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I. Pre-participation Cardiovascular Evaluation



Case 1
18-y.o. football player, no F/Hx CVD or sudden death
Incidental finding of cardiac murmur on PPE
      

Peritz DC et al. JAMA Intern Med 2014;174:1379

Copyright 2014 American Medical Association. All rights reserved.

echocardiogram showed a thick to thin compacted layer ratio
of 3.2:1, consistent with a diagnosis of LVNC (Zurich and Mil-
waukee echocardiogram criteria >2:1).7 Expert 1’s interpreta-
tion of our MRI confirmed the diagnosis of LVNC, showing
prominent trabeculations in the left ventricular cavity extend-

ing to the apex, and established a ratio of nontrabeculated to
compacted myocardium of 3:1 (Petersen MRI criteria ratio
>2.3:1).8,9 A 24-hour Holter monitor to rule out nonsustained
ventricular tachycardia and aspirin, 81 mg/d, for stroke pre-
vention were recommended. An implantable cardiac defib-
rillator was deferred since the patient was asymptomatic with
a preserved ejection fraction. Notably, Expert 1 recom-
mended that the patient continue to refrain from organized
sports and avoid “burst exertional” activity, although recre-
ational aerobic activity would be regarded as safe.

Expert 2 performed an exercise treadmill test, which was
negative for arrhythmia. A transthoracic echocardiogram again
showed an ejection fraction of 60% and left ventricular tra-
beculations at the apex potentially consistent with LVNC. How-

Figure 1. Electrocardiogram Performed at Initial Visit
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Twelve-lead electrocardiogram
showing sinus rhythm, sinus
arrhythmia, anterior early
repolarization pattern, inverted
T wave in V1, and biphasic T wave in
lead III.

Figure 2. Echocardiogram Revealing Hypertrabeculation
but Normal Systolic Function
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A, Increased ventricular wall thickness. The left ventricular ejection fraction is
more than 55%. B, Prominent trabeculation of the apical portion of the left
ventricle with deep intertrabecular recesses. Arrowhead in each view indicates
area of hypertrabeculation.

Figure 3. Magnetic Resonance Imaging: Apical Hypertrabeculation
Without Segmental Myocardial Thinning

Magnetic resonance image showing no apical thrombi and no evidence of
systolic dysfunction. Arrowhead indicates area of hypertrabeculation.
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Hypertrabeculation vs. LV noncompaction



Case 2
21-y.o. triathlete of African descent, no family history
• Previously seen in office for pre-season pre-participation 

evaluation
• Returns 1 y later
• Change in LV 
trabeculation  

D'Ascenzi F et al. 
Int J Cardiol 2015;181:320

related to exercise-induced LV volume overload. However, no longitudi-
nal data supporting such hypothesis are available in athletes. In our
case series, we confirmed this thesis, by providing longitudinal data
on training-induced LV hypertrabeculation in athletes. LV trabecular
pattern observed at study entry further increased after training, resem-
bling in some cases the features of LVNC. We found that LV systo-
diastolic function was normal either before and after training and LV

strain waswithin the normal range, with a slight increase after training,
contrary to data observed in patients suffering from LVNC. Thus, our
data, although limited to a small population of selected athletes, further
support the interpretation of LV hypertrabeculation in athletes as a
benign consequence of exercise conditioning, particularly in athletes
of African/Afro-Caribbean origin. However, the diagnostic challenge re-
mains in these athletes that often exhibit significant repolarization

Fig. 1. Training-induced changes in resting ECG from two black professional basketball players demonstrating marked training-induced early repolarization, with typical ‘domed’ ST-
segment elevation followed by T-wave inversion in leads V1–V4.

Table 1
Left ventricular echocardiographic data obtained in top-level athletes before and after training.

Pre-training Post-training

EDV (mL) ESV (mL) EF (%) LVM (g) e′/a′ E/e′ GLS (%) EDV (mL) ESV (mL) EF
(%)

LVM (g) e′/a′ E/e′ GLS (%)

Case #1 121 45 62 185 2.4 4 −21 138 49 64 288 3.0 4 −21
Case #2 144 58 60 220 2.5 6 −22 153 65 57 233 2.3 5 −22
Case #3 126 60 58 227 2.6 4 −18 153 62 59 257 2.5 6 −21
Case n4 121 48 60 233 1.7 5 −20 157 55 65 376 1.9 3 −18

EDV, end-diastolic volume; ESV, end-systolic volume; EF, ejection fraction; LVM, left ventricular mass; and GLS; global longitudinal strain.

