing exercise test, the frequency of PVBs decreased. Echocardiography was normal.
Given the fact that the athlete was fully asymptomatic and the ECG findings were
considered non-diagnostic for pathologic cardiac condition, the athlete was allowed
resumption of competitive sport.

Medical History

After about 1 year, the athlete presented complaining of dyspnoea during exercise,
described as “fast, uncontrolled respiration” accompanied with slight dizziness. The
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Fig. 18.1 The 12-lead ECG during a routine cardiologic check-up 1 year before presentation of
symptoms. The ECG showed a sinus rhythm at 60 bpm with two isolated ventricular premature
beats (with a right bundle branch block morphology and superior axis). The sinus rhythm QRS had
a right axis deviation and there were negative T-waves in the left precordial leads V4 to V¢ and
standard leads II, III and aVF

athlete did not report palpitations, no pre-syncope and he never developed syncope.
He underwent a respiratory evaluation, which included a normal spirometry, and
negative hyperventilation and histamine provocation test. He was referred, therefore,
to our Institute for a second opinion.

Physical Examination

The physical examination was unremarkable.

12-Lead ECG

The 12-lead ECG revealed a sinus rhythm at 50 bpm, with right axis deviation and
with diffusely inverted T-waves as shown in the ECG 1 year before, but without
ventricular premature beats (Fig. 18.2).
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Fig. 18.2 A 12-lead ECG at initial presentation in our Institute with a sinus rhythm of 50 bpm
and without ventricular ectopic beats. The right axis deviation and diffusely inverted T-waves were
present as one year before

New Diagnostic Testing

A new Holter monitoring showed 2,200 PVBs per 24 h and sporadic couplets. Exer-
cise testing led to the induction of isolated PVBs above 50 W (Fig. 18.3). The
repolarization abnormalities remained substantially unchanged. At a load of 275 W,
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Fig. 18.3 Exercise testing led to the induction of isolated VPBs at loads above 50 W (here shown
at 175 W)
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Fig. 18.4 ECG at 275 W during an exercise test, showing an episode of monomorphic VPB in
bigeminy

bigeminy PVBs developed for a short time period (Fig. 18.4). The maximal exer-
cise level was 375 W, with a progressive decrease and finally disappearance of PVBs
above loads of 275 W. The patient developed a blood pressure drop after exercising
(from 210/90 mmHg to 150/60 mmHg, continuous sinus rhythm), which was asso-
ciated with dizziness resembling his clinical symptoms. Echocardiography showed
mildly dilated right and left ventricles with normal function, which were consid-
ered to be consistent with athlete’s heart. Cardiac Magnetic Resonance (CMR) was
performed, which showed a normal right and left ventricle, without fatty infiltration
and without regional wall motion abnormalities in either ventricle.

Since this observation did not explain completely the patient’s symptoms induced
by exercise, a further diagnostic evaluation was programmed. Coronary angiogram
was performed, which showed normal LV morphology with global ejection fraction
of 69% and no evident regional wall motion abnormalities, except a suspicion for
mild hypokinesia over the antero-lateral wall. Right ventricular (RV) angiography
showed a mildly dilated and hypokinetic chamber, which was interpreted visually as
athlete’s heart. However, quantitative RV ejection fraction assessment, using spec-
ified algorithms and software, showed mildly decreased ejection fraction of 49%
(Fig. 18.5) [1].

A late potential ECG revealed 2 out of 3 positive criteria: filtered QRS duration
133 ms and HFLA duration 41 ms (Fig. 18.6), while RMS40 was normal (24|, V).
Electrophysiologic (EP) study was performed, which induced three different forms
of sustained monomorphic VT, with rates between 195 and 250 bpm, all with a left
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Fig. 18.5 End-diastolic (top)
and end-systolic (bottom)
frames of RV angiography
(RAO projections in left
column, LAO at right side).
Quantitative RV ejection
fraction determination using
specified algorithms and
software calculated a mildly
decreased fraction of 49% RV
ejection, although the
angiography was visually
(qualitatively) judged to be
within normal limits for
athlete’s heart

Fig. 18.6 Two out of three
criteria were positive for late
potentials: filtered QRS
duration 134 ms (normal
<120 ms); duration of the
high-frequency low-
amplitude signals <40 wV
(HFLA40) 41 ms (normal
<40 ms). Root mean square
voltage of the last 40 ms
(RMS40) was 24 wV (normal
>20V)
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bundle branch block morphology. Each morphology was different from the mor-
phology of the isolated PVB observed on the baseline ECG and exercise tests.

Recommendations and Treatment

The patient was advised to stop any competitive and intensive sports activity [2].
Beta-blockers were started at a low dose, which were well tolerated. The patient
was eventually advised of the opportunity for prophylactic ICD implantation. The
patient agreed and an ICD was implanted.

Clinical Course
One year later he developed a first ICD intervention (Fig. 18.7). A shock was deliv-

ered for a fast regular ventricular tachycardia at 220 bpm, which developed while
the patient was watching a cycling event and which was associated with dizziness.

Jun 02, 2003 14:56:41

ICD Model: Gem Il VR 7231 9971 Software Version 4.0
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Fig. 18.7 One year after ICD implantation, the athlete received a first shock. The figure shows the
interval plot of a fast ventricular tachycardia (220 bpm) that developed while watching a cycling
event. The first 30 J shock restored sinus rhythm. The patient felt short dizziness before the shock



18 A 35-Year-Old Competitive Cyclist with Frequent Premature Ventricular Beats 135
Discussion

This case illustrates the importance of a comprehensive cardiologic evaluation when
a patient reports exercise-related symptoms, such as dyspnoea in this case. Although
originally a respiratory origin of symptoms was suspected, the arrhythmic aetiology
was considered and fully evaluated. The case even illustrates that a more scrupulous
cardiologic evaluation might have been appropriate already 1 year earlier, when the
ECG showed diffusely inverted T-waves and PVBs, although the patient was still
asymptomatic.

The ECG Holter monitoring had shown more than 2.000 PVBs per 24 h. Prior
studies have revealed 30% risk of underlying cardiac abnormality when frequent
ventricular ectopy is found on a Holter monitoring [3]. The athlete also had positive
late potentials, a non-invasive test which could have indicated probable underlying
structural abnormality. However, imaging techniques did not reveal striking abnor-
malities. Only quantitative evaluation of RV ejection fraction (which is not still
implemented in the routine clinical practice) showed a slightly subnormal value.
Recent evidence has shown that athletes with ventricular arrhythmias originating
from the right ventricle and mildly decreased RV ejection fraction are likely to rep-
resent expression of underlying RV cardiomyopathy. Quantitative evaluation of the
RV function is not part so far of the diagnostic algorithm for ARVC [4], but may be
of particular relevance in an athletic population [1]. The classic criteria for ARVC
were not diagnostic for the disease in this athlete (three minor criteria were present).
This occurrence is not rare in the athlete population, since morphologic expres-
sion of the disease may be concealed for a period before complete clinical picture
become evident (and diagnosis according to the task force criteria definite).

A genetic testing for sequencing of five desmosomal genes was performed, but
revealed no mutation. The aetiology of the underlying structural abnormality in this
athlete therefore remained elusive. This case also illustrates the potential value of
performing an invasive EP study in an athlete with exercise-related symptoms and
suspicion of underlying structural abnormalities [5]. The EP study showed induc-
tion of multiple re-entrant arrhythmic circuits of RV origin. There is no prospective
data on the best management in such cases, i.e. whether termination of competitive
sports, combined with beta-blockers or other anti-arrhythmic treatment suffices to
prevent further life-threatening arrhythmias, or whether ICD implantation should be
recommended.

In this case it is likely that ICD implantation has prevented potentially life-
threatening tachyarrhythmia. It is important to note that the patient had effectively
stopped his competitive sports and also did not participate anymore to any intense
recreational activities. He also had continued to take his beta-blockers. The arrhyth-
mia terminated by the ICD discharge developed not during exercise but during an
emotional period while he was watching a cycling event.

In conclusion, this case clearly demonstrates the need for thorough and individu-
alised cardiovascular evaluation in an athlete with PVBs and symptoms, even if the
initial presentation was one with only apparently innocent PVBs.
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Chapter 19
An Athlete with Ischemic Pattern
on Exercise ECG

Elvira DeBlasiis, Fernando Maria Di Paolo, and Antonio Pelliccia

Family and Personal History

This is a 28-year-old, male athlete who was selected in 2003 as a member of the
Italian National Rowing Team because of his excellent athletic achievements. Per-
sonal history was negative for CV diseases or any cardiac symptoms. He was a
non-smoker and he denied use of drugs or medicaments. Family history was posi-
tive for systemic hypertension and diabetes, but no history of ischemic heart disease
or premature sudden death was reported in close relatives.

Physical Examination

The athlete was in a good shape and excellent athletic condition; weight was 74 kg,
height 176 cm, with a BSA of 1.9 m?. On cardiovascular physical examination, the
blood pressure was 140/70 mmHg, and there were no murmurs or abnormal heart
sounds.

12-Lead ECG

The 12-lead ECG showed sinus bradycardia (55 bpm) with normal QRS axis, and
Ist degree AV block (PR interval: 0.23 s). QTc interval was within normal limits
(0.44 s). The R/S wave voltages were mildly increased in precordial leads V5, V6,
and repolarization pattern was normal (Fig. 19.1).
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Fig. 19.1 Baseline 12-lead ECG. Sinus bradycardia (54 bpm) with normal axis, 1st AV block
(PR interval: 0.23s). and QTc interval within normal limits (0.44 s) were evident. The R/S wave
voltages were mildly increased in precordial leads V4, V5, and repolarization pattern was normal

Exercise Electrocardiography

On exercise testing, starting from 50 W for 2 min, with increments of 50 W every
2 min, he reached 350 W, with a maximum heart rate of 182 bpm and blood pres-
sure of 230/70 mmHg. During exercise, a progressive downsloping depression of
the ST-segment in precordial leads from V4 to V6 was observed, which was >3 mm
at peak exercise, and associated with inversion of T wave in same leads, in the
absence of symptoms (Fig. 19.2). In addition, monomorphic premature ventricular
beats (PVBs), with left bundle branch block (LBBB) morphology were observed.

Echocardiography

The echocardiographic study showed the origin of left main and right coronary
artery in the normal position (Fig. 19.3). Indeed, the study showed the typical left
ventricular (LV) remodeling of athlete’s heart. The LV cavity was enlarged (end-
diastolic diameter = 58 mm), ventricular septum and free wall were at upper nor-
mal limits (11 mm), there was no evidence of segmental hypertrophy and the overall
picture did not suggest hypertrophic cardiomyopathy. LV global systolic function
was normal (EF 63%) in the absence of wall motion abnormalities, and so was
the diastolic filling and relaxation pattern, as assessed by transmitral Doppler and
Tissue Doppler Imaging, respectively. The left atrium was at upper normal limits
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Fig. 19.2 Electrocardiogram recorded during exercise testing. Significant downsloping of the ST
segment, up to 3 mm at peak exercise, is present in precordial leads V4 to V6, associated with of
T-wave inversion

(transverse diameter = 40 mm). The right ventricle did not show any morphologic
or functional abnormality.

ECG Holter Monitoring

In order to evaluate the severity of ventricular arrhythmia, an ECG Holter moni-
toring was performed, including a session of physical training. This testing showed
only a rare ventricular arrhythmia (i.e., 54 PVBs with LBBB morphology in 24 h),
and confirmed the presence of 1st AV block (PR interval 0.23 s), which disappeared
during effort.
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Right CA

Left main CA

_—

Fig. 19.3a,b Echocardiographic study showing the origin of left main and right coronary artery.
a Right coronary artery ostium and proximal course. b Left main coronary artery ostium and prox-
imal course

Other Tests

Blood count showed a mild anemia (Hb 13.7 g/dL, Ht 39%). The total cholesterol
was 195 mg/dL, LDL 153 mg/dL. and HDL 50 mg/dL.

Ventriculo-Coronary Angiography

To assess the possible ischemic significance of the abnormal ECG pattern observed
during exercise further diagnostic testing were planned and the athlete was tem-
porarily withdrawn from competitions. The athlete underwent ventriculo-coronary
angiography which confirmed the normal position of both ostia of coronary arteries
and the normal proximal course, with a right dominance. No significant atheroscle-
rotic lesions were found along the coronary vessels. Separated origin of the ramus
coronalis was described (Video 19.1). Left ventricle was mildly enlarged with nor-
mal systolic function and diastolic filling. No morphologic abnormalities were
described in the right ventricle.

Video 19.1a—¢ Coronary angiography showing the normal position of coronary arteries ostia and
course with a right dominance, in the absence of any atherosclerotic lesion or intramural course
(myocardial bridge). a,b Left coronary artery. ¢ Right coronary artery

Cardiac Magnetic Resonance

In addition, cardiac magnetic resonance (CMR) was performed. LV morphology
was normal (with mild enlargement of LV cavity), systolic function and contractility
were normal. The right ventricular cavity was normal with the presence of a promi-
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nent apical trabeculations. Delayed enhancement with post-gadolinium showed no
alterations in the signal and no fat infiltration in the right ventricle.

Diagnosis and Recommendations

The athlete was considered free of coronary artery and myocardial disease and no
restriction were applied for him to participate in training and competitions.

In the subsequent 5-year follow-up, the athlete had periodical cardiac evalua-
tions in our Institute; the abnormal ECG pattern induced by exercise has remained
substantially unchanged until present time. In the same period, he did not report
symptoms nor cardiac events.

Discussion

The most striking abnormality found in this athlete was the substantial repolar-
ization abnormality (i.e., significant downsloping depression of the ST-segment)
induced by exercise, which was instinctively suggestive for ischemic heart disease.
In consideration of the young age of the subject and the low risk profile, the hypoth-
esis considered most probable was the presence of a congenital coronary artery
anomaly, such as an abnormal origin and/or proximal course (i.e., myocardial bridg-
ing). Therefore, imaging testing were required to solve this question; the echocar-
diography showed a normal position of both the coronary ostia. The echocardiog-
raphy is usually capable to visualize the origin and proximal course of the coro-
nary artery in a large proportion of young individuals (in our athlete population, the
ostium of the left main coronary artery is imaged in >95% of athletes and that of the
right coronary artery in >80%) [1]. The information derived from this testing were,
in fact, confirmed by the subsequent ventriculo-coronary angiography. Another pos-
sibility was the presence of intramural coronary artery course. Presence of myocar-
dial bridge is not uncommon in asymptomatic individuals and represents an occa-
sional finding in about 5% of autopsies [2]. The clinical significance of myocardial
bridge is unresolved, but this abnormality has been described in selected individuals
who have died suddenly, in particular in young subjects with hypertrophic cardiomy-
opathy [3]. For this reason, we were ethically and legally forced to exclude this
abnormality in our athlete. Therefore, he underwent ventriculo-coronary angiogra-
phy, which excluded such abnormality and, indeed, any significant atherosclerotic
lesion.

