
Prevention and Management of Sudden Cardiac Death in 
Athletes

Introduction
All over the world sports-related medical 
fraternity and sports governing bodies 
dedicate a lot of time and resources to 
injury prevention and risk mitigation 
strategies. Among the list of injury-
preventable conditions, sudden cardiac 
death (SCD) tops the list. Even among 
the cardiac pathologies, SCD or sudden 
unexplained death occupies the highest 
percentage in the United Kingdom 
registry, US military registry, and NCAA 
registry [1, 2, 3]. To make sports safer for 
both recreational and professional 
athletes and to push their bodies to the 
maximum limit, much progress is still yet 
to be made.
SCD is defined as natural death due to 

cardiac causes, heralded by abrupt loss of 
consciousness within 1 h after the onset 
of symptoms. The mechanisms are the 
following: (1) Ventricular fibrillation, 
(2) Ventricular tachycardia and flutter 
with subsequent ventricular fibrillation, 
( 3 )  t o r s a d e  d e  p o i n t e ,  a n d  ( 4 ) 
Bradyarrhythmias and asystolic Arrest 
[4].
SCD is the leading cause of death in 
athletes during exercise and usually 
results from intrinsic cardiac conditions 
that are triggered by the physiologic 
demands of vigorous exercise. Current 
rates of SCD appear to be at least 4 to 5 
times higher than previously estimated, 
in the range of 1 in 50,000 athlete-years 
overall [5]. <35 years individuals, fall into 

three categories-electrical, acquired, and 
structural cardiac abnormality. Most of 
them are inherited disorders and are 
always quiescent and predispose the 
athletes to inherited SCD. Examples of 
t h es e  ab n o r ma l i t i es :  St r u c t u ra l -
Hypertrophic Cardiomyopathy, Right 
Ventricular Cardiomyopathy, Electrical-
Wolff-Parkinson-W hite syndrome, 
Brugada Syndrome, and Acquired - 
Myocarditis, Toxicity [1].
SCD can be a devastating condition and 
can present without any warning signs in 
seemingly normal athletes. Years of 
accumulated training bring about 
significant physiological changes in the 
athlete’s heart. This remodeling of the 
heart is due to multiple factors. These 
changes  can be  demonstrated in 
e l e c t r o c a r d i o g r a p h y  a n d 
echocardiography. The incidence rate 
drastically differs ranging from 1:917000 
athlete years (AY) to 1:3000 AY based on 
the methodological design. Among 
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Sudden cardiac death (SCD) is the biggest challenge of all sports emergencies, as it is the leading cause of preventable deaths in both 
professional and recreational athletes. There is also an ongoing concern about COVID-19-associated cardiac pathology among 
athletes because myocarditis is an important cause of SCD during exercise. Hypertrophic cardiomyopathy represents 24% of SCD 
and Sudden Unexplained Death (normal heart at autopsy) represents 34% of SCD. To make sports participation safer, it is 
important to synergistically combine primary prevention of SCD by pre-participation identification of athletes affected by at-risk 
cardiomyopathies and secondary prevention with backup defibrillation of unpredictable sudden cardiac arrest on the field. The 
prompt application of an automated external defibrillator itself is associated with a greater likelihood of survival. With the 
advancement in the field of sports cardiology, the implantation of implantable cardioverter defibrillator has been promising in 
getting the athlete back on the field including in contact sports. Hence, knowledge of primary and secondary prevention is of great 
importance in reducing the incidence of SCD as well as improvising existing strategies.
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college athletes, the incidence is shown 
to be 1:50000 AY, and among high school 
athletes, it is 1:80000 AY [5]. Several 
studies have noted the morphology of a 
normal heart and these cases are referred 
to as sudden death syndrome, autopsy 
negative SCD, or sudden unexplained 
death [6].
Evaluating the nature of SCD in athletes 
needs a deeper understanding of the risk 
factors involved, nature of the sport, the 
extent of cardiac remodeling , pre-
participation screening methods, and on 
the f ield/f irst aid measures.  This 
narrative review gives a comprehensive 
knowledge of SCD in athletes and 
ev idence-based recommendations 
which can be applied in clinical practice.