Fig. 2. Parasternal short-axis view in one black athlete (case #2) before, after training, and after detraining, demonstrating LV hypertrabeculation, particularly evident at mid-season
evaluation, during the most intensive conditioning period.
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LV noncompaction cardiomyopathy 



Tribute to fallen competitive & elite athletes of HK  



Factors that influence risks for SCD
• Important factors
 - Age
 - Nature of activity (competitive vs. recreational):
   ↑2.5X risk of SCD: Athletes > Non-athletes
 - Intensity (dynamic vs. static) and type of sport
 - Type of underlying heart disease/lesion

JACC Vol 7. No I 
January 1986:204-14 
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Figure 1. Causes of sudden death in competitive 
athletes. Estimated prevalences of diseases re•
sponsible for death are compared in young «35 
years old) and older (2:35 years old) athletes. Data 
shown are taken from Maron et al. (1) for young 
athletes and by collating several studies 
(2.3.5,65-67,70.71) for older athletes. HCM = 
hypertrophic cardiomyopathy; L VH = left ven•
tricular hypertrophy; MVP = mitral valve prolapse. 

< 35 YEARS OLD 35 YEARS OLD 

participated in a variety of sports (most frequently basketball 
and football) and most commonly are junior high school or 
high school athletes at death (1). Some sudden deaths. how•
ever, occur in young athletes who reach the collegiate or 
even professional level of competition. Usually such catas•
trophes occur during or just after exertion on the athletic 
field. and as a result death is often attributed to intense 
physical activity. 

At necropsy. most youthful. highly trained athletes who 
die suddenly show structural congenital cardiovascular le•
sions that probably or unequivocably could be ascertained 
to be the cause of death. In a series (l) of 29 young com•
petitive athletes who had died suddenly and prematurely. 
we found evidence of structural cardiovascular disease in 
28; in only I athlete was the heart structurally normal (Fig. 
2). We inferred that this individual may have died of a 
primary ventricular arrhythmia. 

A variety of cardiovascular diseases were responsible for 
sudden death in the 29 trained athletes (Fig. 2). The most 
common cause was hypertrophic cardiomyopathy. which 
occurred in about half of the patients. It should be empha•
sized. however. that the precise prevalence of cardiovas•
cular diseases in a group of athletes dying suddenly probably 
cannot be derived from our series because of unavoidable 

Ruptured 
Aorta 

(Martan) 

Athero- Congenital 
sclerotiC Coronary 
Coronary Anomaly 
Disease 

Probable 
CV Disease 

Idiopathic 8PB 
Concentric 4 Mitral 

LVH Valve 

Hyper•
trophic 
Cardio-

myopathy 

Prolapse 
+LVH 

limitations in patient selection. We did not study a consec•
utive series of sudden deaths in athletes occurring in a well 
defined geographic area. Instead, such deaths were identi•
fied from several locations in the United States in several 
ways: I) through news media reports describing sudden 
death in athletes, or 2) referral through hospital-based pa•
thology registries or medical examiner offices. Furthermore. 
we also required that the athlete's heart be available for 
examination. a stipulation that excluded many instances of 
sudden death from our series. In this report, we will describe 
each cardiovascular lesion that is a proved cause of sudden 
death in the young competitive athlete on the basis of data 
in our original study group (I) and in additional cases that 
were identified subsequently. 

Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy is a primary disease of 
cardiac muscle that is usually genetically transmitted (7) and 
is characterized by a hypertrophied but nondilated left ven•
tricle. in the absence of another cardiac or systemic disease 
that may produce left ventricular hypertrophy (8). This in•
crease in left ventricular mass usually results in impaired 
ventricular filling and compliance (9-12). 

Figure 2. Diagram summarizing the cause of 
death in 29 competitive athletes. CV = car•
diovascular; L VH = left ventricular hypertro•
phy. *Inc\udes one patient who also had anom-

No CV origin of the left coronary artery from 
Disease the anterior of Valsalva. 

Maron BJ et al. J Am Coll Cardiol 1986;7:204
Harmon KG et al. Br J Sports Med 2014;48:1185
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Causes of Sudden Cardiac Death (SCD) in Young Competitive Athletes 

Maron BJ et al. J Am Coll Cardiol 1986;7:204
Maron BJ et al. Circulation 2007;115:1643
Mejia-Lopez El. Focus on Electrophysiology: 
Sudden Death in Athletes, ACC.org (Dec 20, 2019)

up to 1:500
 

>90% ECGs 
normal

dissection have most commonly occurred in male basketball players, it could account for a
small fraction of the deaths in this population.

When talking about causes of SCD in athletes, it is helpful to consider them by two large age
groups: younger athletes (<35 years) and older athletes (>35 years). The causes of SCD in
younger athletes is commonly due to inherited cardiac conditions, while in older athletes it is
most often due to atherosclerotic coronary artery disease (Table).