Occurrence of an abnormal repolarization pattern induced by exercise testing,
mimicking myocardial ischemia, has been reported in a substantial minority of
young individuals (including athletes) without evidence of cardiovascular disease,
namely ischemic heart disease [4]. Mechanisms producing such markedly abnor-
mal pattern during exercise remained unknown. As possible explanation, imbalance
between the sympathetic and parasympathetic activity of the autonomic nervous
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system can be advocated [5]; specifically, it has been supposed that the increased
sympathetic drive during exercise may increase the myocardial oxygen consump-
tion in selected individuals up to overcome the coronary blood flow and mimicking
an ischemic ECG pattern. The clinical significance of such abnormal ECG response
to exercise appears to be benign and, although long-term observation is required, our
case suggests that no symptoms or events occurred in a medium-term follow-up.
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Chapter 20
A 17-Year-Old National Cyclist with
Exercise-Induced Ventricular Tachycardia

Axel J.P. Urhausen, Charles Delagardelle, Camille Pesch,
and Hein Heidbiichel

Family and Personal History

The patient is a 17-year-old male athlete in apparently good health. In the last 5 years
he was engaged in competitive cycling by training for about 20—25 hours (h) per
week, and achieved a national and international level. He was recently selected as
member of the junior national team. Since a head trauma in early childhood he
showed a nystagmus. No previous cardiac disease or known cardiovascular risk
factors were present. The patient was free of medications and denied the intake
of doping substances. Also his father and grandfather were internationally suc-
cessful competitive cyclists. His close relatives had no known cases of premature
(<50 years) sudden cardiac death. His grandfather underwent coronary revascular-
ization at the age of 67 and a pacemaker implantation at 73 years.

Medical History

Five months before the beginning of symptoms the athlete had a routine annual
sports medical examination including a 12-lead ECG at rest, incremental maximal
exercise testing (reaching 350 W, with a peak heart rate of 205 bpm) and echocar-
diography. These examinations were normal. The medical history started with
occurrence of palpitations, thoracic oppression, effort dyspnoea and loss of power
during high-intensity competition. These symptoms had started approximately
2 months before our evaluation. Self-monitored heart rate recordings during races
showed episodes of heart rates up to 220—230 bpm at those instances (Fig. 20.1).
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Fig. 20.1 Self-recorded heart rate profile (upper red line) and altitude (lower red line) during
cycling race showing four bouts of heart rate >220bpm (see arrows), not all related to climbing
a hill

Physical Examination

The physical examination showed normal heart and lung auscultation. The resting
pulse was 51 bpm and the blood pressure 100/60 mmHg.

12-Lead ECG

The 12-lead ECG showed a T-wave inversion in V, and a pattern of early repolar-
ization; Overall the pattern was considered to be within normal limits (Fig. 20.2).

Echocardiography

The morphologic features were judged to be consistent with an “athlete’s heart”,
with a total heart volume of 1075 mL (15.5 mL per kg body mass), a left ventricular
(LV) mass of 137 g per m? body surface area, LV end-diastolic/systolic diameters
of 57 respectively 38 mm, LV wall thickness of 11 mm and a left atrium of 39 mm.
Systolic (EF 60%) and diastolic LV function (E/A ratio >1), valves morphology and
pericardium were normal.
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Fig. 20.2 12-lead ECG at baseline, which was described as normal, with possible exception of the
negative T-waves in precordial lead V;

Blood Analysis

Normal findings including CRP, CPK and TSH.

Exercise Test: Race Simulation

A 1-h exercise test simulating competition with high-intensive intervals was per-
formed in the laboratory on his own bike. The ECG remained normal until a
heart rate of 199bpm. At heart rates >200bpm isolated supraventricular pre-
mature beats (SVPBs) appeared and also monomorphic premature ventricular
beats (PVBs) with a left bundle branch block configuration. When the exercise
reached high workload, PVBs increased further, resulting in ventricular quadri-, tri-
and finally bigeminy rhythms (Fig. 20.3). There was no induction of ventricular
tachycardia.

Holter ECG Monitoring During Bicycle Race

As a consequence of the exercise testing, ECG Holter monitoring was performed
during a real bicycle race. Several episodes of monomorphic sustained ventricular
tachycardia (VT) with heart rates of 200—260 bpm were recorded, also lasting sev-
eral minutes (Fig. 20.4). They were associated with the same clinical symptoms
reported in the history.
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Recommendations

Due to the appearance of sustained VT and associated symptoms, the athlete was
restricted from competition [1, 2] and advised further diagnostic testing in order to
exclude underlying structural disease, find out the VT origin and possibly to initiate
specific treatment.

Additional Diagnostic Tests

Coronary-angiography (no significant coronary lesions) and cardiac magnetic res-
onance (no left ventricular wall thickening, no wall motion abnormalities, normal
right ventricular size and function) were normal.

Electrophysiologic Study

Two electrophysiologic studies were performed in the subsequent period. There was
no evidence of pre-excitation. Both EP studies were unable to induce VT despite
programmed stimulation with up to three extrastimuli at the apex and at the RVOT,
either at baseline and during infusion of isoproterenol (with increasing dose until a
heart rate of 160 bpm) and atropine (0.5 mg). During isoproterenol infusion, how-
ever, spontaneous isolated PVBs from the RVOT were recorded.

Mapping was difficult because of the rare PVBs. Pace mapping at RVOT never
succeeded in obtaining a clear and complete match of the stimulated QRS morphol-
ogy with the spontaneous VTs. Two unsuccessful attempts of ablation were made.
The morphology of the PVBs (with rS in peripheral lead I and transition between
precordial leads V2 and V3) was suggestive of a location of the arrhythmic focus
within the aortic cusp.

Subsequent Clinical Course

In the subsequent months several follow-up investigations were performed:

— A laboratory simulation of high-intense training with heart rate >200bpm
induced only few monomorphic PVBs (quadrigeminus) after exercise

— However, ECG Holter monitoring during a road cycling competition confirmed
the occurrence of the same symptoms and several bouts of VT

The patient was therefore referred to another specialized medical center where
a third electrophysiologic study was performed. The arrhythmogenic focus was
mapped to the LVOT, near the left coronary cusp of the aortic valve. A new ablation
attempt was performed which was eventually successful in abolishing the VT focus.
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Continued Follow-Up

After that procedure, the athlete remained asymptomatic. Two months later a new
maximal exercise test was performed: 400 W (with a heart rate of 203 bpm) was
reached, without induction of PVBs nor symptoms.

A new ECG Holter monitoring during strength training, followed by intense
cycling training showed only four PVBs and a few SVPBs, without any subjective
complaints.

In the following months four more ECG Holter monitoring recordinges were
performed during cycling races (maximal heart rate of 200—210bpm) which all
remained negative. At that time, in consideration of the proven success of the abla-
tion, the absence of symptoms and failure to induce VTs, the athlete was allowed to
resume full competitive activity.

After 18 months, he is still without subjective complaints and has very good com-
petitive performances (national level). No arrhythmias were induced during subse-
quent maximal exercise testing, nor recorded by ECG Holter monitoring during
competition. No morphologic or functional abnormalities were found in subsequent
echocardiographic investigations.

Final Recommendations

Cycling is listed in the Bethesda Classification as a very high dynamic and very high
static sport, thus involving maximal cardiovascular strain [1]. In accordance with the
current European recommendations [2, 3], the athlete has been finally declared eli-
gible for competitive cycling in consideration of the documented absence of any
significant ventricular arrhythmias during training and competition, the absence of
structural heart disease, and total regression of symptoms after successful ablation.
However, a periodical follow-up testing is required, including maximal exercise test-
ing, echocardiography and ECG Holter monitoring (including cycling race) every
12 months, to exclude progression of any underlying structural or arrhythmogenic
condition.

Discussion

Ergometric tests performed to exclude cardiac abnormalities in competitive athletes
should be conducted until maximal exhaustion. Even by doing so, the actual car-
diac strain of competition is not always reached, especially in cycling, a sport with
very high dynamic and static demands over a long time. In the present case even
aggressive stimulation protocols in several electrophysiologic studies only induced
isolated PVBs. In a race simulation, on the personal competition bike of the ath-
lete in the laboratory, a maximal heart rate >200 bpm was reached. However, only
PVBs — ventricular quadri-, tri- and finally bigeminy — could be induced. Both
lab tests were not able to provoke the same bouts of sustained VT that appeared on
Holter monitoring only during a real race.



20 A 17-Year-Old National Cyclist with Exercise-Induced Ventricular Tachycardia 149

This example also supports the usefulness of regular cardiac examinations in

competitive athletes, which should include an exercise ECG, at least in sports with
higher cardiovascular demands. These exams not only help to minimize the proba-
bility of the existence of a underlying disease but it also allows a comparison with
previous values in case of occurrence of new complaints.
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Chapter 21
A 53-Year-Old Recreational Jogger
with Atrial Fibrillation

Hein Heidbiichel

Family and Personal History

This is an amateur 43-year-old runner. He had been a long distance runner since
adolescence, usually recreational but also competitive between age 16 and 23. He
still continued jogging, 2 to 3 times per week, 7—10 km each session.

The patient had an uneventful previous medical history. He had developed pal-
pitations 5 years before our initial evaluation. The athlete described this feeling as
skipped beats, periodically frequent, which caused some subjective hindrance but
no other associated specific cardiac symptoms.

Over the last 2 months, however, he developed episodes of longer lasting irreg-
ular palpitations. They occurred both at rest and during exercise, without a specific
trigger being identifiable. These episodes lasted for 1 min to 2h. When the arrhyth-
mia was present, the patient noticed a clear decrease in exercise tolerance. Moreover,
he reported one dizzy spell during exercise. His family history revealed no sudden
unexpected death, nor family members with a similar problem.

Physical Examination

Physical examination was normal, with a blood pressure of 132/82 mmHg.

12-Lead ECG

Because of recurrent palpitations, an extended ECG was recorded during his first
consultation. It revealed an episode of atrial fibrillation (AF) which terminated after
four beats during the recording (Fig. 21.1). After only two sinus beats on the ECG,
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Fig. 21.1 The 12-lead ECG
during initial visit, showing
atrial fibrillation which
terminated after four beats on
the tracing. After only two
sinus beats on the ECG, a
new episode of AF started,
presumably by atrial ectopic
beats which initially were
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a new episode of AF started, presumably by atrial ectopic beats which initially were
accompanied by aberrant conduction.

Echocardiography

Echocardiography showed normal cardiac dimensions and wall thickness. There
was a trivial mitral regurgitation and a slightly enlarged left atrium (40 mm in the
parasternal short axis view).

Diagnosis and Treatment

The AF was considered responsible for the symptoms of the patient and treatment
was initiated with a low dose beta-blocker, i.e., metoprolol slow-release, 50 mg/day,
to reduce the ventricular rate during AF episodes, in association with flecainide
2 x 100 mg/day for rhythm control.

Clinical Course

The athlete came to visit 1 month later. He had recurrent palpitations and mentioned
one episode of exercise-induced pre-syncope (he did not feel palpitations at that
moment). The ECG during that second visit is shown in Fig. 21.2. It showed a
pattern of typical atrial flutter with predominant 2:1 atrio-ventricular conduction.
After directed questioning, the athlete revealed that he had stopped beta-blocker
therapy because of decreased exercise tolerance, but was still taking flecainide in
monotherapy. Since there was suspicion for exercise-related arrhythmia episodes
with high ventricular rate, a calcium channel blocker (verapamil 240 mg/day slow
release) was added to the flecainide therapy.
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Fig. 21.2 One month after the first evaluation, the 12-lead ECG showed typical atrial flutter with
predominant 2:1 atrio-ventricular conduction

Nevertheless, despite taking these drugs consistently, he collapsed at the end of
a Sunday morning interval training in the woods. After recovery of consciousness
he could crawl on hands and feet to his car and call emergency personnel with his
mobile phone. They documented the ECG presented in Fig. 21.3, which showed
a wide-QRS tachycardia at a rate of 250 bpm. After admission to the hospital the
rhythm converted into atrial flutter with 2:1 conduction (with a similar atrial rate)
before terminating spontaneously.

Discussion

This case illustrates how atrial fibrillation may organise into flutter, either inter-
mittently and spontaneously or more easily under the influence of class 1 anti-
arrhythmic drugs. In the latter case, it is referred to as “class-1 atrial flutter”. Atrial
flutter episodes may cause more hemodynamic compromise than atrial fibrillation,
because of the risk for 1:1 AV conduction, particularly during exercise [1]. Although
this can happen with all flutters, the situation is more common when flutter devel-
ops as a result of class 1 anti-arrhythmic drug treatment. In fact, class 1 drugs will
slow the atrial rate of the flutter which facilitates 1:1 conduction, like in this case
at the rate of 250 bpm (Fig. 21.3), whereas the original flutter had a rate of about
300 bpm in the atrium (Fig. 21.2). The rapid ventricular rate is associated with a
very wide QRS due to profound intraventricular conduction delay as a result of the
class 1 drug action, resembling VT from which it needs to be distinguished. The fast
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Fig. 21.3 The ECG on emergency admission a few weeks later, under treatment with flecainide
2 x 100 mg/day + verapamil slow-release 240 mg/day. The rhythm later converted to atrial flutter
with 2:1 conduction (with a similar atrial rate) before terminating spontaneously

conducted flutter is associated with poor hemodynamic performance and can lead
to cardiogenic shock and death.

Therefore, there is an absolute need to add AV nodal slowing drugs when treating
atrial fibrillation in a recreational or competitive athlete. Of course, when atrial fib-
rillation occurs in an athlete, classical underlying causes have to be excluded, like
thyroid dysfunction and, more frequently, systemic hypertension. If present, they
should be treated appropriately. In general, approval for competitive sports partici-
pation in athletes with atrial fibrillation will depend on the tolerance of the arrhyth-
mia during exercise, i.e. if hemodynamic symptoms due to fast uncontrolled rates
can be excluded. Given the fact that it is even more difficult to control the ventricular
rate during atrial flutter (in this case 1:1 conduction developed despite 240 mg ver-
apamil per day), prophylactic flutter ablation should be considered in athletes with
AF (like this athlete after his first visit) [2]. In case flutter is documented, ablation
is even considered mandatory, both in competitive and recreational athletes [3].

In this patient the first ECG revealed clear signs of so-called “focally-induced
atrial fibrillation”, where atrial ectopic beats, usually originating in the pulmonary
vein region, trigger episodes of atrial fibrillation [4]. These patients may be consid-
ered for pulmonary vein isolation for ablation of AF. Although theoretically athletes
are good candidates (because of the younger age and absence of underlying heart
disease), the results and long term outcome of ablation in this selected group are not
well known. The potential benefits and risks of the procedure should be discussed
with the patient. At moment, it is believed that freedom from atrial fibrillation can
be expected in a 50% of persistent and 80% of paroxysmal cases of AF.
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Effective ablation could allow termination of all anti-arrhythmic and
bradycardia-inducing drugs and, therefore, complete resumption of competitive
sports activity.

One has to consider, however, that an association has been described between
endurance sports activity in adult and senior athletes (but not in the elite young
competitors) [5] and development of atrial fibrillation [6]. The causes for this asso-
ciation are not known, but may reflect autonomic and/or structural atrial remodelling
in adult and senior individuals associated with prolonged sports activity.

Therefore, it is unknown whether resumption of a full athletic activity after abla-
tion could result in renewed/further risk for atrial remodelling and recurrence of
atrial fibrillation in senior athletes. It has been shown that continuation of endurance
sports may be an independent risk factor for development of atrial fibrillation after
flutter ablation [7]. Therefore, it is sound to mention to the patient the opportunity
to continue sport participation at decreased intensity and duration in order to poten-
tially prevent further AF development.
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Chapter 22
Paroxysmal Atrial Fibrillation
in a Professional Cyclist

Francois Carré

Family and Personal History

This is a 33-year-old professional male cyclist. On February 15th, 2006 he
underwent the annual medical and cardiovascular check-up in our Institute required
for continuing professional cycling. Familial history revealed no known congenital
or other cardiovascular diseases and no known cases of premature (<50 years) sud-
den cardiac death in close relatives. Personal history showed no exercise related car-
diovascular symptoms, thoracic pain, dizziness, or palpitations. However, exercise
bronchial hyper-responsiveness had been documented and treated with terbutaline
and budesonide for 6 years.

