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ABSTRACT
Background Competitive sports participation for
athletes with congenital long QT syndrome (LQTS) is
guided by the 2005 36th Bethesda Conference and the
2005 European Society of Cardiology (ESC) guidelines.
The purpose of this study was to determine the
prevalence and outcomes of patients with LQTS who
chose to remain athletes following their diagnosis.
Methods Records of all patients between 6 and
40 years of age who were first evaluated in Mayo Clinic’s
LQTS Clinic from July 2000 to November 2010 were
reviewed, for documentation of athletic participation after
LQTS diagnosis and LQTS-related events during follow-up.
Average follow-up was 5.5±3.4 years.
Results The cohort included 353 patients with LQTS
(199 females, mean age 17±11 years, mean QTc 472
±42 ms), of whom 182 had LQT1, 130 had LQT2, 37
had LQT3 and 4 had multiple LQTS mutations. The
majority of patients (223, 63%) were either not involved
in sports (88%) or chose to discontinue sports (12%)
following evaluation. 130 patients (37%, 60 females,
mean age 11±7 years, mean QTc 471±46 ms) remained
in competitive athletics, including 20 with implantable
cardioverter defibrillators (ICDs). Of these 130, 70 (54%)
were genotype-positive/phenotype-negative and
competing contrary to ESC guidelines but within the
Bethesda guidelines. None of these athletes had a sport-
related event. Of the 60 LQTS athletes continuing in
sports contrary to both the Bethesda and ESC guidelines
(genotype-positive/phenotype-positive), only one had a
sporting-related event with appropriate ICD shock.
Conclusions Athletes and their families are fully
capable of self-disqualification. Among those athletes
with LQTS who chose to remain in competitive sports, a
low rate of cardiac events and no deaths were observed in
over 650 athlete-years of follow-up. Current guideline-
based recommendations for disqualification may be
excessive for this disease.

INTRODUCTION
Congenital long QT syndrome (LQTS) affects 1 in
2000 persons and was first described as the Jervell
and Lange-Nielsen syndrome and Romano-Ward syn-
drome in the late 1950s/early 1960s.1–4 The trade-
mark and potentially lethal ventricular arrhythmia
underlying the symptomatic LQTS patient is torsades
de pointes (TdP).5 LQTS may present with syncope,
seizures or sudden death.5 To date, 13 distinct LQTS-
susceptibility genes have been discovered. However,
mutations in the three most common LQTS subtypes:
KCNQ1-mediated LQT1, KCNH2-mediated LQT2
and SCN5A-mediated LQT3, account for 75% of
clinically definite LQTS.6–9

The risk of having a cardiac event in patients
with LQTS is dependent on the specific genotype

and mutation involved, the age and gender of the
patient and degree of abnormal repolarisation.10–13

Data from the International LQTS Registry has
demonstrated a specific effect of age and gender on
childhood event rates.10 Prior to age 13, males
with LQT1 have the highest event rates, whereas
after the age of 13, females with LQT2 have the
highest event rates. Considering the spectrum of
LQTS risk profiles, the risk of an LQTS-triggered
cardiac event ranges from 0.5% to 10% per year
with overall event rates lowest in children who had
a QTc<500 ms and no history of syncope regard-
less of gender.10 The addition of β-blockers signifi-
cantly reduces the risk of aborted cardiac arrest
(ACA) and sudden cardiac death in children with
LQTS, particularly in patients with a history of
syncope.10 12

In the USA, competitive sports participation for
patients with LQTS is guided by the 2005 36th
Bethesda Conference guidelines.14 In the same
year, the European Society of Cardiology (ESC)
published their guidelines.15 Both the Bethesda and
the ESC guidelines recommend disqualification
from virtually every competitive sport (other than
Bethesda-permitted class IA sports which include
only billiards, bowling, cricket, curling, golf and
riflery) for any patient with LQTS-related symp-
toms (Bethesda recommendation #1), as well as
any asymptomatic patient with electrocardiographi-
cally manifest LQTS (Bethesda recommendation
#2, table 1). However, the guidelines differed
markedly regarding their recommendations for
the asymptomatic, genotype-positive/phenotype-
negative patient with the Bethesda guidelines allow-
ing participation (except for LQT1 patients and
swimming, Bethesda recommendation #3), while
the ESC advises disqualification from competitive
athletics.14 15 Both sets of guidelines also advised
disqualification for any athlete with an implantable
cardioverter defibrillator (ICD) from all non-class
IA sports (Bethesda recommendation #4).14 15