Recent data from the National Collegiate Athletic Association athletes suggests that the most
common !nding at autopsy for SCD cases was a structurally normal heart (25 percent),3

implying that arrhythmias and other electrical disorders may be the most common etiology.
Coronary anomalies were the second most common !nding followed by hypertrophic
cardiomyopathy (HCM).

This is in contrast to data from Italy, where the most common cause of SCD in athletes was
arrhythmogenic right ventricular cardiomyopathy (ARVC), responsible for around 25 percent
of SCD cases in athletes.4-5

ARVC is a genetic cardiomyopathy with an estimated prevalence of 1 in 5,000 that is
characterized by !bro-fatty in!ltration and dilation of the right ventricle, but it may also
involve the left ventricle. Risk of ventricular arrhythmia is increased by exercise, and exercise
training itself may accelerate phenotypic expression of ARVC (Figure).

Figure (Panel A) Bipolar voltage map of a patient with aborted SCD, normal MRI and
suspected ARVC. (Panels B-C) Unipolar voltage map of a patient with ARVC identifying
the low voltage areas located at the triangle of dysplasia.

ARVC remains an important diagnosis to consider in U.S. athletes but is less common. It is
not clear whether the higher rate of ARVC-related SCD in international populations re#ects a
higher prevalence of this disease, exclusion of athletes with alternative diagnoses (i.e., HCM)
due to systematic preparticipation screening in other countries, or under-recognition of
ARVC in the U.S. athlete population.

Preparticipation Screening

Though SCD is rare, its occurrence in athletes who are often young and presumably healthy
has a large emotional and social impact on the community. Therefore, considerable e"ort
has been made to better understand the causes of SCD in athletes and to discover optimal
strategies for prevention.

Intense athletic activity can trigger SCD or disease progression in these susceptible
individuals. Prescreening competitive athletes can improve detection of cardiac
abnormalities and minimize the risks associated with athletic participation.

All preparticipation screening (PPS) programs aimed at identifying athletes at high risk of SCD
begin with a focused history and physical. The addition of the 12-lead ECG and/or additional
cardiac testing is a source of considerable ongoing debate.

The AHA and ESC both advocate PPS of young athletes on ethical, medical and legal
grounds.6 However, they di"er in that the AHA recommends taking a thorough medical and
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Fulghum and Hill Metabolic Effects of Exercise on the Heart

FIGURE 2 | Exercise-induced cardiac growth. Aerobic and resistance exercise elicit different forms of physiological cardiac remodeling. Hypertrophic responses are

primarily eccentric in nature for aerobic exercise and concentric in nature for resistance exercise. LA, left atrium; LV, left ventricle; LVWT, left ventricular wall thickness;

RA, right atrium; RV, right ventricle.

within 2 days after exercise (106). Acute decreases in cardiac
function could be due to multiple factors including decreased
sensitivity to catecholamines, blood volume redistribution
leading to decreased venous return, and cardiomyocyte
damage (95). With respect to the last possibility, mild cardiac
injury during intense exercise (e.g., marathons, triathlons) is
suggested by elevated levels of circulating cardiac troponins
[reviewed in (95)], which are typically used to diagnose
acute myocardial infarction (107), and exercise intensity is a
strong predictor of elevated circulating cardiac troponin levels
(108). Other biochemical indicators of cardiac dysfunction,
such as B-type natriuretic peptide (BNP) and its cleaved
N-terminal fragment (NT-proBNP) may be elevated up to
10-fold after endurance exercise events, but typically return
to baseline levels within a few days [reviewed in (95)]. It
is hypothesized that exercise-induced BNP/NT-proBNP is
indicative of mild myocardial injury (109) or may be a
physiological phenomenon important for cardiac adaptation
(110). Endurance exercise may also promote myocardial
fibrosis and increase coronary artery calcification (95), although

the clinical significance of these effects in athletes remains
unclear.

HOW DOES CARDIAC METABOLISM
CHANGE DURING EXERCISE?

The heart has a high energy demand, which requires continuous
ATP generation to sustain contractile function, ion homeostasis,
anabolic processes, and signaling (111–114). In normoxia,
the heart fuels ATP turnover by generating >95% of its
ATP from mitochondrial oxidative phosphorylation, with the
remaining 5% derived from substrate level phosphorylation
in glycolysis (113, 115). Although the majority of generated
ATP supports contractile function, relatively large quantities
of ATP are also necessary to maintain ionic homeostasis
through ion pumps (116, 117). Below we review some
fundamental aspects of cardiac metabolism, followed by the
acute metabolic changes in the heart caused by exercise
(Figure 3).