Athletic History

The athlete started competitive cycling at the age of 17 years and had been engaged
at professional level in the last 7 years. At the time of our evaluation, his training
schedule included between 30,000 and 33,000 km per year, and this program had
been in practice during the last 5 years. He was in good athletic condition and ready
for the new athletic season.

Physical Examination

The physical examination showed normal findings on heart and lung auscultation.
The resting heart rate was 40 bpm. The blood pressure was 120/70 mmHg. The
height was 173 cm, the weight was 65 kg and the calculated fat mass was 10%.
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Fig. 22.1 [Initial 12-lead resting ECG on February 2006

12-Lead ECG

Sinus bradycardia with 37 bpm was recorded, judged to be consistent with the high
level of training. The PR, QRS, and QT/QTc intervals, respectively 175 ms, 104 ms
and 429/363 ms were normal. T waves pattern were positive and tall in anterior
precordial leads. A small intra-atrial conduction disturbance could be suspected
because of slightly increased P wave duration (>100ms), enlarged in lead II and
a biphasic pattern in precordial lead V1 (Fig. 22.1).

Echocardiography

In accordance with the Union Cyclist International rule, a transthoracic echocar-
diography should performed every two years in this professional cyclist. The con-
clusion of echocardiographic study (Fig. 22.2) was consistent with athlete’s heart
diagnosis, showing a moderate and harmonious dilatation of the four cardiac cham-
bers with normal resting systolic and diastolic function. Mild mitral and tricuspid
insufficiencies were observed, without hemodynamic significance.
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Fig. 22.2a—c Resting echocardiography. a 2D left-parasternal view of the left ventricle. b M-mode
recording of the aorta and left atrium. ¢ M-mode recording of left ventricle. LV =left ventricle;
LA = Left atrium, Ao = aorta

Maximal Exercise Testing with Gas Analysis

A maximal exercise test with gas analysis was performed on an bicycle ergometer
(Fig. 22.3). The maximal achieved workload was 410 W, with heart rate of 175 bpm,
blood pressure 200/70 mmHg, maximal oxygen uptake 74.8 mL/min/kg, and oxygen
pulse 28.8 mL O,/beat.No symptoms, no arrhythmias and no repolarization abnor-
malities were observed. In conclusion, after the cardiovascular examination there
was no reason for restricting the athlete from professional cycling.

Follow-Up and Other Testing

This cyclist had good sports results until June 2006. In June 2006 some brief
exercise- induced palpitations were reported, which did not affect his physical per-
formance. However, in August 2006 he was forced to withdraw from a cycling race
because of palpitations, referred as a fast and irregular heart rate (180—210 bpm on
personal heart rate monitor). For this reason, he went to the nearest hospital 24 h
later. Clinical exam and 12-lead ECG showed a well tolerated atrial fibrillation (AF)
with a ventricular rate between 90 and 110 bpm at rest (Fig. 22.4).

No prohibited drugs ingestion was admitted by the cyclist. Medical decision was
to stop terbutaline and temporarily all sports practice. Blood testings (including thy-
roid parameters) were normal. The echocardiography was repeated but did no show
changes compared to that performed in February.
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Fig. 22.4 12-lead ECG recorded during the paroxysmal atrial fibrillation on August 2006
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Treatment and Recommendations

Acute treatment with oral amiodarone (two tablets twice daily) was instituted associ-
ated with nadroparine 0.6 mL/day. Sinus rhythm resumed within 12 h after the treat-
ment. Re-evaluation could not reveal a primary underlying structural abnormality
(no hypertension, heart disease, thyroid dysfunction). Medical treatment (acetylsal-
icylate and amiodarone) was progressively decreased and stopped one month later.
At the same time, the athlete stopped sports practice for a three-months period.

During that period no events occurred and the cyclist started again with a mod-
erate and progressively increasing physical training program.

Subsequent Follow-Up

Four months later, the athlete underwent the annual pre-season cardiovascular eval-
uation, which showed no abnormalities. No significant arrhythmia was noted during
exercise test nor during 24 h Holter recording, which included a strenuous train-
ing session. The cyclist began a new race season in March 2007, but three other
symptomatic paroxysmal (lasting less than 12 h) AF episodes occurred from July to
September 2007.

At that time, we had a long dialogue with the cyclist. We explained the nature of
the arrhythmia and commented that his athlete’s heart and the high level of training
might favor the emergence of paroxysmal AF. We gave him information about the
possibility of pulmonary vein isolation or left atrial ablation in order to continue his
professional career. However, he declined this proposal because he was concerned
of the associated risks. On the other hand, chronic pharmacology treatment did not
seem to us a good indication in this case for allowing competitive sport activity. We
suggested the patient to continue sports practice at a lower level under appropriate
drugs control. However, the cyclist preferred to stop his high level competitive sport,
because of the incapacity to maintain a good level of performance without arrhyth-
mias, the refusal to decrease his level of training, and his relatively old athletic age.

Discussion

This case illustrates the not uncommon occurrence of symptoms related to parox-
ysmal AF in a adult, highly trained athlete. In such circumstance, it is important
to evaluate symptoms as the expression of AF, to exclude underlying causes, and
to know the ventricular rate during AF. A temporary ineligibility is advisable dur-
ing the time the athlete is being evaluated to exclude underlying cardiac diseases
potentially responsible for the arrhythmia. In particular, an arrhythmogenic sub-
strate should be investigated, such as Wolf-Parkinson-White syndrome, cardiomy-
opathies, myocarditis, unknown systemic hypertension, or use of prohibited drugs.
Obviously, in case of structural cardiac disease the treatment and sports eligibility
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will be in accordance with that disease. In the most common instances, when AF is
idiopathic and presents single or only rare episodes, and ventricular rate is not higher
than maximal heart rate attained during exercise, the resumption of sport activity is
possible without treatment [1]. Periodic (yearly) follow-up is advised. Instructions
to stop physical activity if palpitations associated with symptoms of hemodynamic
compromise (dizziness, unusual fatigue) arise must be given.

The patient should be informed about benefits and limitation of the procedure
of pulmonary vein isolation and radiofrequency ablation. A more limited therapeu-
tic option may be possible in selected cases, with ablation of the inferior isthmus
in order to avoid the risk of atrial flutter arising during AF episode, especially in
athletes that are treated with class-1 anti-arrhythmic drugs. In case of very fast
ventricular rate and/or major symptoms, with athlete willing to resume competitive
sport, radiofrequency ablation is advisable. After successful ablation, a short period
of 1—3 months of observation, without symptoms and AF or flutter recurrence, is
suggested before competitive sports be resumed. Indeed, a periodical (6 months)
follow-up is recommended.

When the athlete with AF and very fast ventricular rate and/or major symptoms
refuses the ablation procedure, or sport is reduced to leisure-time and non-
competitive activity, treatment could be proposed with digoxin and calcium chan-
nels blockers, although these drugs are occasionally ineffective to maintain an
appropriate heart rate. Beta-blockers are more efficient, but they have limitations
in certain sports (altered performance and doping in some sports). Class 1 anti-
arrhythmic drugs can be proposed with caution, as “pill in the pocket” therapeutic
choice. In that instance, the athlete should refrain from intensive physical activity
for two half-lives after ingestion, to avoid flutter with 1-to-1 A-V conduction [2].

Finally, anticoagulation depends on the classical risk factors for thrombo-
embolic events. In case of anticoagulation treatment, sports with risk of body colli-
sion or trauma should be discouraged.
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Chapter 23
A Female Soccer Player with Unusual
Fatigability and Ventricular Arrhythmia

Erik Ekker Solberg, Terje Halvorsen, Knut-Haakon Stensaeth,
and Finn Hegbom

Medical History

This is a female soccer player competing at national and international level. She is
living as a single, in apparently healthy condition and without known clustering of
cardiac diseases in her family. She did not use any drugs. She often suffered from
banal upper respiratory infections and had exercise-induced asthma for a period
during adolescence. Beside her career as a soccer player, she was working as a sales
representative. Usually she trained between 7 and 12 times a week, depending on
being in low- or high-season of sport events.

In January 2006, she suffered from upper respiratory infection. Eventually she
showed symptoms of bronchitis. At this time of the year in Norway it is usually
cold and wintry and in the middle of the flu season. Infection had several recurrences
throughout the winter, and she did not recover completely. She went through four
distinct infectious periods, lasting several weeks each time during the winter period.
She continued, however, to train during these episodes although at a moderate level.

She was able to report scarce medical information regarding these flu episodes,
including the negativity of serology tests (Ebstein Barr virus Ig G positive, Ig M
negative, were judged as non-significant). Sero-reactive protein (CRP) and white
blood cell counts were normal. During the summer 2006 she had a long period of
bronchitis and at this stage she definitively experienced a decreased working capac-
ity. In September she had fever for one week and suffered from sinusitis. She played
amatch a few days after the fever. She played badly, felt stressed and completely out
of shape. She experienced palpitations for the first time. At the beginning of Octo-
ber she was admitted to hospital for acute chest pain occurring during a match. She
experienced numbness in her left arm. The team doctor noted that her heart rhythm
was irregular.
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Diagnostic Testing

At admission to hospital she complained about chest pain. The physical examina-
tion was unremarkable. The electrocardiogram (ECG) showed sinus rhythm with
frequent premature ventricular beats (PVBs) with LBBB morphology and vertical
axis (Fig. 23.1). Blood samples showed normal values, including infection param-
eters. Echocardiography was normal. At an exercise testing, she reached 170 W,
with normal hemodynamic response. On initial work loads, frequent PVBs were
observed, which disappeared with increasing work load. No ST-segment changes
were observed during the exercise testing (Fig. 23.2). It was concluded that “the
findings with normal echocardiography, normal exercise testing and blood samples
excluded myocarditis with a high level of confidence”. The decreasing frequency of
the number of PVB during the work load was considered a positive sign. No training

Fig. 23.1 Resting 12-lead ECG showing PVBs with left bundle branch configuration and inferior
axis. The transition zone is between lead V3 and V4
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Fig. 23.2 Exercise ECG showing practically normal findings

restriction was advised to the patient, other than usual restriction during infection
periods. No control was appointed.

Clinical Course

In November 2006, her clinical condition worsened. A Holter ECG monitoring was
performed and showed sinus rhythm with frequent monomorphic PVBs, trigem-
ini and bigemini, up to more than 34,000 PVBs/24 h. The PVBs morphology were
unchanged (LBBB configuration and vertical axis). The transition zone was between
lead V3 and V. This suggested that arrhythmias had origin from a high site in the
left ventricle outflow tract. About 1 month later, a new Holter ECG monitoring was
recorded and the results were similar.

Recommendations and Treatment

She was advised to reduce substantially the training schedule, and restrict activity
s0 as not to reach a pulse more than about 100 bpm. She was released on sick leave
since she was unable to work because of tiredness and weakness. She also started
treatment with beta blockers (Metoprolol 25 mg OD, increasing to 50 mg after a
while), with a good symptomatic effect.
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Fig. 23.3a,b  Cardiac magnetic resonance showing gadolinium-late enhancement in the left
myocardium (arrow)

Subsequent Clinical Course

After a few weeks she referred additional symptoms, including a near-syncope,
feeling dizzy and dyspnoeic, and experienced diarrhoea. Echocardiography was
repeated. The left ventricle was reported to be of normal size, without evidence
of remodelling consistent with an athlete’s heart. The ejection fraction was 52%.
There was an insignificant tricuspid- and mitral regurgitation. Care was spent to
assess the right ventricular morphology and function, and it was concluded that the
right ventricle was normal in shape, structure and function.

In January 2007, cardiac magnetic resonance (CMR) was performed and no signs
of ARVD were found. The CMR showed, however, a late enhancement (after i.v.
gadolinium) centrally located in the left ventricle myocardium, a possible expression
of an extensive inflammatory process. The ejection fraction was measured to be 49%
(Fig. 23.3). Signal average ECG showed no presence of late potentials. At this stage
the diagnosis of probable myocarditis primarily affecting the LV was made.

Recommendations and Treatment

Recommendation to avoid intense physical exercise and refrain from training was
reiterated [1]. Drug treatment was also confirmed. A CMR-guided endomyocardial
biopsy [2-4] was discussed. We considered that inflammation of the myocardium
had lasted for at least 6 months and were afraid of a chronic course of the disease
and possible evolution into a dilated cardiomyopathy [5, 6]. In the meanwhile, the
athlete started to feel better and, despite medical advice, started to exercise again,
with 30 min on a bike at slow speed and with light weights. She refrains at present
from doing additional testing.
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Discussion

This case offers a number of matters for consideration regarding the challenging
diagnosis of myocarditis in a young athlete. Initially, suspicion for myocarditis
arose clinically from the evidence of recurrent flu and careful research for myocar-
dial lesion was performed. However, echocardiography failed to show morphologic
or functional abnormalities, and blood tests were also negative. The exercise test-
ing was performed without symptoms and only ventricular arrhythmia was present,
which was misjudged not to be of clinical relevance because it disappeared during
effort. When the clinical conditions of the athlete worsened, several clinical signs
were present, including reduced capacity on exercise testing (that was much more
remarkable in consideration of the previous superior capacity of the elite athlete),
the reduced LV systolic function and a marked increase in frequency of ventricu-
lar arrhythmias. At that time, echocardiography was still unable to show significant
morphologic alterations and only the CMR with late enhancement showed alter-
ations that were considered suggestive for inflammation within the LV myocardium.
Definitive evidence of myocarditis may be derived from histology and, for this rea-
son, an indication to myocardial biopsy was discussed with a view to advise appro-
priate treatment [2—-6]. However, in clinical practice, only a few athletes presenting
with signs compatible with diagnosis of myocarditis (such as frequent ventricular
arrhythmias and, even mild, LV dysfunction) eventually have a biopsy. So, in most
instances, the challenging diagnosis of myocarditis remains the responsibility of
the clinician, who also takes responsibility for consequent recommendations (with-
drawal from sport and appropriate treatment).
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Chapter 24
A 38-Year-Old Marathon Runner with Tricuspid
Valve Regurgitation

A.W. Treusch, O. Oldenburg, T. Butz, A. Friind, E. Oepangat, F. van Buuren,
and K.-P. Mellwig

Personal Medical History

This is a 38-year-old male marathon runner who presented in November 2006 in
our Heart Department for second opinion regarding the presence of tricuspid valvu-
lar regurgitation and implications for participation in marathon racing. The patient
reported no discomfort and trained regularly and without limitations. He reported a
previous diagnosis of valve disease in 2001 in a routine check-up by the local car-
diologist. Besides deep venous thrombosis after long flight in January 2005, there
were no relevant issues. He takes no medication, no drugs, or nicotine.

Family History

Mother and father suffer from systemic hypertension. There is no family history
of myocardial infarction, coronary artery disease, stroke, heart failure or sudden
cardiac death.

Type and Level of Sports Activity Performed

He is an ambitious leisure time marathon runner. The usual training schedule
included 10km distance runs, two to three times per week with a controlled heart
rate of 150—160 bpm. Best marathon running time is 4 h 20 min. He had no relevant
sport associated injuries.
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Physical Examination

The patient was a 38-year-old white male in no apparent distress. He was alert and
oriented to all qualities. Normal body-structure 174 cm, 89 kg. Heart was regular in
rate and rhythm with 56 bpm. The blood pressure was 102/90 mmHg. There were
normal heart sounds. A 2/6 systolic murmur was present on apex and Erb with
augmentation on deep inspiration. No diastolic murmur was fund. Pulses on both
sides were equivalent. No relevant findings on head, neck and throat. The lungs were
clear on auscultation. The palpation of the abdomen revealed no relevant findings.
No lymph nodes or suspect areas visible or palpable.

Patient referred a previous diagnosis of “valve disease” not better specified and,
based on physical examination, suspicion raised for tricuspid valve regurgitation.

