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Early data… 

•  increased frequency of cardiac events during 
exercise in patients with LQT1  
–  (swimming 62% vs sleeping 3%) 

Schwartz, Circulation 2001 
•  In untreated patients, LQTS-related cardiac events 

occurred in 55% 
Shimizu, JACC 2001 

•  Thus, guidelines have historically advocated for an 
aggressive restriction from competitive sports, with 
the exception of low-intensity sports  

Bethesda 36, ESC 2005  



“historical decision making” 

•  beta-blockade 

•  avoidance of medications that prolong the QT 
interval 

•  “you're not to play sports” 



Physiologic benefits of exercise  

sports participation brings to children and adolescents 
 
•  enhanced self-confidence,  
•  sense of psychological, physical and social well-

being 
•  improved overall quality of life  



…but the pendulum is now swinging away…  

It started with .. 
 ONLINE FIRST

RESEARCH LETTER

Competitive Sports Participation in Athletes
With Congenital Long QT Syndrome

To the Editor: Competitive sports participation for ath-
letes with long QT syndrome (LQTS) is guided by the
36th Bethesda Conference, which recommends that
patients with either (1) symptoms, (2) a corrected QT
interval (QTc) greater than 470 milliseconds (males) or
480 milliseconds (females), or (3) an implantable
cardioverter-defibrillator (ICD) not participate in most
sports.1 The European Society of Cardiology guidelines
are more restrictive, disqualifying athletes from all sports
based solely on a stringent QTc cutoff (!440 millisec-
onds in males, !460 milliseconds in females).2 We
sought to determine the outcomes of patients with LQTS
who chose to remain athletes against guideline recom-
mendations.

Methods. In this institutional review board–approved
study (with waiver of consent), we reviewed records for
patients with LQT1-3 genotypes, aged 6 to 40 years, who
were first evaluated in the Mayo Clinic LQTS Clinic
between July 2000 and November 2010. Records were
reviewed for athletic participation after LQTS diagnosis and
LQTS-related events during a mean (SD) follow-up of 5.1
(2.9) years. No patients were lost to follow-up. All were
reevaluated or contacted by phone after July 1, 2011. A
“competitive athlete” was defined as one participating in
organized competitive sports at the little league, middle or
high school, collegiate, or professional level.

The approach in the Mayo Clinic LQTS Clinic is to
provide the athlete and their family with sufficient infor-
mation to enable an informed decision regarding sports
continuation. All patients received a comprehensive 2- to
3-day clinical and genetic evaluation, including a 1- to
2-hour consultation with an LQTS specialist (M.J.A.) and
additional consultations as needed.3-5 Extensive counsel-
ing was provided to discuss individual prognosis and ath-
letic participation guidelines. If a minor, the athlete and
both parents had to agree to sports continuation. Tailored
therapy included "-blockers, left cardiac sympathetic
denervation, an ICD, or a combination. QT drug avoid-
ance, electrolyte and hydration replenishment, and mini-
mization of core body temperature elevations were
advised. Each athlete obtained an automatic external
defibrillator as part of the sports gear, and relevant school
officials and coaches were informed.

Statistical analysis was performed using JMP version 8.0 (SAS
Institute). A 2-tailed P# .05 was considered significant.

Results. Of 353 LQT1-3 patients (199 females; mean
[SD] age, 17 [11] years; mean [SD] QTc, 472 [42] milli-
seconds), the majority (223, 63%) either were not

involved in sports (196, 88%) or chose to discontinue
sports (27, 12%) following evaluation. Overall, 130
patients (37%, 60 females; age, 11 [7] years; QTc, 471
[46] milliseconds) remained in competitive athletics,
including 20 with ICDs. There were no significant differ-
ences between the total cohort and athletes except that
the nonathletes were older (TABLE). The 130 athletes
competed in a variety of competitive sports (FIGURE),6

and 49 of 130 (38%) participated in more than 1 sport.
There were 32 athletes (25%) competing in high school
and 8 (6%) competing at the college, university, or pro-
fessional level.