Frontiers in Cardiovascular Medicine | www.frontiersin.org 4 September 2018 | Volume 5 | Article 127

Fulghum K et al. Front Cardiovasc Med 2018;5:127
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Regular exercise training is known to be an effective
intervention that improves the quality of life (QoL) and
extends life expectancy [6, 78]. Exercise training, par-
ticularly aerobic exercise, plays a key role in reducing
morbidity and mortality and improving the conditions
of patients with cardiovascular diseases [49]. Although
the advantages of regular exercise training are multifac-
torial and reflect the integrated adaptations in various
organ systems [50, 93], many researchers have not de-
termined the extent to which exercise account for spe-
cific cellular and molecular mechanisms responsible for re-
versing cardiac contractile dysfunction and various metabolic
disorders.

A clear distinction in the upstream signaling path-
ways and the resulting transcriptional responses have
been observed between physiological and pathological
cardiac hypertrophy in the cellular and molecular levels
[83]. This review focuses on the cellular, molecular,
metabolic, and morphological cardiac adaptations to
chronic exercise training. First, we will review a
Bsystematic^ approach to defining cardiac adaptation
to exercise training in the cardiovascular system. We
will discuss whether exercise training contributes to
the development of physiological and pathological car-
diac hypertrophy. Additionally, we will discuss the

morphological characteristics of cardiac hypertrophy
and its effect on the progression of heart disease and
failure. Second, we will provide a general explanation
of the cellular and molecular events that cause physio-
logical cardiac adaptation. Studies have described vari-
ous molecular mechanisms that mediate the cardiac ad-
aptation to exercise training. For example, insulin-like
growth factor 1 (IGF-1) and other downstream signal-
ing pathways are key mediators of physiological cardiac
hypertrophy. Moreover, accumulating evidences from
mouse genetic models have proven that physiological
cardiac hypertrophy is directly antagonistic to patholog-
ical cardiac hypertrophy. Finally, the cellular and mo-
lecular mechanisms involved in the cardiac adaptation
to exercise training will be examined, followed by a
review of methods for identifying new therapeutic ap-
proaches to treat HF.

Cardiac adaptation to exercise training

The cardiovascular system reflects noticeable adaptations to
acute and chronic exercises. The core of these adaptations
involves the cooperative integration of changes in the cellular
and molecular signaling pathways within the cardiovascular

Fig. 1 Summary of physiological and pathological cardiac hypertrophy.
Solid arrows indicate proven pathways. Eccentric hypertrophy
(physiological): preserved, mildly enhanced cardiac function;
Concentric hypertrophy (pathological): compensated, preserved
contractile function; Eccentric hypertrophy (pathological): maladaptive

remodeling, contractile function; HFpEF: heart failure with preserved
ejection fraction; HFrEF: heart failure with reduced ejection fraction.
Reproduced Nakamura et al. [79] with permission of Springer Nature
Copyright Clearance Center’s RightsLink

Pflugers Arch - Eur J Physiol (2020) 472:155–168156

Seo DY et al. Pflügers Archiv Eur J Physiol 2020;472:155

Alamo L et al. eLife 2017;6:e24634



Pre-participation Cardiovascular 
Evaluation



• To detect as yet unrecognised CVD
• Early detection of (potentially) treatable condition (e.g. 

hypertension)
• Primary prevention of sudden deaths
• Secondary prevention of cardiovascular complications
• Opportunity to promote athlete health and prevent sudden 

cardiac death (SCD) at any time; maximise safe participation

Aims of cardiac screening in PPE

AAP, AAFP, ACSM. Preparticipation Physical Evaluation, 5th Ed. 2019.
Maron BJ et al. Circulation 2015;132:e267
Harmon KG et al. Br J  Sports Med 2014;48:1185
Roberts WO et al. Curr Sports Med Rep 2014;13:395





• ...cardiovascular abnormalities and 
diseases that are potentially 
responsible for sudden unexpected 
death...”

• “...to decrease their personal risk 
and generally make the athletic field 
a safer environment…”

“The central purpose of preparticipation 
screening of trained competitive athletes 
is to identify or raise suspicion of 
those…

Maron BJ et al. Circulation 2015;132:e267



General Approach to Cardiovascular PPE
• Hx: detailed personal (clinical, sport, social Hx), effects of exertion, 

any incidents (palpitations, syncope etc.); family hx
• PE
• 12-lead ECG
• Ambulatory (ECG) – on-body: Holter, 3d, 7d, 14d, 30d event 

recorder; implantable monitor
• TMET
• Rest TTE +/- stress
• CPET
• CT coronary angiography
• CMR



II. Evidence Base



• Specificity varies
• Specificity of screening including 
   Hx + PE + ECG: 70–95%
• No RCT exists
• Italian population-based (Veneto) 

study: 90% ↓ sudden death in young 
athletes after introduction of 
mandatory screening over 26 years

Does cardiac screening prevent sudden death in 
young athletes?