Diagnostic Testing

12-Lead ECG

Regular sinus rhythm with 56 bpm, QRS main-vector 82°, pattern of incomplete
right bundle branch block, with QRS widening to 110 ms. No evidence for left or
right ventricular hypertrophy (Fig. 24.1a,b).

Echocardiography

Normal left ventricular (LV) dimensions without regional wall thickening. Nor-
mal LV cavity shape and dimensions. Normal systolic function, in the absence
of wall motion anomalies. Moderately dilated left atrium. Right ventricle and
right atrium showed moderate enlargement. Tricuspid valve (TV) appeared to be
morphologically normal, but moderate TV regurgitation was seen. Calculated pul-

Fig. 24.1a,b 12-lead ECG shows sinus rhythm with 56 bpm, QRS main-vector 82°, pattern of
incomplete right bundle branch block, with QRS widening to 110 ms. No evidence for left or right
ventricular hypertrophy



24 A 38-Year-Old Marathon Runner with Tricuspid Valve Regurgitation 171

monary pressure was at upper normal limits (PAP peak 32 mmHg) (Fig. 24.2). All
other valves were normal in morphology and function. There was a enhanced motion
of the interatrial septum, without Doppler signs of a shunt (Video 24.1).

Video 24.1a,b Two-dimensional and Doppler echocardiography (4-chamber apical view). Tricus-
pid valve (TV) appeared to be morphologically normal, but moderate TV regurgitation was seen.
There was a enhanced motion of the interatrial septum, without Doppler signs of a shunt

Fig. 24.2 CW Doppler
echocardiography recorded
from the 3rd intercostal space
of left sternal border. The
peak CW flow exceeds 3 m/s
and calculated pulmonary
artery pressure (PAP peak

32 mmHg) was at upper
normal limits

Treadmill — Exercise — Testing

Test performed on a treadmill starting at 8 km/h with increments of 2km/h per
3 min. Exhaustion after 12 min at 14 km/h. Heart rate at rest 89 bpm, at peak exer-
cise 193 bpm. Blood pressure at rest 120/90 mmHg, at peak exercise 180/60 mmHg.
Blood pressure and heart rate behaviour during exercise were normal. No pathologic
ECG changes during exercise were found. Oxygen consumption (VO,) at anaerobic
threshold was 42.1 mL/kg/min. Peak-VO, was 48.6 mL/kg/min representing 135%
of the predicted VO,-max. Lactate at rest 1.1 mmol/L, at peak 13.9 mmol/L.

In conclusion: no cardio respiratory limitation and excellent physical perfor-
mance (Fig. 24.3).

Cardiac Magnetic Resonance (CMR)

The LV dimensions and function were normal. Borderline left atrial dimensions.
There is mild right atrial and right ventricular enlargement. Moderate tricuspid
valve regurgitation was evident. No right-to-left- or left-to-right-shunts were fund
at level of atrial septum. No abnormal pulmonary veins, no sinus-venous-defect or
coronary-sinus-defect (Video 24.2).
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Fig. 24.3 Cardiopulmonary testing. Oxygen consumption (VO,) at anaerobic threshold was
42.1 mL/kg/min. Peak-VO, was 48.6 mL/kg/min representing 135% of the predicted VO,-max.
Lactate at rest 1.1 mmol/L, at peak 13.9 mmol/L

Video 24.2 Cardiac magnetic resonance. Cardiac dimensions were as follows. Left ventricle: EDD
55 mm, ESD 35 mm, EDV 138 mL, EDVi 68 mL/m2, ESV 45 mL, ESVi 22 mL/m?2, SV 93 mL, EF
67%. Right ventricle: EDD 42 mm, ESD 38 mm, EDV 271 mL, EDVi 133 mL/m?, ESV 109 mL,
ESVi 53 mL/m?, SV 162 mL, EF 60%

ECG Holter Monitoring

Sinus rhythm over the 24-h recording. Minimum heart rate of 42 bpm and a maxi-
mum heart rate of 189 bpm (during exercise). During night time sinus pauses were
observed up to 2.7 s during intermittent second degree, type 1 AV-Block. No other
rhythm disturbances were seen (namely, atrial fibrillation or tachyarrhythmias).
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Laboratory Results

Normal values for electrolytes, liver, renal, CRP, cholesterols, BNP, urine analysis,
White blood count, Haemoglobin, platelets, coagulation, iron, thyroid and HbA1,
HbAlc.

Diagnosis and Recommendations

Final diagnosis was idiopathic, moderate tricuspid valve regurgitation with no signs
of right ventricular dysfunction or pulmonary hypertension. This condition was con-
sidered compatible with the athlete lifestyle and, specifically, did not represent, per
se, sufficient reason for stopping running training and competition. However, con-
tinued clinical surveillance was needed and periodical follow-up was requested.

Discussion

According to the results of diagnostic testing, the case presented here had a moder-
ate regurgitation of the tricuspid valve, on a morphologically normal valve, without
significant increase in pulmonary pressure, which does not require medical or surgi-
cal treatment. Discussion was focused on the potential impact of the continued sport
activity on the natural course of this abnormality, i.e., the potential worsening of the
valve lesion due to hemodynamic overload associated with long-distance running.
In the absence of definite information on this field, we carefully considered the pros
and cons of our decision; in particular, we believed unlikely that long-distance run-
ning up to 10 km in an amateur athlete may cause substantial worsening of the valve
dysfunction; therefore, the patient was informed that sport activity can be continued.
However, we also believed prudent to follow periodically the patient and required a
close monitoring (every 6 months). The patient was fully informed of the considera-
tions surrounding his case and, finally, endocarditis prophylaxis was recommended
according to standard protocol [1].
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Chapter 25
A Young Rower with an Unusual Left
Ventricular Hypertrophy

Filippo M. Quattrini, Fernando Maria Di Paolo, Cataldo Pisicchio,
Roberto Ciardo, and Antonio Pelliccia

Family and Personal History

This 18-year-old male, elite rower was referred for cardiologic evaluation to our
Institution for the presence of abnormal repolarization pattern on the 12-lead ECG,
performed elsewhere in the setting of national preparticipation screening program.
The athlete was engaged in daily training sessions of approximately 6 hours(h),
mostly on the water but also in the gym. He had competed in several international
events, including Olympic Games, and was gold and silver medallist in the World
Rowing Championship. The personal history was negative for symptoms or car-
diac disease. The father had systemic hypertension with mild renal dysfunction. No
other known cardiovascular diseases or premature (<50 years) sudden cardiac death
among relatives were reported.

Physical Examination

On physical examination weight was 92 kg, height 1.82 m and blood pressure was
120/70 mmHg. No heart murmurs or abnormal sounds were present at cardiac aus-
cultation.

12-Lead ECG

The 12-lead ECG showed sinus rhythm. Marked repolarization abnormalities with T
wave inversion in anterior precordial leads, from V1 to V4, and flattened T wave in
V5 were present. In addition, minor right ventricular conduction delay was observed
(Fig. 25.1).
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Fig. 25.1 12-lead rest ECG recorded in the athlete during training period. Repolarization abnor-
malities are present in anterior precordial leads (V1 to V4)

Echocardiography

Echocardiography showed mild Left Ventricular (LV) hypertrophy, homogenously
distributed, with maximum LV wall thickness of 13 mm on anterior and posterior
ventricular septum. LV end-diastolic cavity dimension was 50 mm. Systolic func-
tion was normal (EF 65%) in the absence of wall motion abnormalities. No alter-
ation of filling pattern was observed with trans-mitral Doppler echocardiography
(Fig. 25.2). No abnormalities in right ventricular morphology or wall motion sug-
gestive for arrhythmogenic right ventricular cardiomyopathy were observed.

Exercise Testing

On exercise testing performed with cycloergometer, starting from 40 W with incre-
ments of 40 W every 2min, the athlete reached 280 W, with maximum heart
rate 170bpm and with normal behavior of blood pressure (at peak exercise:
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Fig. 25.2 a,b Two-dimensional echocardiographic view from the parasternal long axis (a) and
short axis (b) of left ventricle. ¢ M-mode dimensions of the ventricular septum, posterior free wall,
and end-diastolic cavity size of left ventricle. d The trans-mitral Doppler flow

200/80 mmHg). No arrhythmias were observed during exertion. The repolariza-
tion pattern with T-wave inversion in precordial leads remained unchanged during
exertion, without ST-segment changes and no symptoms suggestive for inducible
ischemia.

In consideration of the presence of abnormal ECG pattern and LV hypertrophy,
with the aim to exclude the presence of hypertrophic cardiomyopathy (HCM) and
achieve evidence that morphological LV characteristics were compatible with “ath-
lete’s heart”, we required the athlete to stop training and competition for a short
period.

Detraining

After 3 months of complete detraining the athlete was re-evaluated in our Institu-
tion. The 12-lead ECG, although not completely normal, showed reduction of repo-
larization abnormalities previously observed in precordial leads V4-V5 (Fig. 25.3).
Echocardiography showed partial regression of LV hypertrophy (maximum LV wall
thickness decreased from 13 to 11 mm) and a trivial increment of LV end diastolic
dimension (from 50 to 52 mm; Fig. 25.4). Based on these findings, we believed that
LV hypertrophy observed in this case was a consequence of a physiologic cardiac
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Fig. 25.3 12-lead resting ECG recorded in the same athlete after 3 months of detraining. Repolar-
ization abnormalities in anterior precordial leads (V1 to V4) are partially regressed

adaptation to intensive training, and the athlete was allowed to resumed full com-
petitive sport.

Clinical Course

Over the subsequent 8 years of follow-up, during which serial cardiologic evalua-
tions were performed, including repeated 12-lead ECGs and echocardiograms, no
significant changes in the ECG pattern or changes in LV dimensions were observed,
and athlete remained asymptomatic. After 8 years of continued athletic career, at age
of 27 years, the athlete referred de novo occurrence of palpitations during exercise.

Additional Diagnostic Testing

A new cardiologic evaluation was therefore performed, including exercise test-
ing and echocardiography. During exercise testing, the athlete developed the
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Fig. 25.4a—c Two-dimensional echocardiographic views and M-mode dimensions from the same
athlete after 3 months of detraining. a Parasternal long axis view. b Parasternal short axis view.
¢ M-mode derived LV dimensions

same symptoms as recently experienced, which corresponded to a short, fast run
(190 bpm) of wide QRS tachycardia on the electrocardiogram (Fig. 25.5). Echocar-
diography confirmed the presence of mild LV hypertrophy (maximum LV wall
thickness 13 mm), as previously observed, normal LV cavity size and, for the first
time, a mild systolic anterior motion (SAM) of mitral valve (Video 25.1).

Video 25.1 Two-dimensional echocardiographic long-axis and short-axis views of the same ath-
lete at the most recent evaluation showing mild SAM (A) and mild, diffuse LV hypertrophy (max-
imum LV wall thickness 13—14 mm)

Additional testing was performed, including exercise nuclear scintigraphy, which
showed normal myocardial perfusion and normal LV systolic function at rest and
during exercise. The ventriculo coronaro-angiography did not show any significant
lesion of coronary vessels, but a short and non-occluding myocardial bridge on distal
portion of left anterior descending coronary artery was evident (Fig. 25.6).

Diagnosis and Recommendations
The presence of abnormal repolarization pattern on 12-lead ECG, LV hypertrophy

with initial SAM of the mitral valve, in association with myocardial bridge and
exercise-induced tachyarrhythmia were judged consistent with a probable diagnosis
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of HCM. Therefore, the athlete was disqualified from competitive sport according
to the Italian and European recommendations, closely resembling those reported by
the Bethesda Conference #36 [1, 2].

Discussion

This case illustrates one of the most compelling issue that arises in sports cardiolo-
gist practice: i.e., the differential diagnosis between physiological LV hypertrophy
and mild phenotypic expressions of HCM. The diagnosis of HCM was controver-
sial in this case, in consideration that a mild LV hypertrophy was expected to be
present in a highly trained athlete and the repolarization changes in the 12-lead
ECG are not an uncommon finding in elite athletes [3]. However, certain character-
istics of this case were not consistent with diagnosis of athlete’s heart and should
have raised suspicion for a non-physiologic LV hypertrophy. On initial evaluation,
LV cavity dimension was within normal limits (and not enlarged, as expected in a
highly trained rower) in spite of a substantial thickening of LV wall and, moreover,
LV cavity size did not reduce after detraining. In this case, our diagnosis of physio-
logic LV hypertrophy was mostly based on the reduction of LV wall thickness after
detraining [4]. Indeed, none of the common alterations of HCM were present at that
time, such as left atrial enlargement, alteration of diastolic filling pattern, or systolic
anterior motion of mitral valve [5, 6].

With regard to ECG changes, this finding was not unexpected. In a previous
study of a large cohort of elite athletes, Pelliccia reported prevalence of abnormal
ECG patterns in 60%, including 14% with distinctly abnormal ECGs [7]. In a more
recent study, the same author [8] reported that athletes showing distinctly abnormal
patterns, such as that described in our case, may develop morphologic evidence of
cardiomyopathies (mostly HCM) during a long period of follow-up. Therefore, it
may be that morphologic cardiac changes suggestive for HCM may require a long-
term follow-up before being clearly evident [8]. Another point to be considered was
the localization of ECG repolarization abnormalities in anterior precordial leads,
from V1 to V4, which suggested right ventricular abnormalities (absent at imaging
testing).

The diagnosis of probable HCM in this athlete was based on the presence of mild
LV hypertrophy, systolic motion of mitral valve and myocardial bridging. Myocar-
dial bridging occurs in patients with HCM, with a prevalence as high as 30% [9]. In
young HCM patients, presence of myocardial bridging is associated with chest pain,
cardiac arrest and ventricular tachycardia. No association is reported between pres-
ence and length of myocardial bridging and the extent of LV hypertrophy [10, 11].

Finally, our decision for disqualification was also based on the recognition
that sport activity may itself represent a risk for acute cardiac events (including
sudden death). This could be promoted by specific variables related to stress of
sports, e.g., electrolyte imbalance, hemodynamic and autonomic changes, as well
as other still undefined mechanisms. Therefore, a competitive athlete with HCM
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judged to be “low risk” in the absence of traditional risk markers, may never-
theless be at unacceptably increased risk solely by virtue of involvement in high
intensity competitive sports, as shown by the tragic case of the soccer player Marc
Vivien Foé [12].
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Chapter 26
An Elite Athlete with Controversial Left
Ventricular Hypertrophy

Barbara Di Giacinto, Fernando Maria Di Paolo, and Antonio Pelliccia

Medical History

This 17-year-old male athlete underwent cardiovascular evaluation in our Institute
for the first time in 1995, selected as member of the national swimming team, based
on his excellent athletic results. In the personal history no cardiac symptoms or
previous cardiovascular diseases were reported. The family history was negative for
known cardiovascular diseases and sudden cardiac death in close relatives.

Physical Examination

On physical examination there was a healthy male, height 182 cm, weight 78 kg,
blood pressure 120/80 mmHg. Cardiac sounds were normal; a mild systolic murmur
over the left ventricular (LV) outflow tract was noted.

12-Lead ECG

The ECG showed normal sinus rhythm with 58 bpm; PR interval was 0.16 s and cor-
rected QT interval was 0.42 s. No significant morphologic abnormalities were noted,
with possible exception of mildly inverted T wave in aVL, and biphasic in periph-
eral lead I and in V2 and small Q wave in standard leads III and aVF (Fig. 26.1).

