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A 15-year-old boy is referred for assessment of 
arrhythmia risk. The boy’s father died suddenly 
six weeks ago. He was 43 years old, had been in 
excellent health, completely asymptomatic, and 
had exercised regularly. He went out for a run 
and was found on the trail without vital signs 
and with no apparent injury. The son is an elite 
soccer player, playing for a regional competi-
tive team, with aspirations to play at the high-
est level.

What further information is needed?
Information from an autopsy on the father, if con-
ducted, is crucial, because a small proportion of 
disorders leading to sudden death can be associ-
ated with heritable structural heart disease, such as 
hypertrophic cardiomyopathy, right ventricular 
cardiomyopathy and dilated cardiomyopathy 
(Boxes 1 and 2, and Appendix 1 at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.151365/-/DC1).1–4

Other structural disorders may not be heritable 
but can be identified at autopsy. Previously unrec-
ognized coronary artery disease is the most com-
mon cause of exercise-related sudden death in 
people over 35 years old.4 Other conditions in-
clude anomalous origin of the coronary arteries, 
myocarditis, sarcoidosis and other rare infiltrative 
disorders (Box 1).

Primary arrhythmia syndromes without struc-
tural heart disease are associated with a normal 
cardiac autopsy and are often heritable. These in-
clude long and short QT syndromes, catechol-
aminergic polymorphic ventricular tachycardia 
and Brugada syndrome (Box 1).2

Obtaining a thorough family history is essen-
tial: a family history of unexpected sudden death, 
unusual syncope (e.g., with exercise), drowning, 
crib death or suspicious death related to a single-
vehicle crash may be a clue to heritable arrhyth-
mia. Frequently, sudden unexpected death in a rel-
ative will have been labelled a “heart attack” 
without detailed documentation. All unexpected 
out-of-hospital sudden deaths in any first-degree 

relative should be presumed arrhythmic until 
proven otherwise (Box 2).1

In the son, a history of loss of consciousness or 
near loss of consciousness, particularly during or 
immediately after exercise, may suggest serious 
arrhythmias. A history of apparent seizures may 
also represent arrhythmia, because secondary sei-
zures frequently accompany cerebral hypoperfu-
sion during arrhythmia.4 Sudden unexplained dys-
pnea or chest pain may be due to structural heart 
disease, such as hypertrophic cardiomyopathy or 
anomalous origin of a coronary artery (Box 2).

A thorough physical examination, including 
assessment of blood pressure and postural 
changes in pressure, auscultation for murmurs 
and peripheral pulses can reveal structural heart 
disease, such as coarctation of the aorta, valvular 
disease and cardiomyopathy (Box 2).3,4

Are any investigations required?
Based on observational studies and expert opin-
ion (as detailed in guidelines2,4), investigations 
should be specifically directed at possible diagno-
ses (Boxes 1 and 2). A 12-lead electrocardiogram 
(ECG) should be carefully examined for evidence 
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Box 1: Possible cardiac causes of sudden 
death1–3

• Coronary artery disease

• Cardiomyopathy

– Arrhythmogenic right ventricular dysplasia

– Hypertrophic cardiomyopathy

– Dilated cardiomyopathy

• Ion channelopathy

– Long and short QT syndrome

– Catecholaminergic polymorphic ventricular 
tachycardia

– Brugada syndrome

• Other

– Myocarditis

– Infiltrative cardiomyopathy (e.g., sarcoidosis)
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of repolarization abnormalities (Q–T interval), 
ST-segment and T-wave abnormalities (suggest-
ing left ventricular hypertrophy, Brugada syn-
drome or hypertrophic cardiomyopathy), early re-
polarization or epsilon waves suggesting right 
ventricular cardiomyopathy.1,3 The ECG findings 
are often abnormal in high-performance athletes; 
sinus bradycardia, first-degree atrioventricular 
block, incomplete right bundle branch block, and 
left ventricular hypertrophy identified by voltage 
criteria alone are common and not usually a 
cause for concern. Echocardiography is recom-
mended, specifically to assess the presence of hy-
pertrophic or other forms of unrecognized cardio-
myopathy (Box 2).4