Risk Factors
The age group of <35 years, males > 
females, genetics, training years, type of 
training, nutrition, comorbidities, black> 
white, high intensity> Moderate- low-
intensity sports have a higher incidence 
of SCD [7]. Although athlete heart 
includes both structural and functional 
adaptations, the most common autopsy 
findings were autopsy-negative sudden 
unex plained death.  Hy per trophic 
cardiomyopathy is the most common 
c a u s e  o f  S C D  2 4 %  a n d  s u d d e n 
unexplained death (normal heart at 
autopsy) represents 34% according to 
Maron et al. [8]. The leading cause of 
death for players >35 years is coronary 
artery disease, and <35 years is sudden 
unexplained death. Cardio pulmonary 
resuscitation (CPR) resulted in a survival 
rate of 85% with the use of automated 

external defibrillator (AED), and 35% 
without AED [9].
Globally, about 90 genes associated with 
hereditary cardiomyopathies have been 
identified.
The advent of the next-generation 
sequencing has provided an important 
tool in the molecular genetics of 
inherited cardiac diseases, providing a 
relatively inexpensive instrument with 
which to investigate a broad spectrum of 
genes involved in ion channel disorders 
a n d  c a r d i o my o p a t hy.  Fo l l o w i n g 
conditions are proven to have positivity 
o f  g e n e t i c  b i o m a r k e r s :  B r u g a d a 
syndrome (SCN3B, ABCC9), long QT 
s y n d r o m e  ( K C N H 2 ,  K C N Q 1 ) , 
ar rhy thmogenic  card iomyopathy 
(PKP2), dilated cardiomyopathy (TTN, 
LMNA), hypertrophic cardiomyopathy 
(MYBPC3, MYH7), left ventricular non-
compaction (MYH7), and restrictive 
cardiomyopathy and catecholaminergic 
polymorphic ventricular tachycardia 
[10].

Athletes Heart
Cardiac adaptation is defined as a 
continuous process and is said to vary 
w i t h i n  t h e  s a m e  s p o r t .  C a r d i a c 
adaptation to exercise is dimensional 
rather than functional. The slight 
decrease in EF in some athletes could be 
explained by cardiac dyssynchrony. 
Dynamic exercise leads to eccentric left 
ventr icular  remodeling and r ight 
ventricular dilatation. Cardiac MRI is 
very helpful in distinguishing athletes’ 
heart from cardiomyopathy conditions 
such as HCM and ARVC, particularly in 

extreme cases of overlap which are seen 
in elite athletes. Enlargement of cardiac 
chambers, a modest increase in wall 
thickness w ith preser ved systolic 
function, normal or enhanced diastolic 
f u n c t i o n ,  a n d  n o r m a l  s t r a i n 
measurements support adaptive changes 
[11].
The endurance athlete will develop 
morphological, functional, and electrical 
characteristics of the athletic heart and 
for a small minority this will place them 
in a diagnostic “grey zone.”
In the vast majority of endurance 
athletes, the chronic accumulation of 
acute exercise stress will produce a 
healthy, physiological adaptation [12]. 
Regular sports participation and training 
causes a decrease in resting heart rate due 
to increase in the vagal tone [13].
According to a modern definition of 
athlete’s heart, the athlete’s heart should 
no longer be defined by outdated 
concepts of volume and pressure load. 
The effect of strength and power training 
on cardiovascular  adaptation has 
repeatedly been demonstrated to be 
manifold less important than exercise 
intensity and exercise duration. Thus 
clinicians must consider a much simpler 
appreciation of the athlete’s heart, 
defined by the two simple variables of 
exercise intensity and duration. The 
result can be measured by testing fitness 
and monitoring the training [14].

Pre-Participation Screening
A systematic review/meta-analysis from 
Harmon et al. [7] reported a sensitivity 
and specificity for the detection of 
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Figure 5: Bilobed osteochondroma.
Figure 6: Histopathological examination 
confirming the diagnosis.