Echocardiography

On echocardiogram LV cavity was within normal limits (end-diastolic diameter =
50 mm) with normal shape, maximum walls thickness 11—12mm in the anterior
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Fig. 26.1 12-lead ECG of the athlete recorded at initial evaluation (1995): normal sinus rhythm
is present with 58 bpm; PR interval is 0.16 s and corrected QT interval is 0.42 s. Mildly inverted T
wave in aVL, in V2 and small q wave in standard leads III and aVF are evident

ventricular septum (Fig. 26.2). LV systolic function was normal (EF = 62%), in
the absence of wall motion abnormalities. Normal LV filling pattern was seen at
Doppler echocardiography. No anomalies were observed in the right ventricle. The
overall picture was considered consistent with athlete’s heart and the athlete was
cleared for competitive sport participation.

Clinical Course

In the following years, the athlete continued his career as an elite competitor by par-
ticipating at World Championships and Olympic Games, with outstanding achieve-
ments. At the same time, usually before participation in these events, he underwent
periodical cardiovascular evaluations in our Institute. No changes were noted in the
12-lead ECG pattern and echocardiographic findings and no cardiovascular symp-
toms or events in the family members occurred until 2001 (7 years after the initial
evaluation, at age of 24). At that time, the athlete reported rare and occasional feel-
ing of irregular heart beats.

The ECG Holter monitoring was then performed and 175 premature ventricular
beats (PVBs) with two morphologies were recorded in 24 h. The exercise testing
showed a few, isolated PVBs, in the absence of other ECG abnormalities. Echocar-
diography demonstrated a thickened ventricular septum (maximum wall thickness
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Fig. 26.2a—c Two-dimensional echocardiogram of the athlete at initial evaluation (1995). a The
parasternal long axis view. b Parasternal short axis view. ¢ The four chamber view. LV cavity
shows a normal size (end-diastolic diameter = 50 mm), with normal shape and mildly increased
walls thickness (maximum wall thickness = 11—12 mm in the anterior ventricular septum)

= 13 mm), with normal cavity size and shape. LV systolic function was normal
(ejection fraction 70%) and diastolic filling pattern was normal. The overall pat-
tern was still considered consistent with physiologic cardiac remodeling induced by
intensive athletic conditioning. However, a close follow-up (every 6 months) was
required.

In the subsequent 1-year period the athlete underwent serial evaluations, includ-
ing repeated 24-h ECG Holter monitoring and echocardiograms. One of these Holter
monitoring showed a short episode of NSVT (Fig. 26.3), one couplet of PVBs and
two isolated PVBs. No changes were seen in the resting 12-lead ECG or in cardiac
morphology as assessed by echocardiography.

The arrhythmia was not considered, per se, sufficient reason for disqualifica-
tion and the athlete continued his successful career with periodical controls. Several
ECG Holter monitoring performed over 2 subsequent years showed rare PVBs.

On October 2003, at age of 26, the athlete underwent a cardiovascular con-
trol before his participation in the 2004 Olympic Games. At that time, the 12-lead
ECG pattern was unchanged. However, certain alterations were observed at echocar-
diography: LV cavity appeared relatively smaller than previously observed (end-
diastolic diameter = 48 mm), associated with more substantial wall thickening,
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Fig. 26.3a,b 24-h ECG Holter monitoring recorded during the follow-up. a One couplet of PVBs
is shown. b A short episode of NSVT (6 beats; minimum RR interval 390 ms)

which appeared to affect disproportionately the ventricular septum and anterior free
wall (maximum wall thickness = 14 mm). LV systolic function and diastolic filling
pattern were still normal (Fig. 26.4, Videos 26.1, 26.2, and 26.3).

The morphologic features raised suspicion for a non-physiologic LV hypertro-
phy, and diagnosis of hypertrophic cardiomyopathy (HCM) was debated. The ath-
lete was informed of the clinical suspicion and potential implication regarding his
athletic career and he decided to have a different opinion by several consultant cardi-
ologists. In the course of the cardiologist consultations, new diagnostic testing were
performed.

Cardiac magnetic resonance showed a more substantial hypertrophy than seen
with echocardiography, i.e., the anterior free wall and anterior ventricular sep-
tum were disproportionately thickened (18—24 mm) in comparison to posterior
and inferior free wall (11—14 mm). Indeed, delayed hyper-enhancement with post-
gadolinium was seen within the hypertrophic septum, suggesting presence of intra-
myocardial fibrosis.

Myocardial biopsy was done in four specimens. Myocardial disarray with
myocytes architecture displaced by increased interstitial fibrosis and hypertrophic
myocytes were seen. Large perivascular fibrosis and spotted focal areas of fibrous
replacement were present. Some of the arterioles showed a moderate thickening
of the media layer. The overall histologic pattern was consistent with diagnosis of
HCM.
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Fig. 26.4a—c Two-dimensional echocardiogram of the same athlete at most recent evaluation
(2003). a The parasternal long axis view. b Parasternal short axis view. ¢ The four chamber view.
LV cavity appears relatively smaller than previously measured (end-diastolic diameter = 48 mm),
associated with more substantial wall thickening, which appeared to affect disproportionately the
ventricular septum and anterior free wall (maximum wall thickness = 14 mm)

Videos 26.1-3 Comparative echocardiographic views of the same athlete recorded in 1995 and
2003. In the 1995 study, LV cavity is of normal size (end-diastolic diameter = 50 mm) with normal
walls thickness (11—12 mm) and normal function

Genetic study: DNA analysis of MYBPC3 gene was performed to assess the pres-
ence of gene abnormalities potentially responsible for HCM. A mutation in myosin
binding protein C was found, with change GAA>CAA in esone 17 (E542Q).

Family screening: both parents and brother underwent cardiac screening for
HCM. The brother, 30 years old, and the father, 52 years old, showed normal 12-lead
ECG and echocardiography. The mother, aged 50, showed a normal 12-lead ECG;
on echocardiography LV cavity size was normal, but wall thickness was 11—12 mm
in the posterior ventricular septum, and prominent papillary muscles and enlarged
left atrium (transverse diameter, 43 mm) were observed. These phenotypic findings
were judged compatible, although not diagnostic, with mild phenotypic expression
of HCM.
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Diagnosis and Recommendations

The final diagnosis was HCM and, based on the widely accepted recommendations
for athletes with CV disease [1, 2], the athlete was disqualified from competitive
sport participation. Consequently, he retired from training and competitions and
spend his athletic experience in the training and management of young athletes.
No symptoms or events had occurred after cessation of the athletic career during the
subsequent 4-year period.

Discussion

This case shows how difficult can be the differential diagnosis between athlete’s
heart and HCM in an individual athlete, in particular when the phenotypic expres-
sion of HCM is characterized by only mild LV hypertrophy. The suspicion of HCM
in this athlete did not arise at first evaluation, despite mild changes noted on the 12-
lead ECG and echocardiography. Specifically, the 12-lead ECG showed the selec-
tive presence of inverted T wave in aVL, which is not common pattern in trained
athletes. No concern arose either from the presence of a mild q wave in inferior
standard leads. These mild changes were considered at that time as consistent with
the athlete’s heart.

In young patients with HCM, however, ECG abnormalities may for a long time
precede the phenotypic appearance of the disease [3, 4]. Recent data from our group
showed that athletes with abnormal repolarization pattern, in the absence of morpho-
logic evidence for cardiac disease, may develop over time morphologic and clinical
evidence of arrhythmogenic cardiomyopathies responsible for adverse events (such
as cardiac arrest) [5]. Therefore, an abnormal ECG pattern in an athlete with bor-
derline LV hypertrophy mandates serial clinical and imaging controls. The echocar-
diographic features of this athlete (normal LV cavity with mild LV wall thickening)
were interpreted for long time as consequence of the athletic conditioning and did
not raise clinical concern [6, 7]. However, the morphologic LV pattern observed
in this athlete was somehow different from that usually observed in other elite
swimmers. In the patient’s teammates, the LV cavity dimension was usually more
enlarged (i.e., end-diastolic dimension >54 mm), in the presence of similar LV wall
thickening (maximum 11 or 12 mm).

The premonitory marker for the underlying structural cardiac disease was the
presence of rare but complex ventricular arrhythmia, which occurred several years
before the appearance of morphologic cardiac changes. Diagnosis became evident
in the follow-up only with different diagnostic testing, namely cardiac magnetic
resonance. By this technique, a more substantial LV wall thickening than observed
by echocardiography was seen, with prominent LV hypertrophy in the anterior free
wall, area which was poorly visualized by echocardiography. This observation sup-
ports the added value of cardiac magnetic resonance when the interpretation of
LV hypertrophy is controversial. Indeed, the evidence of late hyper-enhancement
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together with the presence of myocardial fibrosis was further support for HCM
diagnosis [8].

The finding of gene abnormality made unequivocal the interpretation of previ-
ous diagnostic testing. However, gene analysis was performed late in the diagnostic
course, when diagnosis of HCM was already done based on imaging technique and
histology assessment. The gene analysis was positive for myosin binding protein C
mutation, which anomaly is not uncommonly found in patients with late develop-
ment of LV hypertrophy in adult age [9, 10], such as was the case with this athlete,
who showed wall thickening increasingly late in adult age.

Another consideration which is related to this case is the potential role of a con-
tinued athletic career in triggering (or enhancing) the phenotypic expression of the
underlying gene abnormality: although there is no proof, we cannot exclude that
continued participation in training and competition might have an impact in promot-
ing LV wall thickening. Late development of LV hypertrophy in athletes suggests
continued clinical surveillance (with imaging testing) in young individuals with bor-
derline, controversial LV hypertrophy.

When diagnosis of HCM was unequivocal, the decision to disqualify the ath-
lete from competition was controversial on clinical ground. In fact, the athlete was
asymptomatic, the family history was negative for sudden death, the LV hypertro-
phy was only mild, the arrhythmia was rare and the hemodynamic response to exer-
cise testing was excellent. According to the usual criteria for risk stratification in
HCM, this athlete should have considered at “low risk”. The question arose there-
fore whether we had the right to interrupt his superb athletic career (with loss of all
benefits, including economic revenues) just before the Olympics.

We based our decision on the current recommendations, i.e., the Italian Guide-
lines, the ESC and BC #36 Recommendations [1, 2], which state that athletes with
HCM should be excluded from most competitive sports (with the possible excep-
tion of those characterized by low static, low dynamic intensity, such as golf). These
recommendations are based on the assumption that competitive sports participation
may itself constitute a risk factor for sudden death in HCM, usually due to ventric-
ular tachyarrhythmias in susceptible young individuals [11]. Sudden death could be
promoted by specific variables related to stress of sports, e.g., electrolyte imbalance,
hemodynamic and autonomic changes, as well as other still undefined mechanisms.
A competitive athlete with HCM judged to be “low risk™ in the absence of traditional
risk markers may nevertheless be at unacceptably risk solely by virtue of involve-
ment in high intensity competitive sports, as was shown by the sudden death of the
professional soccer player Marc Vivien Foeé from Cameroon [12].
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Chapter 27
A Non-compaction Cardiomyopathy or Innocent
LV Trabeculation?

Cataldo Pisicchio, Filippo M. Quattrini, Fernando Maria Di Paolo, Roberto
Ciardo, and Antonio Pelliccia

Medical History

This is a 17-year-old male, elite tennis player. The athlete has been playing at
national level since the age of 12, participating in several national and international
events. For his results, he was selected for inclusion in the Italian national team.
Therefore, he underwent medical evaluation in our Institute, in accord to the man-
date of the Italian National Olympic Committee. The athlete had been previously
evaluated and cleared at national pre-participation screening program. His training
program included daily training sessions of approximately 7 hours (h).

Family and Personal History

The personal history was negative for cardiovascular diseases and symptoms. The
mother had systemic hypertension. No other cardiovascular diseases or known cases
of premature (<50 years) sudden cardiac death among close relatives were reported.

Physical Examination

On physical examination his weight was 71 kg, height 1.76 m and blood pressure
125/80 mmHg. No murmurs or abnormal heart sounds were present at cardiac aus-
cultation.
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Fig. 27.1 12-lead ECG showing sinus rhythm of 58 bpm and normal morphology; i.e., absence of
conduction delays, atrial enlargement or repolarization abnormalities

12-Lead ECG

12-lead ECG showed sinus rhythm with a mean heart rate 55bpm. Nor-
mal cardiac electric axis, normal AV conduction (PQ 0.17s) and normal QTc
interval (0.38s) were observed. No repolarization abnormalities were evident
(Fig. 27.1).

Exercise Testing

On exercise testing performed with bicycle-ergometer, starting from 40 W with
increments of 40 W every 2 min, the athlete reached 240 W, with maximum heart
rate 174bpm and normal blood pressure (at peak: 200/80 mmHg) (Fig. 27.2).
Only two premature ventricular beats (PVBs), with a left bundle branch block
and superior axis morphology were observed during the recovery period. Normal
ST-segment pattern and T-wave were observed, and no symptoms were induced by
exercise. In order to exclude the presence of more serious ventricular arrhythmia
occurring during the specific athletic activity, we decided to obtain a 24-h ECG
monitoring.

24-h ECG Holter Monitoring

Only two supraventricular premature beats (SVPBs) and no ventricular arrhythmias
were present at 24-h Holter monitoring, including a specific tennis session lasting
for about 2 h.
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Fig. 27.2 12-lead ECG at peak of exercise. The ST-T pattern is normal and no arrhythmias were
found

Signal Averaging ECG

The exam was negative for the presence of ventricular late potentials (Fig. 27.3).

Echocardiography

Echocardiographic findings showed normal left ventricular (LV) end-diastolic cav-
ity size (55 mm) with wall thickness within normal limits (anterior and posterior
ventricular septum 11 mm and posterior free wall 10 mm). Global systolic function
was normal (EF 62%) in the absence of wall motion abnormalities. Normal filling
pattern was detected by trans-mitral Doppler echocardiography. Within LV cavity,
at mid-apical level of anterior, lateral, posterior and inferior walls, multiple trabec-
ulations, deep intertrabecular recesses communicating with the ventricular cavity
were observed. Prominent trabecular network was seen in the right ventricle, too.
(Fig. 27.4; Video 27.1 a,b).

Video 27.1 a,b Two-dimensional short axis echocardiographic view of left ventricle at level of
middle-apical region. A large area of pseudo-hypertrophy is evident, with recesses and trabecula-
tions. ¢,d Subcostal and four-chamber apical echocardiographic views
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Video 27.2 a,b The CMR (short axis view (a) and horizontal long-axis view (b)) confirms the evi-
dent trabecular pattern within the left and right ventricular cavities, without evidence of myocardial
recesses or isolated thinning of the myocardial walls
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Fig. 27.3 Signal averaging ECG showing absence of late potentials

Cardiac Magnetic Resonance (CMR)

This testing confirmed the evidence of prominent trabecular meshwork at level
of middle and apical region, without images suggestive for non-compaction
myocardium. The right ventricle presented prominent trabecular network, too. No
evidence of signal intensity alteration within LV myocardium were observed. The
LV showed normal absolute cavity dimensions with wall-thickness at upper normal
limits. No global systolic dysfunction or segmental wall motion abnormalities were
found (Fig. 27.5; Video 27.2 a,b).