An exercise stress test is particularly of interest 
for this patient, because his father died during ex-
ercise. It should be performed to look for exercise-
induced ventricular tachycardia. If polymorphic or 
bidirectional ventricular tachycardia  occurs with 
exercise, this suggests catecholaminergic polymor-
phic ventricular tachycardia. If monomorphic, and 
of right ventricular origin, this suggests right ven-
tricular cardiomyopathy. A normal Q–T interval at 
rest does not rule out long QT syndrome. The Q–T 
interval may paradoxically increase on standing or 
fail to shorten appropriately with exercise, with 
high specificity for long QT syndrome.5

In an asymptomatic person, Holter mon-
itoring may be performed to identify ambient 
 ventricular ectopy, often seen in people with 
cardiomyopathy.1

Should the patient be referred?
It is generally useful for a patient in this circum-
stance to be referred to a consultant with special 
interest and expertise in arrhythmia evaluation and 
treatment.4 First-degree relatives of young people 
(< 50 yr) who die suddenly and unexpectedly of 
apparent arrhythmia or of unknown cause should 
be referred for evaluation by a consultant. Re-
gional multidisciplinary clinics, led by heart 
rhythm specialists, are being established that are 
well suited to evaluate patients in this circum-
stance (a list of clinics in Canada is available from 
the Canadian Genetic Heart Rhythm Network, 
www.heartrhythmresearch.ca). Specialized tests, 
including a signal-averaged ECG, cardiac mag-
netic resonance imaging, and epinephrine and pro-
cainamide infusions to uncover latent arrhythmia 
syndromes, may be performed in the clinics.1–3

These specialized clinics are also experienced 
at dealing with family support and education, as 
well as providing detailed explanations of poten-
tial risks for the short- and long-term future, and 
advice about competitive sport. Any impact on 
this patient’s athletic aspirations will stem from 
results of cardiac investigations.4

What should the patient be told about 
physical activity while investigation 
results are pending?
If the patient has not had any of the symptoms 
noted above and his ECG findings are normal, he 
should be reassured and permitted any sport activ-
ity. However, he should be informed that, although 
unlikely, this advice may change after the results of 
investigations become available. For example, if 
the patient is found to have a condition associated 
with exertion-related events (e.g., hypertrophic car-
diomyopathy), he may be advised not to participate 
in competitive sport.4

Case revisited
The patient was referred to a specialized arrhyth-
mia clinic. There was no other relevant family his-
tory. The patient had no symptoms; findings on 
physical examination were unremarkable, and re-
sults of the initial investigations (ECG, echocar-
diogram and exercise stress test) were normal. 
Based on this information, the patient was reas-
sured and continued to play soccer competitively. 
Three months later, the autopsy results on the fa-
ther showed severe proximal narrowing of the left 
anterior descending coronary artery, with a fresh 
thrombus. The patient was counselled about the 
potential long-term risk of coronary artery disease 
and the importance of long-term monitoring for 
elevated cholesterol, diabetes and hypertension.

Box 2: Assessment in cases of sudden 
death1,3*

Sudden death victim

• Family history: sudden death, drowning, 
single-vehicle crash, crib death, heart failure, 
“heart attack”

• Personal history: syncope, seizures, exercise 
intolerance, chest pain, medications

• Event history: exercise or rest, recent illnesses, 
fever, new medication

• Autopsy: preliminary and final report, 
molecular autopsy if no anatomic cause

First-degree relative

• Personal history: syncope, seizures, 
palpitations, chest pain, shortness of breath

• Physical examination: murmur, abnormal pulses

• Electrocardiography: electrocardiogram (ECG), 
high precordial lead ECG, signal-averaged 
ECG, exercise test, Holter monitor

• Imaging: echocardiography

• Special testing: drug challenge, cardiac 
magnetic resonance imaging, genetic testing 
if victim had a positive result from genetic 
testing for a relevant heritable disorder

*Typical ECG abnormalities found in selected conditions are shown 
in Appendix 1 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cmaj.151365/-/DC1).
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Decisions is a series that focuses on practical 
evidence-based approaches to common presenta-
tions in primary care. The articles address key 
decisions that a clinician may encounter during 
initial assessment. The information presented can 
usually be covered in a typical primary care ap-
pointment. Articles should be no longer than 650 
words, may include one box, figure or table and 
should begin with a very brief description (75 
words or less) of the clinical situation. The deci-
sions addressed should be presented in the form 
of questions. A box providing helpful resources 
for the patient or physician is encouraged.