Van Brabandt H et al. BMJ 2016;353:i1156
Corrado D et al. JAMA 2006;296:1593

Veneto, Italy
(1979–2004)



Effects of screening on outcomes by country

Van Brabandt H et al. BMJ 2016;353:i1156

pe
r 1

00
00

0



Hx: 14-item AHA Cardiovascular Screening Checklist (2014)

Maron BJ et al. J Am Coll Cardiol 2014;64:1479



Wilson MG et al. Br J Sports Med 2008;42:157

Limitations of questionnaires

• 9 of 1074 had SCD
• None diagnosed as 

having had a disease 
associated with SCD 
were symptomatic or 
had F/Hx of note.



Williams EA et al. JAHA 2019;8:e012235

Limitations of the 14-element CV screening checklist

• N=3620 high school athletes 
(median age 16 years, 76.8% 
white, 8.0% black)

• Primary outcome: 
identification of a CV disorder 
associated with SCD

• Abnormal P/E: 9.8%
• Abnormal ECG: 2.8%• 0.4% had conditions associated with SCD

• Sensitivity & specificity: 14-element checklist, 18.8% & 68%
   ECG, 87.5% & 97.5% 



2020 ESC Guidelines on Sports Cardiology: Pearls

Pelliccia A et al. Eur Heart J 2020.
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consultations for other considerations, physicians are encouraged to
promote exercise in all patients.

Although proportionately scarce, exercise may paradoxically trig-
ger sudden cardiac arrest (SCA) in individuals with CVD, particularly
those who were previously sedentary or have advanced CVD.4,5 In
parallel with the drive to promote exercise in all individuals,6 it is
anticipated that physicians will be confronted with an increasing num-
ber of enquiries from individuals with established risk factors for cor-
onary artery disease (CAD) or established CVDs about participation
in exercise programmes and recreational sports activities. Such con-
sultations need to strike a balance between the multiple benefits of
exercise, the small risk of sudden death, and the patient’s goals for
cardiorespiratory fitness and ongoing participation in relatively stren-
uous exercise following a CV diagnosis.

The current Guidelines for exercise and sports participation in
individuals with CVD are the first of a kind by the ESC. Sports cardiol-
ogy is a relatively novel and emerging sub-speciality, therefore the
evidence base for the natural history of disease progression or risk of
death during intensive exercise and competitive sport among individ-
uals with CVD is relatively sparse. This is reflected by the fact that a
disproportionately large number of recommendations are reliant on
the wisdom and vast experience of the consensus group rather than
on large prospective studies. We acknowledge the inherent difficul-
ties in formulating recommendations for all scenarios in a heteroge-
neous population with a diverse spectrum of CVDs in light of the
limited availability of evidence. Therefore, these recommendations
should not be considered as legally binding and should not discourage
individual physicians from practising outside the remit of this docu-
ment, based on their clinical experience in sports cardiology.

Where possible, the Guidelines have included the most up-to-date
research in exercising individuals with CVD. The current Guidelines
also draw upon existing ESC Guidelines for the investigation, risk
assessment, and management of individuals with CVDs to aid physi-
cians when prescribing exercise programmes or providing advice for
sports participation. We hope that the document will serve as a use-
ful clinical guide but also as an incentive for future research to chal-
lenge established wisdom.

In line with good clinical practice, the present document encour-
ages shared decision making with the athlete patient and respects the
autonomy of the individual after provision of detailed information
about the impact of sports and the potential risks of complications
and/or adverse events (Central illustration). Similarly, all exercise pre-
scription and related discussions between the individual and the
physician should be documented in the medical report.

3. Identification of cardiovascular
disease and risk stratification in
individuals participating in
recreational and competitive
sports

3.1 Introduction
Higher levels of PA and fitness are associated with lower all-cause
mortality, lower rates of CVD, and lower prevalence of several

known malignancies.7!16 Despite the substantial health benefits pro-
vided by regular PA, intense exercise may paradoxically act as a trig-
ger for life-threatening ventricular arrhythmias (VAs) in the presence
of underlying CVD. Indeed, sudden cardiac death (SCD) is the leading
cause of sports and exercise-related mortality in athletes.17!19 CV
safety during sports participation for individuals at all levels and ages
is imperative to avoid catastrophic and often preventable SCD and
has become a common goal among medical and sports governing
organizations.20!24

Pre-participation CV screening aimed at the detection of disorders
associated with SCD is universally supported by major medical soci-
eties.20!22,25,26 However, the best method for CV screening of
young competitive athletes (<35 years old) remains controversial,
and limited data are available to guide recommendations in master
athletes (>_35 years old)

Screening strategies must be tailored to the target population and
the specific disorders with highest risk. SCD in young athletes is
caused by a variety of structural and electrical disorders of the heart,
including cardiomyopathies, ion channel disorders, coronary anoma-
lies, and acquired cardiac conditions.17,27,28 In adult and senior ath-
letes, atherosclerotic CAD is the primary condition leading to major
adverse cardiovascular events (MACE).28,29