Primary prevention Secondary prevention

Symptomatic history during play Prompt on-field identification of Cardiac arrest

Family history for genetic predisposition Early defibrillation

Routine clinical examination Immediate hospital-based cardiac intensive care

Screening with 12 lead ECG Implantation of ICD

Annual cardiac profiling Tailored Cardiac rehabilitation

Awareness, and education of athletes, coaches, and 

parents on common cardiac pathologies

Careful decision on return to play following 

cardiac procedures

Table 1: Primary and secondary preventive strategies for SCD



serious cardiac abnormalities to be 20% 
and 94%, respectively, for the history and 
9% and 97%, respectively, for the physical 
examination. This seemingly reflects a 
high variety of initial positive responses 
(24–68%) reportable by high school and 
school athletes on questionnaires.
Despite uncertainty on the risk factors, 
there is universal agreement from the 
American Heart Association (AHA), 
international olympic committee, 
European Society of Cardiology, and 
Federation Internationale de Futbol 
A s s o c i a t i o n  t h a t  c a r d i o v a s c u l a r 
s c r e e n i n g  i n  a t h l e te s  s h o u l d  b e 
u n d e r t a k e n  [ 1 5 ] .  T h e  g o a l  o f 
cardiovascular screening is to identify 
athletes with intrinsic cardiac disorders at 
risk for SCD and to maximize their health 
and safety on the playing field. ECG 
improves the ability to detect many of the 
diseases associated with SCD. The ECG 
has enhanced sensitivity to detect ion 
channelopathies as well as primary 
electrical diseases.
The ECG exhibits superior sensitivity 
compared to histor y and physical 
examination to detect conditions 
predisposing to SCA/D. However, the 
identif ication of disease does not 
necessarily lead to a significant reduction 
i n  S C A / D .  T h e  “ C a n a d i a n 
Cardiovascular Society/Canadian Heart 
R h y t h m  S o c i e t y  Jo i n t  Po s i t i o n 
Statement on the Cardiovascular 
Screening of Competitive Athletes” 
recommended against the routine 
performance of an ECG for the initial 
cardiovascular screening of competitive 
athletes [16].
A s strongly recommended in the 
“ C a n a d i a n  C a r d i o v a s c u l a r 
Societ y/Canadian Hear t  R hy thm 
Society Joint Position Statement on the 
C a r d i o v a s c u l a r  S c r e e n i n g  o f 
Competitive Athletes,” AED access and 
e m e r g e n c y  a c t i o n  p l a n s  a r e  t h e 
foundation of ensuring the enhanced 
safety of our athletes [17].

On-Field Management

A study from Weisfeldt et al. [18] 
demonstrated that prompt application of 
an AED is associated with a greater 
likelihood of survival (odds ratio: 1.75; 
95% confidence interval: 1.23 to 2.50; 
p<0.002). Highest survival to hospital 
discharge noted in places of recreation. 
For instance, very recently 30-year-old 
Denmark Footballer Christian Eriksen 
collapsed on-field during Euro 2020 
Group B fixture due to sudden cardiac 
arrest, he was administered CPR and 
application of AED on-field and shifted 
to hospital care. He is the first top-flight 
player f itted w ith an implantable 
cardioverter defibrillator (ICD), which 
can reset the heart following an electrical 
abnormality. Such lifesaving incidents 
paves way for more extra v igi lant 
measures in on field care.

Post-COVID and SCD
In this era of COVID-19, where the virus 
has proven to be an important cause of 
SCD during exercise due to myocarditis 
has increased the concern for athlete’s 
cardiac health. Emerging observational 
data coupled with widely publicized 
reports of athletes in competitive sports 
with reported COVID-19-associated 
c a r d i a c  p a t h o l o g y  s u g g e s t  t h a t 
myocardial injury may occur in cases of 
COVID-19 that are asymptomatic and of 
mild severity. In the absence of definitive 
data, there is ongoing uncertainty about 
the optimal approach to cardiovascular 
r i s k  s t rat i f i c at i o n  o f  at h l e te s  i n 
competitive sports following COVID-19 
infect ion [19].  Fol low ing Spor ts 
eligibility myocarditis recommendations 
have been made by a scientific statement 
from the AHA and the American College 
of Cardiology [20]: 1. Before returning 
to sports, athletes diagnosed with a 
clinical syndrome consistent with 
myocarditis should undergo a resting 
e c h o c a r d i o g r a m ,  2 4 - h  H o l t e r 
monitoring, and an exercise 12-lead 
electrocardiogram no <3 to 6 months 
after the illness (Class I; level of evidence 
C), 2. It is reasonable that athletes can 

