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ABSTRACT

This commentary discusses pre-participation cardiovascular screening for young competitive athletes. Canada currently does not have
a consolidated document of guidelines for such screening procedure, even though athletes with pre-existing cardiovascular conditions
may experience sudden cardiac death (SCD) during intensive training or competitions. How can we balance the safety of athletes while
considering the costs of implementing such program and the downstream effects of athletes who may be barred from pursuing their
dream sport upon diagnosis? This commentary examines the common causes of SCD, components of the screening procedure, cost-
benefit analyses of pre-participation screening, and management strategies upon diagnosis.

RESUME

Ce commentaire aborde le dépistage cardiovasculaire chez les jeunes athlétes de compétition avant la participation. Le Canada ne
dispose actuellement pas de lignes directrices relativement a ce type de dépistage, méme si un athléte qui aurait une affection prée-
xistante pourrait étre victime de mort cardiaque subite lors d’un entrainement intensif ou d’'une compétition. Comment pouvons-nous
équilibrer la sécurité des athletes et tenir compte du colit pour mettre un tel programme sur pied, puis gérer les effets en aval pour
des athletes qui pourraient étre interdits de poursuivre leur réve sur la réception d’un diagnostic? Ce commentaire aborde les causes
courantes de la mort cardiaque subite, les composantes du processus de dépistage, une analyse co(it/bénéfice du dépistage avant la

participation, de méme que des stratégies pour gérer les effets d’un diagnostic.

INTRODUCTION

Recently in the news there have been several cases of
young competitive athletes who have collapsed in the middle
of their game due to pre-existing cardiac problems. Rich Pe-
verley, a 31-year-old hockey player, collapsed on the Colum-
bus Blue Jackets-Dallas Stars’ bench in the middle of the game
due to an underlying arrhythmia on March 11th, 2014 [1]. Col-
lapses that lead to sudden death have been vividly captured
by the media and have raised concerns in the medical com-
munity, as they serve to remind us that even young, healthy
athletes can succumb to cardiovascular abnormalities. Each
year in Canada, unsuspected sudden cardiac events cause ap-
proximately 500 deaths in people under the age of 40 in the
general population [1]. For the purposes of this article, com-
petitive young athletes are defined as those in high school or
those pursuing post-secondary education, between the ages
of 14-22, and participate in any organized or individual sport
that demands systematic training and regular competition,
and rewards athletic excellence [3]. Sudden cardiac events
are the leading cause of non-traumatic sudden death in ath-
letes worldwide [2]. To prevent such devastating deaths at the
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prime of a young competitive athletes’ career, pre-participation
cardiovascular screening is a systematic way to identify those
who have pre-existing conditions that may lead to sudden death.
The American Heart Association (AHA), European Society of Car-
diology (ESC), and International Olympic Committee (IOC) have
set their own recommendations regarding pre-participation car-
diovascular screening [2,3,4]. Most of these guidelines are based
on a 25-year-long Italian observational study, as no clinical trials
have been done to date [5]. A consensus document of guidelines
has yet to be set for young competitive Canadian athletes partici-
pating in high school or post-secondary-level varsity sports. For
example, at the University of Ottawa, a “certified team doctor an-
nually screens all players during [their] 1-2 week training camp in
August before school begins,” and there is “more in depth screen
for rookie players” [6]. This article will explore the cost-benefit
analysis of such screening procedure, as well as management
strategies for athletes who have positive results.

CAUSES OF SUDDEN DEATH IN ATHLETES

There are 1101 reported cases of sudden cardiac deaths
athletes under the age of 35 from years 1966 to 2004 [1]. Soc-
cer, basketball and running are sports that are most frequently
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involved in sudden cardiac death (SCD) [2]. Approximately half
of these athletes had congenital anatomical heart disease and
cardiomyopathies, and 10% had early-onset atherosclerotic coro-
nary disease [2].

Common congenital anomalies for SCD are anomalous
origin of the coronary artery and hypertrophic cardiomyopathy
(HCM) [5]. Anomalous origin of the coronary artery is often as-
sociated with structural forms of congenital heart disease. HCM
occurs when a portion of the myocardium and the septum is
thickened, causing dynamic outflow obstruction for blood to
enter to systemic circulation. Arrhythmogenic right ventricular
cardiomyopathy (ARVC) is the most common type of cardiomy-
opathy in SCD patients [5]. This occurs when the right ventricle
and the subepicardial region of the left ventricle are replaced
by fibrofatty tissue, thus increasing the risk of life-threatening
tachyarrhythmias. Atherosclerotic coronary disease can lead to
death when plaque on the vessel wall breaks off and occludes an
important coronary artery that can result in myocardial infarction
[5]. Under strenuous exercise, or situations of dehydration or va-
sodilation that decreases preload to the heart, these pre-existing
conditions can cause SCD in asymptomatic athletes.