3.2 Definitions of recreational and
competitive athletes
The ESC defines an athlete as ‘an individual of young or adult age,
either amateur or professional, who is engaged in regular exercise
training and participates in official sports competition’.1,30 Similarly,
the American Heart Association (AHA) and others define a competi-
tive athlete as an individual involved in regular (usually intense) train-
ing in organized individual or team sports, with an emphasis on
competition and performance.31,32 Athletes involved in competitive
sports span the age spectrum and can compete at the youth, high
school, academy, university, semi-professional, professional, national,
international, and Olympic levels. As a distinction, a recreational ath-
lete engages in sports for pleasure and leisure-time activity, whereas
a competitive athlete is highly trained with a greater emphasis on per-
formance and winning. In a proposed classification of athletes based
on the minimum volume of exercise, ‘elite’ athletes (i.e. national
team, Olympians, and professional athletes) generally exercise >_10
h/week; ‘competitive’ athletes [i.e. high school, college, and older
(master) club level athletes] exercise >_6 h/week; and ‘recreational’
athletes exercise >_4 h/week.33 This distinction is somewhat arbitrary
since some recreational athletes, such as long-distance cyclists and
runners, engage in exercise at higher volumes than some professional
athletes participating in skill sports.

3.3 Exercise-related major adverse cardi-
ovascular events
Exercise-related MACE include SCA and SCD; acute coronary syn-
dromes (ACS) such as myocardial ischaemia and myocardial infarc-
tion (MI); transient ischaemic attacks (TIA) and cerebrovascular
accidents (CVA); and supraventricular tachyarrhythmias.

SCA is defined as an unexpected collapse due to a cardiac cause in
which cardiopulmonary resuscitation (CPR) and/or defibrillation is
provided in an individual regardless of the survival outcome.17,27,32

ESC Guidelines 9
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How useful is the physical exam?



• Retrospective analysis

• 15,141 indiv. aged 12–19 y 
who underwent cardiac screen 
w/ Hx, P/E and ECG

• Murmurs classified as 
'physiologic' or 'pathologic'

• Primary outcome: echo-
detected structural heart 
disease associated with SCD



Murmur (+)
on Exam

'Pathologic
Murmur'

'Physiologic
Murmur'

ECG

Abnormal Normal

Further evaluation
of SHD based on 
clinical suspicion

Cardiac imaging
per current guidelines

to rule out cardiomyopathy

Austin AV et al. Br J Sports Med 2022;56:88



Detecting structural HD on P/E
• Findings: 
 - 905 participants w/ murmur(+) vs. 4333 murmur(–)
 - 743 (82%) physiological | 162 (18%) pathological à 25 (2.8%) 

murmur(+) & 61 (1.4%) murmur(–) had structural HD;
 - in the former, 3 (0.3%) had HCM, the only condition assoc. w/ SCD; 

among them, 2 had physiologic murmur but all 3 had abnormal ECGs

• Conclusion:  1) Classifiction of murmurs as 'physiologic' or 'pathologic' 
   does not differentiate structural HD (a SCD risk)

   2) Perform ECG if any murmur to increase detection of HCM. 

Austin AV et al. Br J Sports Med 2022;56:88



_

NSR, normal axis, LVH, abnormal repolarization changes, 
TWI in inferior and anterolateral leads

Professional 
athlete with
HCM



Reason for including ECG in PPE: 
IOC Manual of Sports Cardiology

• Hx & PE have very low sensitivity
• Sensitivity of cardiac screening improved with addition of ECG (↑ Dx 

power): 5X and 10X compared to Hx and P/E, respectively
• Majority (but not all) athletes with cardiac abnormalities will have an abnormal 

ECG: >90% pts with HCM
 >60% pts with ARVC
 WPW, LQTS, Brugada syndrome, AV blocks
• In a systematic review/meta-analysis of 15 studies (N=47,137), sensitivity and 

specificity = 94% and 93%, respectively.

Pelliccia A & Corrado D. Ch. 8 in: IOC Manual of Sports Cardiology. Ed: Wilson, Drezner & Sharma (2017).



2017 International Criteria for ECG interpretation in Athletes

Drezner JA et al. Br J Sports Med 2017;51:704

• Of note:
- Endorsed and/or affirmed by 13+ 
international professional 
organisations 

- "Each revision of the ECG 
standards has improved specificity 
while maintaining the sensitivity 
for ECG-detectable pathological 
conditions associated with SCD."