Seventy athletes (54%) were competing contrary to
European guidelines but within Bethesda guidelines.
None had a sport-related event. Of the 60 LQTS athletes
(46%) continuing in sports contrary to both guidelines,
only 1 experienced sporting-related events: a 9-year-old
boy with LQT1, extreme QT prolongation (QTc !550
milliseconds), and a history of aborted cardiac arrest. He
received 2 appropriate ventricular fibrillation-terminating
ICD shocks, both while warming up before games. Each
episode occurred in the setting of admitted "-blocker
nonadherence.

The overall rate of events per athlete-year was 0.003
(1 event in 331 athlete-years; 95% CI, 1 in 92 to 1 in 2763
athlete-years).

Comment. Although many individuals with LQTS will
choose to remain in competitive sports, athletes and their
families are capable of self-disqualification. With more than
650 athlete-years of follow-up, we report a low rate of LQTS-
triggered cardiac events during sports. Limitations include
the small sample size, limited length of follow-up, and un-
known generalizability.
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Research letter 
•  105 mutations 
•  most common mutation was KCNQ1 (58%) 

–  KCNH2 (35%),SCN5A (6%),KCNE2 (2%),KCNE1 (1%) 

•  All patients were treated with beta-blockade  
–  (1 noncompliant, 1 intolerant) 

•  26 pts competitive sports (15 girls; mean follow-up 6.9 
years; mean QTc, 461 ms 

•  77 pts recreational sports (35 girls; mean follow-up 7.3 
years; mean QTc, 470 ms  

•  During 755 patient-years of follow-up, no patients had long 
QT syndrome symptoms during sports  

•  5 appropriate ICD shocks in 2 pts, but non were related to 
sports 



…but the pendulum is now swinging away…  

It is accelerated by .. 
 

Sports Participation in Genotype Positive
Children With Long QT Syndrome
Peter F. Aziz, MD,* Tammy Sweeten, MS,y Ramon L. Vogel, MD,y William J. Bonney, MD,y
Jacqueline Henderson, RN,y Akash R. Patel, MD,z Maully J. Shah, MBBSy

ABSTRACT

OBJECTIVES The study sought to examine the prevalence and outcomes of sports participation (both competitive and
recreational) in our single-center LQTS genotype positive pediatric population.

BACKGROUND The risks of sports participation in patients with long QT syndrome (LQTS) are not clearly elucidated.

METHODS A retrospective review was performed on genotype positive patients referred for the evaluation and man-

agement of LQTS between 1998 and 2013 at the Children’s Hospital of Philadelphia. Pediatric patients participating in

competitive or recreational sports were included in the analysis and their charts were reviewed for documented LQTS

events during follow-up.

RESULTS The cohort of genotype-positive LQTS patients included 212 patients, and 103 patients (49%, female n ¼ 53,

average follow-up 7.1 " 4.0 years, average QTc 468 " 42 ms) participated in sports. A total of 105 LQTS disease-causing
mutations were identified: KCNQ1 n ¼ 60 (58%), KCNH2 n ¼ 36 (35%), SCN5A n ¼ 6 (6%), KCNE1 n ¼ 1 (1%), and KCNE2

n ¼ 2 (2%). All patients were treated with beta-blockade, with noncompliance in 1 patient and intolerance in 1 patient.

Twenty-six patients participated in competitive sports (26%, female n ¼ 15, average follow-up 6.9 " 4.1 years, average

QTc 461 " 35 ms). Seventy-seven patients (75%, female n ¼ 35, average follow-up 7.3 " 3.9 years, average QTc 470 "
43 ms) participated in recreational sports. No patients had LQTS symptoms during sports participation. Five appropriate

implantable cardioverter-defibrillator shocks occurred in 2 patients, though none were related to sports participation.