resume training and/or competition if all 
of the following criteria are met (Class 
IIa; level of evidence C): A. Ventricular 
systolic function has normalized. B. 
Serum markers of myocardial injury, 
heart failure, and inflammation have 
returned to normal levels. C. Clinically 
relevant arrhythmias on Holter monitor 
and graded exercise 12-lead ECG are 
absent.

P r e v e n t i v e  S t r a t e g i e s -
Recommendations
The best  st rateg y  i s  to  comb ine 
synergistically primary prevention of 
SCD by pre-participation identification 
o f  a t h l e t e s  a f f e c t e d  b y  a t - r i s k 
cardiomyopathies  and secondar y 
prevention with backup defibrillation of 
unpredictable sudden cardiac arrest on 
the athletic field [21].
As with all things in American medicine, 
there are legal ramifications in the cardiac 
screening debate. Lawsuits might arise if 
a n  a t h l e t e  i s  p r o h i b i t e d  f r o m 
participating in sports. Lawsuits might 
also arise if an athlete is cleared for sports 
participation and then dies of SCD. Once 
an athlete is restricted from play and 
follows the advice of their physician, it 
does not necessarily eliminate the risk of 
sudden death. SCD is more common 
during physical exertion but can occur at 
any time. Furthermore, restriction from 
physical activity may itself be harmful. 
Exercise is good for cardiovascular health 
and emotional well-being [22].

ICD
The ICD Sports Safety Registry is a 
m u l t i n a t i o n a l ,  p r o s p e c t i v e , 
observational registry. It was established 
to identif y and quantif y the risks 
associated with sports participation for 
ICD patients. The ICD sports registry 
prospectively follows athletes who 
continue sports participation after 
receiving an ICD. Competitive sports 
participation for patients with an ICD no 
longer carries a blanket restriction, but 
rather, recommendations need to be 
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Figure 7: Post-operative X-ray of the left 
leg (Lat.) (3 months).

Figure 8: Squatting picture at 3 months



  Journal of Clinical Orthopaedics  Published by Orthopaedic Research Group  Volume 7  Issue 2  Jul-Dec 2022  Page 73-77© | | | | ||

www.jcorth.comThiagarajan A, et al

1. Emery MS, Kovacs RJ. Sudden cardiac death in athletes. JACC 
Heart Fail 2018;6:30-40.

2. Terlep S. Getting to the Heart of the Matter: Should NCAA 
Require EKG Testing? New York: Wall Street Journal; 2015. 
Available from: https://www.wsj.com/articles/getting-to-the-
heart-of-the-matter-should-ncaa-require-ekg-testing-
1432749315 [Last accessed on 2022 Mar 16].

3. Eckart RE, Shry EA, Burke AP, McNear JA, Appel DA, Castillo-
Rojas LM, et al. Sudden death in young adults: An autopsy-
based series of a population undergoing active surveillance. J 
Am Coll Cardiol 2011;58:1254-61.

4. Evéquoz D, Zuber M, Erne P. Sudden cardiac death: definition, 
mechanisms and risk factors. Praxis (Bern 1994) 1996;85:188-
96.

5. Asif IM, Harmon KG. Incidence and Etiology of sudden cardiac 
death: New updates for athletic departments. Sports Health 
2017;9:268-79.

6. De Noronha SV, Sharma S, Papadakis M, Desai S, Whyte G, 
Sheppard MN. Aetiology of sudden cardiac death in athletes in 
the United Kingdom: A pathological study. Heart 2009;95:1409-
14.

7. Harmon KG, Asif IM, Maleszewski JJ, Owens DS, Prutkin JM, 
Salerno JC, et al. Incidence, cause, and comparative frequency 
of sudden cardiac death in national collegiate athletic 
association athletes: A decade in review. Circulation 
2015;132:10-9.

8. Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller FO. Sudden 
deaths in young competitive athletes: Analysis of 1866 deaths 
in the United States, 1980-2006. Circulation 2009;119:1085-
92.

9. Egger F, Scharhag J, Kästner A, Dvořák J, Bohm P, Meyer T. 
FIFA sudden death registry (FIFA-SDR): A prospective, 
observational study of sudden death in worldwide football from 

2014 to 2018. Br J Sports Med 2022;56:80-7.

10. Barretta F, Mirra B, Monda E, Caiazza M, Lombardo B, Tinto N, 
et al. The hidden fragility in the heart of the athletes: A review of 
genetic biomarkers. Int J Mol Sci 2020;21:6682.

11. Albaeni A, Davis JW, Ahmad M. Echocardiographic evaluation 
of the Athlete’s heart. Echocardiography 2021;38:1002-16.

12. George K, Whyte GP, Green DJ, Oxborough D, Shave RE, 
Gaze D, et al. The endurance athletes heart: Acute stress and 
chronic adaptation. Br J Sports Med 2012;46:i29-36.

13. D’Souza A, Bucchi A, Johnsen AB, Logantha SJ, Monfredi O, 
Yanni J, et al. Exercise training reduces resting heart rate via 
downregulation of the funny channel HCN4. Nat Commun 
2014;5:3775.

14. Beaudry R, Haykowsky MJ, Baggish A, La Gerche A. A modern 
definition of the athlete’s heart-for research and the clinic. 
Cardiol Clin 2016;34:507-14.

15. Asif IM, Rao AL, Drezner JA. Sudden cardiac death in young 
athletes: What is the role of screening? Curr Opin Cardiol 
2013;28:55-62.

16. McKinney J, Johri AM, Poirier P, Fournier A, Goodman JM, 
Moulson N, et al. Canadian cardiovascular society 
cardiovascular screening of competitive athletes: The utility of 
the screening electrocardiogram to predict sudden cardiac 
death. Can J Cardiol 2019;35:1557-66.

17. Johri AM, Poirier P, Dorian P, Fournier A, Goodman JM, 
McKinney J, et al. Canadian cardiovascular society/Canadian 
heart rhythm society joint position statement on the 
cardiovascular screening of competitive athletes. Can J Cardiol 
2019;35:1-11.

18. Weisfeldt ML, Sitlani CM, Ornato JP, Rea T, Aufderheide TP, 
Davis D, et al. Survival after application of automatic external 
defibrillators before arrival of the emergency medical system: 
Evaluation in the resuscitation outcomes consortium 

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the patient has 
given his consent for his images and other clinical information to be reported in the Journal. The patient understands that his name and initials 
will not be published, and due efforts will be made to conceal his identity, but anonymity cannot be guaranteed.
Conflict of Interest: NIL; Source of Support: NIL

References

considered. Prevention of inappropriate 
shock is also critical for the athlete, in 
whom sinus rates may be above standard 
r ate  c u to f f s .  Ty p e s  o f  I C D s  a re 
transvenous and subcutaneous. On the 
other hand, in contact sports, the 
position of the generator may drive the 
decision. For the transvenous device, the 
ge n e rato r  i s  p l aced  p re p ec to ra l , 
protected by standard padding for 
contact sports such as American Football 
or ice hockey, while the S-ICD generator 
is placed lower and laterally, over the 
lower ribs, and maybe less protected. 
What device is best-suited to the athlete 
remains an important avenue of future 

research [23].
Yo u n g  a t h l e t e s  w i t h  I C D s  m a y 
experience shocks during sports and at 
other times, but no serious adverse 
outcomes occurred. The decision on 
return-to-sport participation after an 
ICD should be individualized and 
discussed between physician, athlete, 
and parents [24].
Recommendations focusing on primary 
and secondary prevention strategies to 
reduce the incidence of SCD in athletes 
can be made based on the existing 
evidence available. Table 1 lists these 
preventive strategies which aid in cardiac 
risk mitigation.

Conclusion
Sudden cardiac arrest is the leading cause 
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