- Total ECG abnormal rate declined 
– 21.5% (ESC), 9.6% (Seattle) and 6.6% 
(2017 Int'l) – while all 3 identified 
98.1% of athletes with HCM



• Limitations:
 - will not detect all conditions predisposing to SCD

 - not detected by ECG: anomalous coronary arteries,   
  premature coronary atherosclerosis, aortopathies

 - possible inter-observer variability
 - possible inaccurate ECG lead placement

2017 International Criteria for ECG interpretation in 
Athletes

Drezner JA et al. Br J Sports Med 2017;51:704



•  HCM, 5-10% normal
•  Anomalous coronary artery, >90% normal
•  Long QT & heritable arrhythmias, 25% normal
•  CPVT, normal at rest (Hx important)

Mejia-Lopez El. Sudden Death in Athletes | ACC.org (Dec 20, 2019)

Performance of ECGs in Pre-participation 
CV evaluation



Pelliccia A et al. Eur Heart J 2020.

2020 ESC Guidelines on Sports Cardiology: Pearls

There is insufficient 
evidence to recommend 
TTE for routine 
screening.



III. HKSI experience: data from 2020-2022 
screening



2021 APSC Consensus Recommendations: Classification of Sports

Wang L et al. Eur Cardiol. 2021;16:e44
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output in proportion to the metabolic demand ( ):
.
Vo2  for 

every 1 L/min increase in oxygen uptake, there is an obli-
gate requirement for a 5 to 6 L/min increase in cardiac out-
put4,11 as a function of the Fick equation. This increase is 
independent of age, sex, or fitness.4,12,13

Both dynamic and static exercise result in an increase in 
myocardial oxygen demand: heart rate, wall tension (before 
and after the contraction, which determines preload and 
afterload), and contractile state of the LV14. During high-
intensity dynamic exercise, there is a large increase in heart 
rate and an increase in stroke volume that is achieved by both 
an increase in end-diastolic volume (Frank-Starling mecha-
nism)15 and a decrease in end-systolic volume (increased 
contractile state); for athletes, the most important factor 
is the increase in end-diastolic volume.16 In high-intensity 
static exercise, a smaller increase occurs in heart rate, and 
little change occurs in end-diastolic and end-systolic vol-
umes of the LV; however, arterial pressure and contractile 
state of the ventricle are increased. Thus, dynamic exercise 
primarily causes a volume load on the LV, whereas static 
exercise causes a pressure load. Virtually all sports require a 
combination of both types of effort, although when both are 
high, such as in rowing sports, the rise in blood pressure may 

be dramatic,17 and the cardiac adaptation is among the most 
prominent of all sports18.

Classification of Sports
On the basis of these considerations, the following matrix 
was developed (Figure). This Figure has been modified only 
slightly from the initial derivation published in the 36th 
Bethesda Conference, mostly to emphasize a more graded 
increase in effort/cardiovascular load between categories as 
opposed to a hard, discrete distinction.

Each sport is categorized by the level of intensity (low, 
medium, high) of dynamic or static exercise generally 
required to perform that sport during competition. It also 
recognizes those sports that pose a significant risk because 
of bodily collision, either because of the probability of hard 
impact between competitors or between a competitor and 
an object, projectile, or the ground, as well as the degree 
of risk to the athlete or others if a sudden syncopal event 
occurs. Thus, in terms of their dynamic and static demands, 
sports can be classified as IIIC (high static, high dynamic), 
IIB (moderate static, moderate dynamic), IA (low static, 
low dynamic), and so forth. For example, an athlete with a 
cardiovascular abnormality that would preclude a sport that 

Figure. Classification of sports. This classification is based on peak static and dynamic components achieved during competition; 
however, higher values may be reached during training. The increasing dynamic component is defined in terms of the estimated 
percentage of maximal oxygen uptake (Vo 2max

.
)  achieved and results in an increasing cardiac output. The increasing static component 

is related to the estimated percentage of maximal voluntary contraction reached and results in an increasing blood pressure load. 
The lowest total cardiovascular demands (cardiac output and blood pressure) are shown in the palest color, with increasing dynamic 
load depicted by increasing blue intensity and increasing static load by increasing red intensity. Note the graded transition between 
categories, which should be individualized on the basis of player position and style of play. *Danger of bodily collision (see Table for more 
detail on collision risk). †Increased risk if syncope occurs. Modified from Mitchell et al3 with permission. Copyright © 2005, Journal of the 
American College of Cardiology.
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Modified from ACC/AHA classification:



2021 APSC Classification of Sports: HKSI data from 2020–2022

Unpublished data

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Sports undertaken by athletes of the Hong Kong Sports Institute (HKSI) are categorised using the sports classification scheme of the Asia Pacific Society of 
Cardiology (APSC) based on static and dynamic components. *Sports activities with para-sports equivalent, as listed by International Paralympic Committee. Modified from 

 APSC HKSI  APSC HKSI APSC HKSI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Static 