COST-BENEFIT ANALYSES OF PRE-PARTICIPATION SCREENING

The rationale of cardiovascular pre-participation screen-
ing is to identify young competitive athletes who may be at risk of
sudden cardiac death. Whether screening is economically justifi-
able from a public health standpoint is debatable. The incidence
of sudden cardiac death among young competitive athletes is
about 1 in 50,000 athletes, which is much lower than that of the
general population (1 in 300) [8]. Furthermore, there are many
different components of a screening protocol that can be very
costly. AHA, ESC and 10C all advocate for a cardiovascular history
and physical exam for young athletes in college and professional
sports (Figure 1), which saves 0.56 life-year per 1000 athletes
compared to no screening [9].These first steps can identify car-
diomyopathy and other genetic cardiac conditions. Furthermore,
AHA and I0C recommend the screening to be supplemented by
a 12-lead rest electrocardiogram (ECG) to identify rhythm, con-
duction and repolarization abnormalities [2,3]. For those be-
tween the ages of 18 to 29, ECG screening has a low sensitivity
of 46% and an excellent specificity of 100% for familial HCM [11].
Although ECG screening is not very sensitive and may capture
some false positives for cardiovascular diseases, it is an effective
first step that can save money from conducting an unnecessary
workup. Adding an additional ECG test to screen for abnormali-
ties saves 2.06 life years per 1000 athletes at a cost of $42,000
per life-year saved compared to cardiovascular history and physi-
cal exam alone after sensitivity analyses [9]. The intervention of
ECG would be considered cost-effective, as it is less than the tra-
ditional cost-benefit benchmark of $50,000 per life-year gained
(approximately the cost of dialysis per year) [10].

10C also mandates that if cardiovascular history, physi-
cal exam and ECG findings are positive, then athletes should be

referred to an age-appropriate specialist [2]. The cardiac workup
done by the specialist may include an echocardiogram, stress
test, 24-hour Holter monitoring, cardiac MRI (CMR), cardiac CT,
radionuclide angiogram and electrophysiology studies. These
additional investigations are necessary for diagnosis of certain
cardiovascular conditions [8]. For example, the definitive diag-
nosis of HCM is done by echocardiography. However, the diag-
nostic value of an echocardiogram and ECG for familial HCM s
not significantly different from ECG alone. For those between
the ages of 18 and 29, the sensitivity only increases by 4% with
further screening using echocardiogram, and specificity remains
at 100% [11]. If echocardiac images are suboptimal, CMR is
recommended for those who have a high index of suspicion for
HCM, or alternatively cardiac CT for those who have implant-
able cardioverter defibrillator (ICD) or pacemakers [12]. Other
cardiovascular diseases may also require further testing. The di-
agnoses of other diseases may also require modalities beyond
ECG screening [12]. Coronary artery disease can be ruled out by
coronary angiography. Acute aortic dissection can be excluded
by transesophageal echocardiography. Genetic tests are newer,
more definitive measures of hereditary cardiac conditions. These
tests, if added as part of mandatory pre-participation screening
for young competitive athletes, can place a stress on Medicare
in Canada.

Although the 10C has suggested further workup for
young competitive athletes who have positive cardiovascular
history, physical exam and ECG findings, Medicare in Canada may
not have the necessary infrastructure to support this protocol. In
Ontario alone, 498 million Canadian dollars have been spent on
echocardiograms from 1992 to 2001 [13]. There is an increasing
usage of cardiac technologies over this 10-year span, and a total
of $2.87 billion expenditure would need to be invested to meet
the cost-benefit benchmark of $50,000 per life-year gained. Al-
though only a handful of athletes would have positive findings
that lead to extensive cardiac workup, further cost-benefit anal-
yses should be conducted before implementing mandatory pre-
participation screening. These tests, nonetheless, ensure that
athletes with underlying cardiovascular conditions are training
safely.

MANAGEMENT STRATEGIES AFTER DIAGNOSIS

Despite the benefits of pre-participation cardiovascu-
lar screening before admission to a varsity team, it may bring
about psychological turmoil to young competitive athlete. There
are various management strategies to cope with the diagno-
sis, such as psychotherapy, maintaining a positive outlook, life-
style changes and pharmacological interventions. Athletes who
are identified at risk are not alone; family, relatives, coaches
and teammates are affected as well. Although sudden cardiac
death (SCD) does occur, it is not a topic that is discussed casu-
ally among friends. In a news article, a father wrote about his
feelings towards his son’s death from a heat stroke in the middle
of a football game in Arkansas. The father had wished that his
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son’s death would promote the importance of pre-screening
that could prevent heart diseases from occurring. Others around
who witnessed his son’s death had treated this event as a, “freak
thing,” which is something abnormal and rare [19].