Diagnosis and Recommendations

Based on the results of CMR the diagnosis of LV noncompaction was unlikely and
we defined this morphologic pattern as prominent trabeculations in the absence of
familial and clinical evidence of the disease. In consideration of the absence of
symptoms and family occurrence of cardiomyopathies, the normal 12-lead ECG
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Fig. 27.4 Two-dimensional short axis echocardiographic view of left ventricle at level of apical
region, just below the papillary muscles. A large area of pseudo-hypertrophy is evident at level of
lateral and inferior wall, with recesses and trabeculations

Fig. 27.5 Cardiac magnetic
resonance. In the distal region
of both the left and right
ventricular cavities, a large
trabecular pattern is evident.
The prominent trabecular
patterns expands towards the
cavity, but no thinning of the
free ventricular walls are
evident

pattern, absence of arrhythmias and excellent cardiovascular adaptation to effort,
we believed that there were no reason to disqualify the athlete from competition
and, therefore, we cleared him with the recommendation to have serial, periodical
controls.
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Discussion

LV non-compaction (LVNC) is considered as unclassified cardiomyopathy [1-3],
characterized by spongy myocardium, consequence of incomplete myocardial mor-
phogenesis, with persistence of trabeculations and deep recesses. On the basis of
echocardiographic studies, its prevalence has been estimated to be 0.05% in the
general population [4]. Familial cases account for up to 50% of cases in various
published series, and the inheritance mechanism is autosomal dominant in majority
of such cases. X linked or mitochondrial transmission was also found [5-7]. Diag-
nosis of non-compaction myocardium can be made by echocardiography. Criteria
for diagnosis are the presence of multiple trabeculations, with deep recesses com-
municating with the ventricular cavity [8—12] and an increased ratio between non-
compacted to compacted wall in systole (>2.0 in adults and >1.4 in children.).
In our case, suggestive echocardiographic images for non-compaction myocardium
were present. The present case underlines the challenge of differential diagnosis in
borderline cases, where morphologic appearances are at border of criteria to iden-
tify non-compaction myocardium and differentiate from trabeculations, which can
represent an innocent variant of normal LV morphology.

In our case, we relied most on CMR imaging, which showed a prominent tra-
becular meshwork in the middle to apical region of LV, without clear images
of thinning LV wall and non-compaction myocardium. The CMR is supposed
to have superior imaging quality than echocardiography [13-15], and the ratio
of non-compacted to compacted myocardium (NC/C ratio) of >2.3 in diastole
has been proposed as threshold for diagnosis of pathological non-compaction
(with values for specificity and negative predictions of 99%) [16]. In our ath-
lete, despite the echocardiographic images suggestive for LV noncompaction, no
other typical structural cardiac abnormalities were present [17-19], and the ECG
pattern was normal, without changes commonly associated with non-compaction
(T wave inversions, WPW pattern, arrhythmias, or conduction abnormalities)
[20, 21]. Finally, no clinical manifestations commonly reported in LVNC, such
as heart failure, ventricular tachycardia, cardio-embolic events, or syncope were
present in our case [22-25]. At present, no definite recommendations are avail-
able for these patterns, at the border between pathologic LV non-compaction and
prominent but innocent LV trabeculation. Therefore, caution in applying the present
example to clinical practice is needed, and efforts should be made by the examining
physician to tailor precise advice to a single athlete-patient. In the future, additional
information may also derive from DNA testing: search of the genes G4.5, FKB12
and Alpha-Dystrobrevin seems to be associated with LV noncompaction [26-28].
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Chapter 28
A 31-Year-Old Male, Recreational Soccer Player
with “Low Risk” Hypertrophic Cardiomyopathy

Pietro Delise

Medical History

This is a 31-year-old male, amateur soccer player. The family history was positive
for hypertrophic cardiomyopathy (HCM), which was initially identified in the grand
father and subsequently in the father. His grandfather died at 52 years of age from
cardiac failure. His father is still alive, 65 years old, with a well tolerated perma-
nent atrial fibrillation. The patient medical history started with a syncope at age
of 6, when for the first time he underwent a comprehensive cardiovascular evalua-
tion, which showed presence of obstructive HCM. Then, at age of 9, he underwent
miotomy-miectomy for removal of the obstruction localized at basal portion of the
ventricular septum. Subsequently, he had remained asymptomatic and without lim-
itation in his usual day-to-day life, including participation in recreational soccer
games. For that reason, at the age of 29 years he underwent a medical control.

Physical Examination

The physical evaluation was unremarkable. No murmurs or abnormal sounds were
found. Brachial arterial pressure was 130/80 mmHg.

12-Lead ECG

The 12-lead ECG showed normal sinus rthythm. The ECG pattern was suggestive for
left atrial enlargement and increased R/S wave voltages in precordial leads V2—V5
compatible with LV hypertrophy (Fig. 28.1).

P. Delise (X))

Department of Cardiology, Ospedale di Conegliano, Hospital of Santa Maria dei Battuti, Via Flisati
66, 30171 Mestre (Venezia) Conegliano, Italy

e-mail: pietro.delise @libero.it

A. Pelliccia (ed.), Sports Cardiology Casebook, 199
DOI 10.1007/978-1-84882-042-5_28, © Springer-Verlag London Limited 2009



200 P. Delise

d(u/L

3

ikl

Mm—*rfﬁ“”—ﬁ m

RSB T e

Fig. 28.1 12-lead ECG shows normal sinus rhythm. The ECG pattern shows P wave changes sug-
gestive for left atrial enlargement and increased R/S wave voltages in precordial leads compatible
with LV hypertrophy

Echocardiography

The LV diastolic cavity dimension was 46 mm, ventricular septum 19 mm, posterior
free wall 9 mm, left atrium diameter 45 mm. Systolic function was within normal
limits (EF = 55%). The study of diastolic function at transmitral Doppler flow and
Tissue Doppler Imaging showed mild impairment of LV filling and relaxation.

Exercise Testing

The test was performed on the bicycle ergometer and the subject was able to achieve
a peak workload of 200 W, with maximum heart rate 165 bpm, brachial arterial pres-
sure 205/80 mmHg, in the complete absence of symptoms, ECG abnormalities of
repolarization pattern, or arrhythmias.

ECG Holter Monitoring

The 24-h ECG Holter monitoring showed mean heart rate 64 bpm, 23 supraven-
tricular premature beats, 357 ventricular premature beats and 3 ventricular couplets
(shortest RR interval 400 ms).
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Diagnosis and Recommendations

Diagnosis of HCM was confirmed on the basis of familial evidence and histology at
the time of myotomy-myectomy. The patient was considered to be at low risk, based
on the absence of symptoms and arrhythmias, normal blood pressure behaviour dur-
ing exercise, mild LV hypertrophy and good physical performance. Therefore, he
was reassured regarding the clinical course of the disease. Indeed, according to the
ESC and Italian guidelines (which closely resemble the BC#36) competitive sport
participation was denied [1, 2], but recreational sport activities (including soccer)
was permitted.

Clinical Course

About 18 months after the medical evaluation the patient had a syncope while play-
ing soccer. Emergency team was promptly requested and reached the place in about
Smin. A 12-lead ECG was recorded which showed ventricular fibrillation. Resus-
citation manoeuvres were immediately started and defibrillation initiated. Over
15 shocks were delivered with only transient sinus rhythm resumption and rapid
degeneration into ventricular fibrillation. Finally a stable sinus rhythm was obtained
with ST segment elevation in anterior leads (Fig. 28.2), but the patient went into
electromechanical dissociation and died.

Fig. 28.2 12-lead ECG recorded during the resuscitation manoeuvre, after DC shock, shows
sinus rhythm with prominent ST-segment elevation in anterior precordial leads and corresponding
ST-segment depression in the lateral, inferior standard leads
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Fig. 28.3 Autopsy specimen
shows increased ventricular
septum thickness (maximum
thickness = 25 mm). Multiple
small areas of fibrosis are
evident in the postero-septal
region of the ventricular
septum

Autopsy Findings

The heart weight was 850 g. Maximum thickness measured at ventricular septum
was 25 mm (Fig. 28.3). Multiple small areas of fibrosis were seen in the postero-
septal region of the left ventricle, and were confluent into a large central area. On
histology, diffuse contraction bands were detected. Coronary arteries were of normal
size and free of significant atherosclerotic lesions.

Discussion

This patient was affected by familial HCM. The first manifestation of the disease
occurred during childhood, with symptoms related to LV obstruction, which even-
tually justified surgery treatment. After septal myotomy-myectomy, he conducted a
fairly normal life; namely, he had no symptoms and he was even able to participate
in leisure time sport activities without limitations. At the time of our evaluation the
athlete showed only mild LV hypertrophy, no evidence of LVOT obstruction and no
significant arrhythmias either at rest or during maximal effort. Furthermore, he toler-
ated a high work load (i.e., 200 W) during exercise testing. The overall clinical pic-
ture was therefore consistent with a “low risk” HCM and persuaded his physician to
allow participation in amateur sport activities, including soccer. Sudden death, how-
ever, occurred unexpectedly during effort due to ventricular fibrillation and, despite
sinus rhythm restoration by prompt defibrillation, electro-mechanical dissociation
ended in cardiac arrest. The autopsy demonstrated areas of post-necrotic fibrosis (in
the presence of normal coronary arteries) and confirmed that silent small infarcts
and recurrent episodes of ischemia had occurred during life. The ischemia-related
fibrosis likely represented the morphologic substrate for occurrence of re-entry
malignant tachyarrhythmia.

In conclusion, certain comments are relevant to this case, and are common to
most young HCM patients:
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N =

The occurrence of sudden death in an HCM patient is unpredictable.

. The absence of arrhythmias induced by laboratory testing (i.e., ECG Holter mon-

itoring, exercise testing) does not reliably predict (or exclude) future occurrence
of malignant ventricular arrhythmias.

. The absence of symptoms (either at rest and during effort) does not warrant a

low risk for cardiac arrest.

In young HCM patients engaged in sport activity the risk of sudden death cannot
be assessed uniquely on commonly used clinical criteria. Sport activity repre-
sents, per se, a powerful risk factor in HCM patients, and can trigger sudden
death by some exercise-related mechanisms (i.e., alteration in blood volume,
hydration and electrolytes, as well as autonomic nervous changes) [3—5]. There-
fore, competitive sport activity (with possible exception of certain low intensity
activities) should be denied in young patients with HCM.

. When cardiac arrest occurs in HCM patients, resuscitation is difficult and only

occasionally successful, even in young patients without evidence of coronary
flow impairment.
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Chapter 29
Competitive Cyclist Suffering from Myocardial
Infarction, Willing to Resume Competitive Sport

Mats Borjesson

Family and Personal History

This is a 44-year-old male, with no known congenital or other cardiovascular
diseases in the family. No known cases of premature (<50 years) sudden cardiac
death among close relatives. No known risk factors for cardiovascular disease and
he denied any drugs abuse.

Athletic History

The patient had participated in leisure-time sport activities for many years, including
tennis and squash. He also participated in bicycle races for many years, but not at
elite level. However, during the previous 6 years the patient had spent progressively
more time in bicycle training and during the 3 years he had started to be engaged at
competitive level in national and international bicycle races.

Medical History

In the summer of 2006, he participated in a race in Italy lasting for several, consec-
utive days. He had been racing for 4 days without symptoms. On the Sth day, the
weather was extremely hot and the course of the race was particularly tough with
a climb up to 2400 m. During the greater part of the race the heart rate (as moni-
tored by a Polar device) was quite high, and above 160 bpm for most of the time
(Fig. 29.1). The patient felt tired, but not unusually for such an extreme race day.
After 6 hours the patient reached the finishing line.

Just after the race he experienced a centrally located chest pain, and was trans-
ferred to the local hospital. He developed a myocardial infarction and subsequently
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Fig. 29.1 Polar pulse watch data during the race that preceded the myocardial infarct (MI). The
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Fig. 29.2 Resting ECG 1 month post-MI. Negative T-waves are present in precordial leads V3-V5



29 Competitive Cyclist Suffering from Myocardial Infarction 207

went through a coronary angiography, which raised the need for percutaneous angio-
plasty and stent placement in the left anterior descending (LAD) coronary artery.

The patient was put on standard medical treatment, including a low dose of beta-
blockers (metoprolol, 50 mg daily), aspirin, clopidogrel and statins. Thorough lab-
oratory investigation could not reveal hypercholesterolemia. The patient remained
free of symptoms in the following months back home in Sweden, except for minor
complaints such as atypical chest pain. The ECG showed negative T-waves, sec-
ondary to the previous infarction, in precordial leads V3-V5 (Fig. 29.2). He was
referred by his doctor for new coronary angiographies twice in the subsequent
months, both being perfectly normal.

The patient started exercise training again, and after some months he was able
to train every day at nearly the same level as before the myocardial infarction. He
did not refer any symptoms, although he could describe that his maximal pulse was
15-20 bpm lower after having started beta-blocker treatment.

Reason for Cardiovascular Evaluation
This athlete was referred for secondary opinion regarding eligibility for resumption

of competitive bicycling activity. The patient was feeling well and was extremely
motivated to start cycling again at a competitive level.

Physical Examination

The physical examination showed normal findings on heart and lung auscultation.
The resting pulse was 52 bpm. The blood pressure was 115/60 mmHg.

12-Lead ECG

The ECG pattern was perfectly normal, showing a sinus rhythm of 52bpm
(Fig. 29.3).

Evaluation and Risk Stratification

According to the recommendations of the ESC [1] in patients with known coronary
artery disease, the athlete underwent exercise ECG, echocardiography, and ECG
Holter monitoring. Coronary angiography had been already performed.
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Fig. 29.3 Resting 12-lead ECG 9 months post-MI. The ECG pattern is normalized

2007:04-04 e v
Arbete 14:06 Vila 00:40
. o ... n FOID ADI0 0200 0300 040 0500 0R00 OTO0  Max M T4
Max last Belastning [ N0 » 0 AMDS
o HE % mom oz w0 At
- e o 15 .o - 20 A4
= | ol 80da i s
{LPR Y I e STAmpiVE (%] 03 04 A4 A0030
1 —18 ST4ndex Ve 10 1218 8 A0030
i [l Smita 0 0 -
Andtiddhet o 0 . 7 A156
Benttarel 0 i . 8 A5
Weubmax Savew () 175
PWC ) 0
0800 0500 000 1100 1200 1300 400 1406 ADD0 0200 0400
Batasting Fl
H oW W |1 R 18 momom
P m - oMW My e e s . w1
P A I < - 0w
ST-Amgl V6 02 o7 10 1w 1 11 25 2 12 o
STaderVs | 03 17 24 25 26 52 62 PRI RS
Smida i % B 0 0
Arstringring: | ¢ - Z = Z gk - = 5 . %
Aodibidhet [ P I « = %
Beoktwtet | 0 - 0 - 8 G & £ g
0600 1000 1004
Belastning T 0 0
W nono&
o -
8 da .on o
ET-Ampl V6 o 02 02
STindesVe | 01 02 02
Smi -0 0

Fig. 29.4 Exercise testing performed 9 months post-MI. A maximal pulse of 167 bpm is reached,
without signs of myocardial ischemia during a symptom-free test. Maximal blood pressure is
210 mmHg
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Diagnostic Testing

At referral to our hospital the patient underwent a maximal symptom-limited exer-
cise test on bicycle. The preferred method of exercise testing in Sweden is bicycle
testing, which in this case was especially appropriate, since cycling was the sport
of the patient. The patient was able to pedal until achieving a work load of 360 W,
without symptoms and with maximal heart rate of 167 bpm (with beta-blockade)
and systolic blood pressure of 210 mmHg. The electrocardiographic pattern during
exercise was normal, showing no signs of myocardial ischemia (Fig. 29.4).

On echocardiography, the left ventricle was of normal dimensions, with normal
systolic function (EF = 60%), in the absence of wall motion abnormalities. Dias-
tolic function was normal on Doppler echocardiography. The patient had already
been subjected to two coronary angiographies 3 and 5 months post-infarction, both
showing normal results.

Recommendations

In accord to recommendations of the ESC [1] the patient was advised not to engage
in competitive sports activity such as race cycling. However, he was encouraged to
engage regularly in leisure-time sport, including bicycling at a safe level.