High 
(>30%) 

 
Class III 

Artistic swimming  
Weightlifting  
Powerlifting  
Sailing 
Windsurfing  

Gymnastics  
Kart 
Sailing  
Windsurfing  
 

Judo 
Silat Pencak  
Bodybuilding  
Wrestling, freestyle 
or Greco-Roman  

Judo  Pentathlon  
Muay Thai, Vovinam  
Kickboxing/ boxing  
Mixed martial arts  
Canoe*/kayaking  
Cycling* 
Rowing* 
Triathlon* 

Cycling  
Rowing  
Triathlon  
Para triathlon (physical 
disability) 
Mountaineering  
IASS-boxing  
IASS-canoe  
 

Moderate 
(10–20%) 

 
Class II 

Archery  
Diving  
Equestrian  

Equestrian  
IASS-archery  
Para archery (physical 
disability)  
 

Wushu 
Fencing  
Athletics 
Cricket  
Rugby  
Running (sprint)  
Taekwondo*/ Karate 

Wushu  
Fencing  
Wheelchair fencing 
(physical disability)  
Rugby Seven  
Karate  
Taekwondo  
Para athletics 
(physical disability) 
Para athletics 
(intellectual 
disability) 

Volleyball*/beach 
volleyball 
Running (middle-
distance)  
Swimming*/water polo  
Basketball*/netball 
Sepak Takraw* 
Handball 
Hockey* 
Tennis* 

Swimming  
Para swimming 
(intellectual disability)  
Tennis  
Skating  
Life saving  
Roller Sports  
IASS-beach volleyball  
IASS-handball  
 

Low 
(<10%) 

 
Class I 

 

Petanque*  
Boccia  
Sailing* 
Shooting* 
Billiards/ snooker  
Electronic sports  
Chess  
Golf  
Bowling  

Billiard sports  
Tenpin bowling  
Boccia (physical 
disability)  
Lawn bowls  
Para lawn bowls 
(Physical disability)  
Para tenpin bowling 
(physical disability) 
Golf  
IASS-shooting  

Dance sport* 
Baseball* 
Softball* 
Fencing* 
Table tennis* 

Table tennis  
Para table tennis 
(physical disability) 
Para table tennis 
(intellectual 
disability)  
Dance sport  

Soccer* 
Athletics*: track/road  
Marathon* 
Racewalk  
Badminton*/squash  
Long-distance running  

Badminton  
Para badminton 
(physical disability)  
Squash  
Orienteering  
Shuttlecock  

 
 

Low (<50%) 
Class A 

Moderate (50–75%) 
Class B 

High (>75%) 
Class C 

  
 

Dynamic 
 



Overview of Cases Identified on PPE at HKSI and Subsequent Determination of 
Normal or Abnormal Findings by Cardiovascular Specialist

Unpublished data

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Frequency of normal (blue) and abnormal (orange) cases identified on pre-participation cardiovascular evaluation during the seasons 
2020/21 through 2022/23 as classified by static and dynamic components of each sport (see also Figure 1). Percentages indicate the proportion of 
abnormal cases. 
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Unpublished data

ECG abnormalities Positive diagnosis Intervention
Preexcitation 10 1
Q wave 5
LBBB 1
RBBB with/without axis deviation 5
RVH with RAD
Prolonged QT 21
ST depression 2
T wave inversion 19
Frequent atrial ectopic beats
Frequent ventricular ectopic beats 11 1

Echocardiographic abnormalities
Hypertrophhic cardiomyopathy 2
Anomalous coronary artery 2 1
Atrial septal defect 1 1
Ventricular septal defect
Patent foramen ovale
Bicuspid aortic valve
Mitral valve prolapse with moderate MR
Moderate aortic regurgitation
Pericardial effusion of unknown aetiology
LV systolic dysfunction (LVEF <50%) 1

2020/21-2022/23 Season



Summary (1/2)
• There is an agreement and consensus that athletes should undergo 

pre-participation CV evaluation.

• Resources may limit the scale and depth of evaluation.

• Higher priority should be given to high-intensity sport (high static and 
dynamic components).

• No programme can identify all athletes at risk of SCD.

• Knowledge of epidemiology and having local data are important.



Summary (2/2)
• Hx is a critical component of pre-participation CV evaluation:
 - Structured forms (efficacy & efficiency?) vs. detailed interview
 - Exertion & red-flag incidents
 - Personal (incl. social, med & drug use) and family history
 - Cardiovascular hx (e.g. previous surgery, procedures, devices)
• PE: BP/P, anthropometry, cardiovascular - auscultation, pulses, 

stigmata & signs

• Ix: resting (ECG, TTE, Holter etc.), stress tests, advanced imaging

• Referral to specialist



Thank you!

erikymfung@cuhkmc.hk