CONCLUSIONS In this series no cardiac events and no deaths were observed in treatment-compliant LQTS children

while participating in sports in 755 patient-years of follow-up. (J Am Coll Cardiol EP 2015;1-2:62–70) © 2015 by the
American College of Cardiology Foundation.

C ongenital long QT syndrome (LQTS) is a car-
diac ion channelopathy characterized by
syncope, ventricular arrhythmias (torsade

de pointes) and sudden death (1). Children and ado-
lescents are particularly at risk for life-threatening
arrhythmias as this patient population is more often
exposed to known triggers. As our understanding of
the genotype-phenotype relationship has evolved,
we now know that LQT triggers are genotype specific
and risk assessment hinges on age, gender, mutation
location, and QTc duration (2–5). Though several LQT
subtypes exist, the majority (75%) involve the 3 most

common forms, which are LQT1 (KCNQ1 gene), LQT2
(KCNH2 gene), and LQT3 (SCN5A gene).

Arrhythmia triggers, which are LQTS subtype spe-
cific, are often the result of the catecholaminergic
surge seen with competitive exercise (6). For this
reason, expert consensus statements have limited if
not eliminated most competitive sports participation
in children and young adults with LQTS. Specifically,
the 36th Bethesda Conference guidelines restrict
competition to billiards, bowling, cricket, curling,
golf, and riflery, the well-known Class IA sports (low
static/low dynamic intensity) (7). Asymptomatic long
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Manuscript received February 5, 2015; revised manuscript received February 12, 2015, accepted February 17, 2015.

J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 1 , N O . 1 - 2 , 2 0 1 5

ª 2 0 1 5 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U ND A T I O N I S S N 2 4 0 5 - 5 0 0 X / $ 3 6 . 0 0

P U B L I S H E D B Y E L S E V I E R I N C . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j a c e p . 2 0 1 5 . 0 3 . 0 0 6



Pediatric data 

•  Children’s Hospital of Philadelphia  
•  from 1998 to 2013  
•  212 patients with LQTS 
•  103 participated in sports (53 girls) 
•  all were treated with BB—(nadolol for 97 pts)  
•  mean follow-up, 7.1 years  
•  mean QTc, 468 ms 
•  there were no cardiac events and no deaths 



Recent data 

Sports participation appears safer today 
for children with long QT syndrome ? 

 



Explanation ? 

Different patient population 
•  Ten years ago before genotyping was mainstream, most 

patients were diagnosed as a result of an event 

•  With the introduction of genetic testing and cascade 
familial testing, there are a lot more patients being 
identified with LQTS, without any event 

•  the chance of a patient without symptoms presenting for 
the first time with sudden cardiac death/cardiac arrest is 
approximately 5% 



“shared decision” 

•  if the restriction is devastating, and in 
some cases it might be, harming the child's 
psychological, physical, or social well-being 

•  sports participation might be safe in certain 
circumstances 



AHA/ACC SCIENTIFIC STATEMENT

Eligibility and Disqualification
Recommendations for Competitive Athletes
With Cardiovascular Abnormalities:
Task Force 10: The Cardiac Channelopathies
A Scientific Statement From the American Heart Association and American College of Cardiology

Michael J. Ackerman, MD, PHD, FACC, Chair* Douglas P. Zipes, MD, FAHA, MACC*
Richard J. Kovacs, MD, FAHA, FACC*
Barry J. Maron, MD, FACC*

The cardiac channelopathies are a collection of primary,
genetically mediated heart rhythm disorders (also
referred to as the primary electrical disorders) that are
generally associated with a structurally normal heart
and a propensity for syncope, seizures, or sudden car-
diac arrest precipitated by a channelopathy-mediated
episode of nonsustained or sustained polymorphic
ventricular tachycardia (torsade de pointes) or ven-
tricular fibrillation. These cardiac channelopathies
include long-QT syndrome (LQTS), catecholaminergic
polymorphic ventricular tachycardia (CPVT), Brugada
syndrome (BrS), early repolarization syndrome, short-
QT syndrome, and potentially idiopathic ventricular

fibrillation. Approximately 1 in 1,000 people are
affected by a cardiac channelopathy, with LQTS
being most common, involving an estimated 1 in 2,000
people (1).