Discussion

The recommendations for eligibility in competitive sports by the European Soci-
ety of Cardiology [2] state that athletes with a known coronary artery disease
should refrain from competitive sport activities classified as medium-high static and
medium-high dynamic. Cycle racing is actually high-intensity, high-dynamic sport
activity, class III-C according to classifications in the US and Europe [2].

On assessing the different issues surrounding this decision, we considered that
the patient had suffered a myocardial infarction after an exhaustive race and after
several days of maximal effort in unusual climatic conditions. The first coronary
angiography performed after the event showed a significant stenosis in the LAD
coronary artery that was stented with success, and subsequent coronary angiogra-
phies were “normal”. We do not know the specific mechanisms behind his infarction
and also we do not know to what extent the sport activity may had contributed to
trigger the events leading to myocardial infarction. However, we cannot exclude
that the extreme conditions related to the race and weather (exhaustion, hot climate,
dehydration) may have significantly contributed to this event.

Although the common laboratory results failed to show any abnormalities, we
cannot exclude any existing predisposing factors (such as abnormality in the coag-
ulability) in this patient that might had contributed to development of myocardial
infarction in association with the strenuous exercise and adverse weather conditions.
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Continued sport activity at the competitive level will necessarily require the capability
to reach, and maintain for prolonged time periods, the maximum cardiovascular per-
formance which results in very high heart rate and large myocardial oxygen consump-
tion. For this reason, it seems reasonable to avoid the unnecessary risk associated with
high intensive training and competitions and restrict the sport activity of this post-MI
patient to leisure time activity, which may offer the several benefits of regular exercise,
thereby reducing the hazards related to competitive sport.
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Chapter 30
A 32 Year-Old Male Soccer Player
with Chest Trauma

Deodato Assanelli, Evasio Pasini, Federica Ettori, Silvana Archetti,
and Sabrina Arondi

Medical History

This is a 32-year-old male patient, who was non-obese, asymptomatic for angina,
and a former smoker. Blood testing recently performed showed borderline total
cholesterol level (210 mg/dL). The patient was a non-competitive soccer player with

a training schedule of 6 h a week. The family history was positive for ischemic heart
disease and deep venous thrombosis.

Physical Examination

The physical examination was negative. The blood pressure was 130485 mmHg.

12-Lead ECG

The 12-lead ECG was normal.

Clinical Course

In the period following cardiac evaluation, the patient had a thoracic trauma (a kick
in the sternum), with fast insurgence of chest pain, during a soccer match. The player
was admitted to the emergency room and treated for thoracic trauma.
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Cardiac Evaluation in the CCU

Seven day later, the patient was admitted again to the coronary care unit (CCU)
because of acute pain in the right mammary region, radiating to the right shoul-
der, lasting for 2h. A new ECG was recorded which showed signs of myocardial
ischemia, as illustrated in Fig. 30.1. In addition, elevated blood level of myocar-
dial enzymes was found (CPK = 3469 U/L, CPK-MB = 460 ng/mL). An echocar-
diogram was promptly performed showing akinesia of LV antero-lateral wall.
Then coronary angiography (Fig. 30.2) was performed, which showed thrombotic
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Fig. 30.1 ECG performed after thoracic trauma. The signs of myocardial ischemia are evident, as
shown by the ST segment elevation in the precordial leads V15-V5, and standard leads I and aVL,
with inverted T wave most prominent in leads V3FVS5 and aVL. Correspondingly, ST segment
depression is present in standard leads II, III and aVF

Fig. 30.2 Coronary angiography of the same athlete, showing occlusion of the proximal and inter-
mediate left anterior descending (LAD) coronary artery (a). Consequently, PTCA was performed
and stent implanted, with resumed blood flow into LAD coronary artery (b)
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occlusion of the proximal and intermediate left anterior descending coronary artery.
Consequently, PTCA was performed and a stent was implanted. The procedure was
well tolerated but LV systolic function remained depressed (ejection fraction: 30%).
Two days later, the patient had also a transitory ischemic attack (TTA), but recovered
promptly.

Additional Testing

Considering the low risk profile for ischemic heart disease, the positive family his-
tory for vascular disease and the severity of clinical course in this patient, we ana-
lyzed specific vascular risk factors. The patient was found to be homozygous for
the G1691A mutation of clotting factor V gene and for C667T (principal MTFR
mutation). He also had an apo4 allele (3/4) and high homocysteine (32 pwmol/L).

Recommendations

The international recommendations for eligibility in competitive sports published by
the European Society of Cardiology [1, 2] state that athletes with a known coronary
artery disease should refrain from competitive sport activities classified as medium-
high static and medium-high dynamic. The patient was advised therefore not to be
engaged in competitive soccer. However, he was encouraged to be regularly engaged
in leisure-time sport, such as jogging, swimming or bicycling at a safe level.

Discussion

The clinical case here brings a specific message: that in all subjects with acute
chest pain, the presence of myocardial ischemia should be considered and appro-
priately excluded. In addition, when coronary artery disease is found in young per-
sons (<35 years), careful search for additional risk factors is advisable, specifically
if the family history is positive. The player in this case had a low risk profile for
ischemic heart disease, was young, a non-smoker, with a normal blood pressure and
only borderline cholesterol level. However, the severity of the clinical course and
the positive family history raised suspicion for other (vascular) risk factors, which
were eventually confirmed by findings of two (genetically inherited) pro-thrombotic
conditions (high homocysteine and homozygous V Leiden factor).
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Chapter 31
Asymptomatic Cyclist with Stenosis of Left
Main Coronary Artery

Deodato Assanelli, Enrico Ballardini, Evasio Pasini, Giancarlo Magri,
and Sabrina Arondi

Medical History

This is a 53-year-old, asymptomatic, male patient. He was obese, and smoked
15 cigarettes a day. In recent blood analysis, a modest hypercholesterolemia
(225 mg/dL, HDL-C 52, LDL-C 149) was documented. The family history was pos-
itive for systemic hypertension and ischemic heart disease. Patient participated in
many leisure-time sport activities. In the last years, however, he spent progressively
more time in non-competitive bicycle racing by training about 8 h a week.

Physical Examination

Cardiac physical examination was negative; blood pressure was 140-100 mmHg

12-Lead ECG

The 12-lead ECG was normal (Fig. 31.1).

Exercise Testing

Considering the high risk profile and high level of sport activity, exercise testing was
performed to assess the occurrence of any change suggestive for ischemic heart dis-
ease. The test was submaximal and the patient stopped because of muscular fatigue
at 85% of estimated maximal heart rate. The patient remained completely asymp-
tomatic and the test was considered negative for inducible myocardial ischemia
(Fig. 31.2).
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Fig. 31.1 Resting 12-lead ECG

Additional Testing

However, the presence of a positive family history and multiple risk factors sug-
gested, at the occasion of a subsequent medical check up, a repeat of the exercise
testing until exhaustion.

At the peak of the new exercise test, we observed marked ST-segment depres-
sions up to 3 mm in the precordial leads V4, V5 and V6, which slowly disappeared
during the recovery (Fig. 31.3).

Despite marked ECG changes, the subject had remained asymptomatic for the
entire duration of the test. Subsequently, myocardial perfusion scintigraphy was per-
formed (Fig. 31.4), which confirmed the occurrence of reversible reduced perfusion
in the inferior and lateral LV wall. The patient underwent coronary angiography,
which confirmed the presence of a significant stenosis of the left main coronary
artery (Fig. 31.5).

Diagnosis and Recommendations

The patient had silent ischemia due to coronary artery disease, affecting primarily
the left main coronary artery. The case was discussed with surgeons and a surgical
revascularisation was advised. Patient received three coronary by-passes. During the
post-operative period he had no complications and successfully performed a reha-
bilitation program. After a few months he resumed non-competitive sport, without
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Fig. 31.2 ECG recorded during sub-maximal exercise testing: mild ST segment changes were
observed, judged to be not suggestive for myocardial ischemia
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Fig. 31.3 ECG recorded during maximal exercise test showed significant ST segment depression
in precordial leads V4, V5, V6, suggestive for myocardial ischemia
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Fig. 31.4 Myocardial
perfusion scintigraphy after
maximal exercise test showed
reversible reduced perfusion
in the inferior and lateral LV
wall

Fig. 31.5 Coronary
angiography. A stenosis of
the left main coronary artery
was found

D. Assanelli et al.

symptoms or any limitations. At present, he is regularly cycling without symptoms
or limitations, and periodical (annual) clinical follow-ups, including exercise ECG,

remained normal.

Discussion

This clinical case illustrated above conveys a specific message: in a subject with high
risk for ischemic heart disease who performs regular and intense physical activity,
in spite of absence of symptoms, a maximal exercise test should be performed [1, 2].
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In fact, in this patient who had significant coronary artery disease, a sub-maximal
exercise was negative and potentially misjudging. The maximal exercise testing may
allow timely identification of silent coronary disease in athletic patients, thus start-
ing therapeutic procedures and avoiding the occurrence adverse clinical events.
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Appendices

Appendix A Classification of Sports$

A. Low dynamic B. Moderate dynamic

C. High dynamic

I. Low Static Archery Table tennis Badminton
Bowling Tennis (doubles) Walking
Cricket Volleyball Running (marathon)
Golf Baseball* Cross-country skiing
Rifle (classic)
II. Moderate Static ~ Auto racing*~ Fencing Basketball*
Diving~ Field events (jumping)  Biathlon
Equestrian*~ Figure skating* Ice hockey*
Motorcycling*~ Lacrosse* Field hockey*
Gymnastics* Running (sprint) Football*
Karate/Judo* Soccer*
Sailing Cross-country skiing
(skating)
Running (middle/
long distance)
Swimming
Squash*
Tennis (single)
Team handball*
III. High Static Bobsledding *~ Body building* Boxing*
Field events (throwing)  Downhill skiing*~ Canoeing, Kayaking
Luge*~ Wrestling* Cycling*~
Rock Climbing*~ Decathlon
Waterskiing*~ Rowing
Weight lifting* Speed skating
Windsurfing*~

Symbols: xDanger of bodily collision.
~Increased risk if syncope occurs.
§ Adapted and modified after Mitchell et al. (Classification of Sports. JACC 1994, 24:864-866).
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Appendix E  Recommendation for Competitive Sport Participation in Athletes with Marfan’s

Syndrome
Criteria for
Phenotype Genotype eligibility Recommendations  Follow-up
Adult with full Positive No competitive
phenotype; sports
adolescent with
incomplete
phenotype;
children/adolescent
without phenotype
Athletes (adults) with Not available No competitive
full phenotype sports
Athletes (adolescents) Not available Positive No competitive
with incomplete family sports
phenotype history
Athletes (adolescents) Not available ~ Negative Continued sport Yearly
with incomplete family participation
phenotype history with
follow-up
Athletes Not available  Positive Continued sport Yearly
(children/adolescent) family participation
without phenotype history with

follow-up
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Appendix F Stratification of Risk to Quantify Prognosis in Patients with Systemic Hypertension

Clinic blood pressure (mmHg)

Other risk Grade 1 Grade 2 Grade 3
factors and SBP 140-159 or SBP 160-179 or SBP = 180 or
disease history DBP 90-99 DBP 100-109 DBP =110
No other risk factors® Low added risk Moderate added risk High added risk
1-2 risk factors® Moderate added risk Moderate added risk Very high added risk
3 or more risk High added risk High added risk Very high added risk
factors® or TOD®
or diabetes
Associated clinical Very high added risk Very high added risk Very high added risk

conditions®

Abbreviations:TOD = target organ damage; SBP = systolic blood pressure; DBP = diastolic blood
pressure Low, moderate, high and very high added risk indicate an approximate 10-year risk of
fatal and nonfatal cardiovascular disease of <15%, 15-20%; 20-30% and >30%, or of fatal car-
diovascular disease of <4%, 4-5%, 5-8% and >8%

Symbols: * Risk factors used for stratification: blood pressure level (grades 1-3); gender and age
(men >55 years; women >65 years); smoking; dyslipidaemia (total cholesterol >250 mg/dL or
LDL-cholesterol >155 mg/dL or HDL-cholesterol <40 mg/dL in men and <48 mg/dL in women);
abdominal obesity (men =102 cm; women =88 cm); Ist degree family history of premature car-
diovascular disease (men <55 years; women <65 years)

® Target organ damage: hypertension-induced left ventricular hypertrophy; ultrasound evidence of
arterial wall thickening or atherosclerotic plaque; slight increase in serum creatinine (men 1.3—
1.5 mg/dL; women 1.2—-1.4 mg/dL); presence of micro-albuminuria

¢ Associated clinical conditions: cerebrovascular disease; ischaemic heart disease; heart failure;
peripheral vascular disease; renal impairment; proteinuria; advanced retinopathy (haemorrhages;
exsudates; papiloedema)
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Appendix G Recommendation for Competitive Sport Participation in Athletes with Systemic

Hypertension (and Other Risk Factors) According to the Cardiovascular Risk Profile

Criteria for

Lesion Evaluation eligibility Recommendations Follow-up
Low added History, PE, ECG, Well controlled BP Al sports Yearly
risk ET; echo
Moderate History, PE, ECG, Well controlled BP Al sports, with Yearly
added risk ET; echo and risk factors exclusion of high
static, high
dynamic sports
I c)
High added History, PE, ECG, Well controlled BP  All sports, with Yearly
risk ET; echo and risk factors exclusion of high
static sports
(III A-C)
Very high History, PE, ECG, Well controlled BP Only low-moderate 6 months

added risk ET; echo

and risk factors;
no associated
clinical
conditions

dynamic, low
static sports
(IAB)

Abbreviations: BP = blood pressure; LVH = left ventricular hypertrophy; PE : physical examina-

tion, including repeated blood pressure measurements according to guidelines

Symbols: ¢ as in Appendix F

54-57
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A
Ablation procedure, 121, 124-125, 147, 155,
162
of AV nodal slow pathway, 42, 45
of VT in syncope, 38
Abnormal electrocardiogram, in a canoeist,
77-84
12-lead ECG, 77-78
abnormal repolarization patterns, 82
enlarged LV cavity, 78
PVBs, 79
ventricular arrhythmia, 79
Abnormal repolarizations, see Repolarization
abnormalities
Abnormal T wave pattern, 101-109
cardiac MR, 105
family screening, 104
genetic analysis, 107
African descent athlete, ECG repolarization
abnormalities in, 85-90
See also Repolarization abnormalities
Ajmalin, testing, 28
Amiodarone, 161
Aortic stenosis, 223
Aortic valve regurgitation, 226
Aortic valve stenosis, 226
Arrhythmias, 74, 82, 177, 185
Arrhythmogenic cardiomyopathies, 188
Arrhythmogenic right ventricular cardiomy-
opathy (ARVC), 18, 60, 81
diagnosis difficulties, 61-62
diagnostic criteria, 19
major, 19
minor, 19
sports participation recommendations, 20
symptoms, 19
Aspirin, 207
Asymptomatic athletes, LQTS diagnosis in,
97-98

Asymptomatic cyclist with stenosis, 215-219
See also Stenosis of left main coronary
artery
Athlete’s heart syndrome, 74
Atrial fibrillation (AF), 51-53, 125, 234
recreational jogger with, 151-155
class-1 atrial flutter, 153
echocardiography, 152
focally-induced, 154
See also Paroxysmal atrial fibrillation
Atrial septal defect, 222
Atrio-ventricular (AV) blocks, 69-75
atrioventricular septal defect, 222
AV nodal reentrant tachycardia (AVNRT),
42-43, 45
Doppler-echocardiography, 73
eyes compression, 6970
Holter ECG monitoring, 71-74
12-lead ECG, 69-70, 73
M-mode echocardiogram, 70
prevalence, 74
transient complete AV block, 70
vagal-stimulus maneuvers, 69
valsalva, 69
Automated external defibrillator (AED), 20