Psychotherapy

Emotional stress plays a factor on athletes who have
pre-existing cardiovascular conditions [14]. For example, emo-
tional stress can lead to hypertrophic cardiomyopathies [15]. In
addition, athletes who experience anger may encounter spon-
taneous ventricular and atrial arrhythmias leading to SCD [15].
These athletes may suffer from emotional stress because they
are young and otherwise appear healthy, and results from the
pre-participation screening can have a negative effect on their
dreams of becoming a professional athlete and discourage them
from further intense training.

Psychotherapy helps to ease the mental stress for sus-
ceptible individuals. Patients with HCM attending specialty clinics
demonstrate lower levels of anxiety and depression [14]. Sup-
port groups and clinics can also positively influence the mentality
of individuals who feel vulnerable. Test results indicating an un-
derlying cardiovascular condition can eliminate a patient’s doubt
and motivate positive behavioural changes [20]. He or she is now
aware to refrain themselves from participating in intense sports.
On the other hand, since most SCD in athletes are caused by hy-
pertrophic cardiomyopathies (HCM) that is characterized as a ge-
netic condition, individuals who have this condition place an ad-
ditional burden on family members to get tested as well. A range
of emotion such as fear, guilt, anger, denial, grief and despair can
be experienced by family relatives [20].

Lifestyle Modifications

Although young competitive athletes at high risk of car-
diovascular disease are encouraged to participate in fewer, less
intensive sports, completely withdrawing from physical exercise
or a sport may make the situation worse. Those who do so may
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still experience SCD or other cardiovascular disorders [14], such
as changes in rhythm or electrical conduction [18]. Assuring that
there will be no abnormalities in rhythm and electrical conduc-
tion of the heart, the individual should not feel any chronic pain
while engaging in moderate level exercising.

In general, it is common for athletes to follow a strict
dietary plan or even consume dietary supplements. However,
those with cardiovascular conditions may need to modify their
diets after diagnosis. For example, they may need to avoid foods
like grapefruit juice that contain flavonoids, which affect the elec-
trical depolarization and repolarization of the ventricles (QT) in-
terval [18].

Maintaining a Positive Outlook

Young competitive athletes who are diagnosed with car-
diovascular diseases and at high risk of SCD are prevented from
competing in a sport they are passionate about. However, they
can still be involved even if they are not recommended to partici-
pate in high intense training. Other alternatives involve: coach-
ing, managing the team and training other athletes. These are
potential positive outlooks for an individual who is put in such
a situation. Regardless if one is affected from cardiovascular dis-
ease or not, if we consider coaches and professional trainers as
athletes who once competed but had stopped for a certain rea-
son, staying involved and becoming a coach/trainer is one way
they keep in touch with the sport that they are passionate about.
Coaching help athletes grow and become a part of others’ suc-
cess in winning or accomplishing their goals. Being involved as
a coach can help individuals have a positive reflection on them-
selves.

Pharmacological Interventions

Once an individual has been identified at high risk of
SCD, he or she may need to take medications to prevent SCD.
For example, calcium channel blockers or beta-blockers are com-
monly administered to these individuals [15,17]. Many athletes
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Figure 1: Steps in cardiovascular pre-participation screening and subsequent management strategies.
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also use non-steroidal anti-inflammatory drugs (NSAIDs) to treat
sports injuries, but there is a lack of knowledge on the cardiac
electrophysiological effects of these compounds. NSAIDs can
block certain potassium channels; consideration of risks must be
taken into account when administering drugs and dietary supple-
ments that may prolong the repolarization of the heart.

CONCLUSION

We believe that some aspects of the cardiovascular
pre-participation screening should be conducted in young com-
petitive athletes (between the ages of 14-22 in high school or
post-secondary education), so that those with pre-existing car-
diovascular conditions can be identified. However, it may not be
economically justifiable from a public health standpoint given the
low incidence of sudden cardiac death in athletes compared to
the general population, marginal diagnostic value of further test-
ing and the consideration that Canada may not have the infra-
structure to support such policy. Upon finding the results of pre-
participation screening, there are many management strategies
to address individuals’ emotional stress and risk of developing
future cardiovascular events, such as psychotherapy, maintaining
a positive outlook and pharmacological interventions. Further in-
vestigation should be conducted on the costs of implementing
these management strategies.
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