Presently, these channelopathies should be viewed
as potentially lethal but highly treatable conditions.
However, unlike the various bradyarrhythmias and
tachyarrhythmias detailed in the Task Force 9 report
(2), there remains significant variability and hetero-
geneity among pediatric and adult heart rhythm
specialists in terms of their ability to diagnose, risk
stratify, and treat patients with these conditions. For
example, in 1 study, 40% of the patients who received
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Stroke Nursing, Council on Functional Genomics and Translational
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ology make every effort to avoid any actual or potential conflicts of
interest that may arise as a result of an outside relationship or a per-
sonal, professional, or business interest of a member of the writing
panel. Specifically, all members of the writing group are required to
complete and submit a Disclosure Questionnaire showing all such re-
lationships that might be perceived as real or potential conflicts of
interest. The Preamble and other Task Force reports for these pro-
ceedings are available online at www.onlinejacc.org (J Am Coll Cardiol
2015;66:2343–9; 2350–5; 2356–61; 2362–71; 2372–84; 2385–92; 2393–7;
2398–405; 2406–11; 2412–23; 2429–33; 2434–8; 2439–43; 2444–6; and
2447–50).
This statement was approved by the American Heart Association
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Executive Committee on June 3, 2015.
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3820) or e-mail (reprints@elsevier.com).

Permissions: Multiple copies, modification, alteration, enhancement,
and/or distribution of this document are not permitted without the ex-
press permission of the American College of Cardiology. Requests may be
completed online via the Elsevier site (http://www.elsevier.com/about/
policies/author-agreement/obtaining-permission).
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Recommendations  
1.  For athletes with a suspected/diagnosed 

cardiac channelopathy, a comprehensive 
evaluation by a heart rhythm specialist or 
genetic cardiologist with sufficient 
experience and expertise with these 
disorders is recommended (Class I; Level of 
Evidence C).  
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Recommendations  
2.  It is recommended that symptomatic 

athletes with any suspected or diagnosed 
cardiac channelopathy be restricted from 
all competitive sports until a 
comprehensive evaluation has been 
completed  
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genetically mediated heart rhythm disorders (also
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ventricular tachycardia (torsade de pointes) or ven-
tricular fibrillation. These cardiac channelopathies
include long-QT syndrome (LQTS), catecholaminergic
polymorphic ventricular tachycardia (CPVT), Brugada
syndrome (BrS), early repolarization syndrome, short-
QT syndrome, and potentially idiopathic ventricular

fibrillation. Approximately 1 in 1,000 people are
affected by a cardiac channelopathy, with LQTS
being most common, involving an estimated 1 in 2,000
people (1).

Presently, these channelopathies should be viewed
as potentially lethal but highly treatable conditions.
However, unlike the various bradyarrhythmias and
tachyarrhythmias detailed in the Task Force 9 report
(2), there remains significant variability and hetero-
geneity among pediatric and adult heart rhythm
specialists in terms of their ability to diagnose, risk
stratify, and treat patients with these conditions. For
example, in 1 study, 40% of the patients who received
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Recommendations  
It is reasonable for an asymptomatic athlete with genotype-positive/
phenotype-negative LQTS 
 
1) avoidance of QT-prolonging drugs for athletes with LQTS                
(http://www.crediblemeds.org) 
 
3) electrolyte/ hydration replenishment and avoidance of dehydration 
 
4) avoidance or treatment of hyperthermia from febrile illnesses or training-
related heat exhaustion or heat stroke for athletes with either LQTS or BrS 
 
5) acquisition of a personal automatic external defibrillator as part of the 
athlete’s personal sports safety gear, and  
 
6) establishment of an emergency action plan with the appropriate school or 
team officials (Class IIa; Level of Evidence C).  