B

Bazett’s formula, 97

Beta-blocker treatment, 53, 207
for exercise induced palpitations, 6

Black athletic population studies, 85-90
See also Repolarization abnormalities

‘Blockage’ during high speed running, 9

Blood Pressure (BP)-monitoring, in syncope,

27

Brady-arrhythmias, 74

Bradycardia, 103

Brugada syndrome, 4243, 114-115, 235
participation, recommendations in, 116

237
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C
Cardiac magnetic resonance (CMR), 37,
140-141, 171, 194-196
in syncope, 29-30
Cardiomyopathy, see Arrhythmogenic right
ventricular cardiomyopathy;
Hypertrophic cardiomyopathy; Left
ventricular non-compaction
Cardiopulmonary testing, TV regurgitation, 172
Cardioverter defibrillator, 235
Cavo-tricuspid isthmus ablation, 51-52
Cerebral Doppler, in syncope, 31
Cerebral MRI, in syncope, 32
Chest trauma, male soccer player with,
211-213
cardiac evaluation in CCU, 212-213
myocardial ischemia consideration, 213
Clopidogrel, 207
Competitive sport participation, recommenda-
tions
advice to MI patients to avoid, 207-210
in arrhythmias and arrhythmogenic
conditions, 233
in cardiomyopathies, 228
in congenital heart disease, 222
in ischemic heart disease, 232
in Marfan’s syndrome, 229
in myocarditis, 228
in pericarditis, 228
in systemic hypertension, 230
in valvular disease, 225
Competitive sports, demands of, 1-2
Conduction abnormality, exercise induced
palpitations, 7
Coronary care unit (CCU), cardiac evaluation
for chest trauma, 212
Coronary-ventriculography, exercise induced
palpitations, 4

D

Denervation supersensitivity, 19
Dilation, exercise induced palpitations, 4
Disqualification decision, 2
Doppler-echocardiography, 73

E
ECG Holter monitoring, see Holter ECG
monitoring
Echocardiography, syncope, 28
Electrophysiological (EP) studies
exercise induced palpitations, 4
in syncope, 37-39
Exercise ECG, 35-37
ischemic pattern on, 137-142

Index

See also Ischemic pattern
Exercise induced palpitations analysis, in a
cyclist, 1-7
beta-blockers for, 6
conduction abnormality, 7
coronary-ventriculography, 4
dilation, 4
EP study, 4
exercise testing, 2-3
imaging examinations, 7
12-lead ECG, 1-2
ECG at 200W, 3
ECG at 500W, 3
MRI, 4
polymorphic ventricular tachycardia, 5
premature ventricular beats (PVBs), 2
prophylactic ICD implantation, 6
treatment, 5
Exercise induced prolonged palpitations,
marathon runner with, 47-54
atrial flutter, 51
cavo-tricuspid ablation, 51
ECG Holter monitoring, 49
exercise ECG, 49
12-lead ECG, 47-48, 50
left atrium enlargement, 48
paroxysmal lone atrial fibrillation, 49
sinus bradycardia, 51
Exercise-related syncope, 32
Exercise testing, in syncope, 27-28

F
Familial HCM, 199-202
Fatigability, female soccer player with,
163-167
Fatty infiltration, 18
Female athletes
syncope in, 23-33
See also Syncope
See also Palpitations analysis
Fibrosis, 18
Flecainide therapy, 42, 51, 53, 113, 152-154
Focally-induced atrial fibrillation, 154

G
Gadolinium-late enhancement in left
myocardium, 166
Gas analysis
maximal exercise test with, 11-13
in paroxysmal atrial fibrillation, 159

H
Heart weight increase, 18, 80-81
High dynamic sports, 221
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Holter ECG monitoring, 37
AV block, 71-74
exercise induced prolonged palpitations, 49
frequent PVB, 129-135
ischemic pattern, 139-140
LV hypertrophy, 185-186
prolonged palpitations on effort, 58
prolonged QT interval, 93
syncope on effort, 26-27, 37
TV regurgitation, 171-172
ventricular arrhythmia (VA), 165
ventricular tachycardia (VT), 145-146
Hypertrophic cardiomyopathy (HCM), 86-90,
177, 186-189, 228
See also Low risk HCM
Hypervagotonia, 74

1
ICD implantation, 39
Imaging examinations
for palpitations, 7
See also Cardiac magnetic resonance
Impaired performance analysis in long-distance
running, 9-14
blood pressure, 1314
gas analysis, 11-13
12-lead ECG, 10
treadmill test, 12
stress echocardiography, 13
systemic hypertension, 13
trans-thoracic echocardiography, 13
Implanted pacemaker, 235
Inflammatory spots in ventricles, in syncope,
18
Intermittent pre-syncope feeling
Ischemic heart disease, 213
Ischemic pattern, exercise ECG, 137-142
CMR, 140-141
ECG Holter monitoring, 139-140
echocardiography, 138-139
exercise ECG, 138
12-lead ECG, 137-138
ventriculo-coronary angiography, 140
Isolated premature ventricular beats, 37

L
Late potentials (HV)-ECG, 27
12-Lead ECG
AV block, 69-70
EP study, 119-121
exercise induced palpitations, 1-2
impaired performance analysis, 10
in ischemic pattern, 137-138
LV hypertrophy, 175-176
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palpitations analysis, 41-42
paroxysmal AF, 158
pre-excitation pattern on, 119-121
pre-syncope on effort analysis, 41-42
prolonged palpitations on effort, 57
exercise induced, 4748
prolonged QT interval, 93-94
syncope during exertion, 15-16
syncope on effort, 25-26, 35
systolic murmur on left sternal border,
63-64
TV regurgitation, 170
Wolff-Parkinson-White (WPW) pattern,
124
Left atrium enlargement, exercise induced
prolonged palpitations, 48
Left bundle branch block (LBBB), 138
Left ventricular (LV) hypertrophy, in a male
athlete, 183—-189
in black athletes, 89-90
CMR, 186
family screening, 187
genetic study, 187
Holter monitoring, 185-186
myocardial fibrosis, 186
premature ventricular beats (PVBs), 184
Left ventricular (LV) hypertrophy, in a young
rower, 175-182
detraining, 177
echocardiography, 176, 178-179
exercise testing, 176-179
12-lead ECG, 175-176
QRS tachycardia, 179-180
systolic anterior motion (SAM), 179
Left ventricular (LV) trabeculation, 191-196
Left ventricular non-compaction (LVNC)
cardiomyopathy, 191-196
CMR studies, 194-196
Lisinopril, 51-52
Long QT syndrome (LQTS), 95-96, 235
in asymptomatic athletes, diagnosis,
97-98
congenital, 108
See also Prolonged QT interval
Low dynamic sports, 221
Low risk HCM, in a male recreational soccer
player, 199-203
echocardiography, 200
familial evidence basis, 199-202
family history, 199
resuscitation manoeuvre, 201
risks, 203
VE, 201
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M
Mapping, 147
Metoprolol, 6, 49, 52, 165, 207
Mitral valve prolapse, 227
Mitral valve regurgitation, 225
Mitral valve stenosis, 225
M-mode echocardiogram, 70
Moderate dynamic sports, 221
Murmur, see Systolic murmur
Myocardial fibrosis, 186
Myocardial infarction (MI), competitive cyclist
suffering from, 205-210
evaluation, 207-208
post-MI
exercise testing, 208
resting 12-lead ECG, 208

risk stratification, 207-210

Myocardial ischemia consideration in chest
pain, 213

Myocardial perfusion scintigraphy, 218
Myocarditis, 167
Myocyte death, 19

N

Nadroparine, 161

Neurocardiogenic syncope, 32-33
Nocturnal marked sinus bradycardia, 81
Nonsustained ventricular tachycardia, 81

(0}
Oral anticoagulation, 49

P
Pace mapping, 147
Palpitations, 1-7
oral anticoagulation, 54
paroxysmal AF with secondary cause, 54
See also Exercise induced prolonged
palpitations; Prolonged palpitations
Palpitations analysis, in female beach
volleyball player, 41-46
ablation of AV nodeal slow pathway, 42, 45
AV nodal reentrant tachycardia (AVNRT),
42-43, 45
‘Brugada-like’ pattern, 43-45
12-lead ECG, 41-42
ST segment elevation, 42-43
SCNS5A gene analysis, 42
Paroxysmal atrial fibrillation (PAF) studies,
49-53
exercise induced prolonged palpitations, 49
in a professional cyclist, 157-162
dilatation of chambers, 158
gas analysis, 159-160

Index

12-lead ECG, 158
periodic (yearly) follow-up, 161-162
resting echocardiography, 159
symptomatic, 161
recommendations for, 53-54
AF, 54
during cardiac evaluation, 53
first onset of PAF or very sporadic
paroxysms, 53
persistent/permanent AF without major
cardiac cause, 53
rhythm control, 53
Paroxysmal supraventricular tachycardia, 233
Patent foramen ovale (PFO), 65-66
Polymorphic premature ventricular beats, 36
Polymorphic ventricular tachycardia (VT),
5-7,93-95
Poly-valvular diseases, 227
Pre-excitation pattern on 12-lead ECG,
119-121
EP study, 119-121
Premature supraventricular beats (PSVBs), 103
Premature ventricular beats (PVBs), 2, 4-5,
24,138, 145, 164, 184
frequent PVBs, 129-135
ECG Holter monitoring, 130-131, 134
ICD implantation, 135
isolated VPBs, 131
monomorphic VPB, 132
Pre-syncope on effort analysis, 39, 41-46
Prolonged palpitations
on effort, female cyclist with, 57-62
coronary angiography, 59
ECG Holter monitoring, 58
echocardiography, 57-58
electrophysiological study, 58-59
fast tachycardia, 59
12-lead ECG, 57
repeated echocardiogram, 59
right ventricular (RV) abnormalities, 59
See also Exercise induced prolonged
palpitations
Prolonged QT interval, in female long
distance-runner, 93-98
Bethesda guidelines, 98
exercise test, 93
48-h Holter monitoring, 93
12-lead ECG, 93-94
management, 98
polymorphic VT, 93-95
See also Long QT syndrome
Prophylactic ICD implantation, 6
Pulmonary stenosis, 223
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Q
QTec interval
measurement in athletes, 96-97
See also Prolonged QT interval
training and participation influence in, 108

R
Race simulation, 145
Racial predilection for developing LV
hypertrophy, 88-90
Recreational athletes, 121, 151-155
See also under Atrial fibrillation (AF); Low
risk HCM
Repolarization abnormalities, 108, 141
in an African descent athlete, 85-90
cardiac MRI, 86
hypertrophic cardiomyopathy (HCM),
86-89
physiological LV hypertrophy versus
HCM, 87
trans-thoracic echocardiogram, 85
T wave inversion, 86
early repolarization pattern, 116
in LV hypertrophy, 175-177
Resting transthoracic echocardiography, 124
Resuscitation manoeuvre, 201
Right ventricular (RV) abnormalities, 59
Right ventricular outflow tract tachycardia
(RVOT), 58-62
Runner, impaired performance in, 9-14
See also Impaired performance analysis
Ryanodine receptor (RYR2) missense
mutations, 20

S
SCNSA gene analysis, 42, 45
Segmental hypertrophy, 102
Simvastatin, 49
Sinus bradycardia, 10, 51, 77-78, 102, 111,
137-138, 158, 233
Sleep apnea monitoring, in syncope, 29
Sotalol, 51-52
Stenosis of left main coronary artery,
asymptomatic cyclist with, 215-219
exercise tests, 216
myocardial perfusion scintigraphy, 218
silent ischemia, 216
ST-segment depressions, 216-217
Stress echocardiography, 13
ST-segment elevation, 42
early repolarization pattern, 116
Flecainide testing, 113
in precordial leads, 111-116
rSr’ pattern, 111-113

241

Supraventricular premature beats (SVPBs),
145
Symptomatic hypertension, 13
Symptomatic paroxysmal AF, 53
Syncope, in a female soccer player, 23-33
Ajmalin, testing, 28
BP-monitoring, 27
cardiac CT scan, 29
cardiac magnetic resonance, 29-30
cerebral Doppler, 31
cerebral MRI, 32
ECG Holter-monitoring, 26-27
echocardiography, 28
exercise testing, 27-28
intermittent pre-syncope feeling, 24
late potentials (HV)-ECG, 27
12-lead ECG, 25-26
sinus rhythm 52 bpm, 26
sinus rhythm 55 bpm, 24
neurologist consultation, 30-31
patient’s history importance, 32
sleep apnea monitoring, 29
tilt table testing, 29-31
type and level of sports activity, 25
vision difficulties, 23-24
Syncope during exertion, with a cyclist, 15-20
ARVC, 18-19
denervation supersensitivity, 19
diffuse fatty infiltration, 18
diffuse inflammatory spots, 18
electrocardiogram
T-wave alternans, 17
exercise electrocardiography, 17
fibrosis, 18
heart weight increase, 18
12-lead ECG, 15-16
resting heart rate, 17
RYR2 missense mutations, 20
Syncope on effort, male soccer player, 35-40
CMR, 37
echocardiography, 35
EP study, 38
exercise electrocardiography, 35-37
Holter monitoring, 37
ICD implantation, 39
isolated premature ventricular beats, 37
12-Lead ECG, 35
polymorphic premature ventricular beats,
36
ventricular tachycardia (VT), 38
ablation of, 38
Systemic hypertension diagnosis, 13
Systolic anterior motion (SAM), 179
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Systolic murmur on left sternal border, female

athlete, 63-67

echocardiography, 65-66

12-lead ECG, 63-64

sport continuation, risk in, 66

trans-esophageal echocardiography (TEE),
65

trans-thoracic echocardiography (TTE), 65

T
T wave inversion, 17, 86, 102, 175
See also Abnormal T wave pattern
Tetralogy of Fallot, 224
Thoracic trauma, 211, 212
Tilt table testing, in syncope, 29-31
Trabeculations, 102, 104
LV, 191-196
Trans-esophageal echocardiography (TEE),
65-66
Transient complete AV block, 70
Transitory ischemic attack (TIA), 213
Trans-thoracic echocardiography (TTE), 13,
65, 85
Treadmill test, 11
Tricuspid valve (TV) regurgitation, 226227
marathon runner with, 169—-173
cardiac magnetic resonance (CMR),
171
cardiopulmonary testing, 172
ECG Holter monitoring, 172
echocardiography, 170-171
exercise testing, 171
12-lead ECG, 170
treadmill testing, 171

A\
Vagal-stimulus maneuvers, 69
Valsalva, 69

Index

Valvuloplasty, 227
Variable QTc¢ intervals, 101-109
cardiac MR, 105
family screening, 104
genetic analysis, 107, 108
Ventricular angiography, 60
Ventricular arrhythmia (VA), 19, 79, 139
female soccer player with, 163-167
gadolinium-late enhancement in left
myocardium, 166
Holter ECG monitoring, 165
PVBs, 164
Ventricular conduction, in exercise induced
palpitations, 3—-5
Ventricular fibrillation (VF), 115, 201
Ventricular hypertrophy, see Left ventricular
(LV) hypertrophy
Ventricular pre-excitation, 233
Ventricular septal defect, 222
Ventricular tachycardia (VT), 38, 115, 234
exercise-induced, 143-149
cardiac MRI, 147
coronary-angiography, 147
echocardiography, 144-145
electrophysiologic study, 147
exercise test: race simulation, 145
Holter ECG monitoring during bicycle
race, 145-146
Ventriculo-coronary angiography, 140
Verapamil, 152
Vision difficulties, 23-24

W
Wolff-Parkinson-White (WPW) pattern,
123-127
echocardiography, 124
12-lead ECG, 124
physical examination, 123-124
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