Recommendations  
5.  For an athlete with either symptomatic LQTS or 

electrocardiographically manifest LQTS (i.e., 
corrected QT interval >470 ms in males or >480 ms 
in females), competitive sports participation (except 
competitive swimming in a previously symptomatic 
LQT1 host) may be considered after institution of 
treatment and appropriate precautionary measures 
assuming the athlete has been asymptomatic on 
treatment for at least 3 months (Class IIb)  
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fibrillation. Approximately 1 in 1,000 people are
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being most common, involving an estimated 1 in 2,000
people (1).

Presently, these channelopathies should be viewed
as potentially lethal but highly treatable conditions.
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Practical recommendations 

•  BB - 15%-20% reduction in peak HR during exercise 
•  avoid routinely exceeding 65% of their target HR 
•  emphasize the importance of  

–  compliance with medication  
–  maintaining hydration 
–  resting when experiencing symptoms 
–  rescue systems are in place 

•  good relationship with the family 
–  surveillance monitoring for efficacy of medical therapy 

(Holter,exercise testing) 
–  access to advice and feedback regarding exercise   

Cheung et al, Canadian Journal of Cardiology 32 (2016) 452e458  



for prolonged periods during their standard workout. Iso-
metric and endurance exercises should be avoided in HCM,
and prolonged endurance exercise beyond 1 hour per day may
accelerate the disease in ARVC and increase the risk of ven-
tricular arrhythmias.39 We emphasize the importance of
compliance with medication and maintaining hydration,
resting when experiencing symptoms, and ensuring that
rescue systems are in place for all recreational and competitive
sports (Fig. 1). We also endeavor to create a long-term rela-
tionship with patients and families that includes surveillance
monitoring for efficacy of medical therapy (exercise testing or
Holter monitoring) and electronic and in-person access to
advice and feedback regarding exercise. Beyond this founda-
tion of advice and access, personalization of the interests and
expectations of participants and the nature of their activities
requires best judgement in the context of a strong patient-
doctor relationship (Fig. 3).

Conclusions
Recent evidence suggests a lower risk of exercise-related

arrhythmias in treated patients than previously assumed.

Recreational activity as outlined is likely safe for all in-
dividuals, with personalization of recommendations based on
individual patient preferences and priorities. We emphasize a
model of multidisciplinary evaluation and shared decision
making, monitored medical therapy, individual and team
awareness of precautions and emergency response measures,
and a more permissive approach to exercise.
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Fact and question 

Fact:  
aerobic activity is a "potential risk-taking behavior" 
for patients with LQTS 

Question: 
Whether the increased risk can be "circumvented, 
neutralized, or minimized" rather than 
disqualifying the patient from sports entirely. 

M. Ackerman 



during moderate activity such as schoolyard play or recreational
swimming, which is aligned with this exercise testing observa-
tion. Thus, avoidance of extreme or endurance participation is
likely insufficient in CPVT, and the majority of patients are
advised to avoid even moderate activity. However, new
developments in medical therapy, including flecainide, along
with more liberal use of left cardiac sympathectomy may also
reduce the burden of exercise-provoked arrhythmic events.21-24

In animal models, a graduated exercise training protocol showed
the potential to attenuate arrhythmic burden.25

Brugada Syndrome
BrS, first proposed as a primary electrical syndrome, is now

believed to encompass a heterogeneous group of genetic and
clinical phenotypes that can be associated with SCD with
ventricular fibrillation.26 In the most common presentation of
BrS, mutations in the voltage-gated sodium channel (SCN5A)
alter the sodium current, predisposing to arrhythmogenesis.
Arrhythmic events in BrS occur most commonly at rest or
during sleep when vagal tone predominates and have also been
reported in the context of fever.8 A systematic review identi-
fied several cases of syncope occurring after exercise, although
there were no reports of exercise-related SCD.7

However, in a distinct minority of patients with BrS,
increased ST elevation and development of a coved-type
Brugada pattern may occur during exercise and early recov-
ery, and these patients are at greater risk for arrhythmic
events.27,28 The proarrhythmic effect of exercise and the
mechanism for ST elevation may be related to hyperthermia
after strenuous exercise or high vagal tone, or both, during
recovery.29 It is unclear how these findings will shape future
guidelines and exercise recommendations that currently do
not recommend any restriction in patients with BrS.

Early Repolarization Syndrome
An association between early repolarization (ER) and SCD

has recently been described.30 The ER pattern is commonly
seen in healthy athletes, particularly endurance athletes, and
increases in prevalence after a period of training.31 Although
inferolateral ER has been associated with an increased risk of
SCD in middle-aged populations, the phenotype remains
complex and includes various subtypes with contrasting
prognoses. ER with a rapidly ascending ST segment, as seen
with athletic training, has been shown to be benign, with no
convincing evidence of SCD in athletes with ER.32

Inherited Cardiomyopathies
Hypertrophic cardiomyopathy (HCM) remains the most

common cardiomyopathy causing SCD in athletes, account-
ing for 36% of all such cases.33 In a retrospective analysis of
patients with HCM-related deaths, 16% died during mod-
erate or severe physical exertion.34 Thus, historical guidelines
have advocated for aggressive restriction of exercise to low-
intensity and some moderate-intensity sports.35,36 However,
recent studies suggest that arrhythmic events during exercise
may be much less common. In a cohort of 1380 patients with
HCM, only 24 patients (1.7%) experienced ventricular ar-
rhythmias during exercise testing, highlighting a subpopula-
tion that tended to have a worse prognosis.37

In ARVC, endurance exercise has been shown to accelerate
the progression of disease in both humans and animal
models.38,39 ARVC carriers who were endurance athletes were
more likely to present at a younger age, have more advanced
disease, and experience heart failure and arrhythmic events
than were nonathletes.39 Furthermore, participation in
competitive exercise has also been shown to double the risk of
ventricular arrhythmias in patients with ARVC.40 Retrospec-
tive studies suggest a component of adrenergically mediated
arrhythmias in ARVC. Among 1642 competitive athletes, 26
athletes experienced cardiac arrest, 6 of whom (23%) were
diagnosed with ARVC.41 These inherited cardiomyopathies
are discussed further elsewhere in Finocchiaro and Sharma42 in
this issue of the Canadian Journal of Cardiology.

The Discussion Around Risk
In the setting of an inherited channelopathy or cardio-

myopathy, the traditional patient-clinician interaction around
exercise is one of paternalism, in which the patient seeks
permission from the clinician to pursue exercise. This his-
torical model of health care does not fit within our current
paradigm, which is one of patient- and family-centred care,
built on the fundamental tenets of shared responsibility, clear
communication, and an understanding of benefits and risks.
Communicating exercise recommendations based on the po-
tential risks of physical activity and balanced against the po-
tential negative effects of exercise restriction requires
collaboration between the clinical team and patient.

Exercise and lifestyle recommendations must be made
through a shared decision-making process involving the pa-
tient and family. The psychological impact of the diagnosis,
combined with treatment and lifestyle recommendations, can
be especially challenging for young patients.43 Thus, a
multidisciplinary approachdincorporating both adult and
pediatric cardiologists, genetic counsellors, and specialist
nursesdcombined with close follow-up enables a partnership
to ensure avoidance of higher-risk activities while simulta-
neously giving the patient control and understanding of the
condition.

Increased awareness of the patient, family, and community
is essential to managing the risk of arrhythmic and SCD
events, and we emphasize the patient’s role in creating a safe
environment for sports participation (Fig. 1). Proficiency in

Figure 1. Cartoon to encourage safe and supervised physical activity
in children.
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