While fully respecting these guidelines and par-
ticipating in the Bethesda conference guidelines as
a coauthor (MJA), we have embraced the tenets of
self-determination and patient/family autonomy in
our LQTS/Genetic Heart Rhythm Clinic and recog-
nise and respect the athletes and his/her family’s
right to make a well-informed, risk-benefit decision
regarding the continuation of athletics.
Consequently, we considered it critical to evaluate
the impact of this approach, to determine whether
it resulted in universal sports participation, and to
assess whether or not a determination to stay and
play translated into an unacceptable risk exposure.
Hence, in this study we sought to determine the
prevalence and outcomes of children and young
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adults with LQTS who chose to remain athletes following their
diagnosis.

Noteworthy is that a summary of this dataset was published
previously in the Journal of the American Medical Association as
a brief report, however, many important details were not
included due to space constraints.16 Here, we present the full
dataset for analysis.

METHODS
Study design
After obtaining Institutional Review Board approval, we per-
formed a retrospective review of patients seen in the Mayo
Clinic LQTS Clinic between July 2000 and November 2010
who were between the ages of 6 and 40 years at the time of
their initial evaluation at our institution (the years of the
‘highest’ potential athletic activity) and who had LQT1, LQT2,
LQT3 or multiple mutation LQTS. Blinded to genotype, we
reviewed the electronic medical record for demographic vari-
ables and clinical history. Records were reviewed for documen-
tation of athletic participation after LQTS diagnosis and
LQTS-related events including syncope, seizures, documented
ventricular arrhythmias, ACA or sudden death. If the patient
was not an athlete, we determined whether this was due to the
patient having stopped athletics after their LQTS diagnosis and
evaluation at our centre, or due to the patient not being
involved in athletics before or after diagnosis. If a patient had
an ICD, we reviewed all interrogation records for evidence of
appropriate discharges.

We considered a ‘competitive athlete’ to be an athlete who
was participating in organised competitive sports at the profes-
sional, college, high-school, middle-school or youth level. All
included sports were classified using the Bethesda system for
sports classification of ‘static’ and ‘dynamic’ components.17 If a
patient participated in multiple sports, we used their highest
classified sport for analysis, ranking them by their ‘static’ com-
ponent primarily and secondarily by their ‘dynamic’ component
(ie, if a patient was in both IIA and IB sports, we considered
them a IIA-sports participant for analysis). Due to the high
static component involved, we considered patients participating
in competitive dancing and competitive cheerleading as com-
petitive athletes. These patients were included in the IIIA-sport
classification along with gymnastics and martial arts.17 The level
of competition for each patient was categorised as professional,
collegiate, adult competitive (amateur), high school or child

competitive (including youth leagues, city leagues and travel
leagues) or ‘other’ if the specific level was unavailable.

If an LQTS athlete had been seen after 1 July 2011, in
Mayo’s LQTS Clinic for a subsequent follow-up clinical evalu-
ation, we took the date of that follow-up clinical evaluation as
time of last follow-up. If their last clinical follow-up visit pre-
ceded 1 July 2011, we contacted them by telephone using an
IRB-approved script to obtain updated follow-up information.
Requested information on telephone follow-up included
whether or not the patient continued to participate in competi-
tive athletics, the specific sports and history of any breakthrough
cardiac events during or outside of sports. No patients were lost
to follow-up.

QTc values were measured manually from a 12-lead ECG and
calculated using the standard Bazett’s formula.18 Whenever pos-
sible, leads II or V5 were used for QT interval measurement. All
continuous variables were reported as the mean±SD. Means
were analysed using the independent groups t test for means.
A two-tailed p value<0.05 was considered to be significant.
Due to the relative retrospective nature of this cohort, event
rates for each cohort (non-athlete, athlete and athlete with ICD)
were not compared.

LQTS clinic evaluation and philosophy
Given the Bethesda guidelines’ self-admission that the guidelines
lacked evidence but were instead grounded in the ‘art of medi-
cine’, our LQTS clinic embraced the importance of patient/
family autonomy and respect for their right to make a well-
informed decision regarding continuation of athletics. However,
knowing that a well-informed decision could still precipitate a
premature and tragic death, we also implemented an overarch-
ing sudden death safety net strategy to ‘be prepared’.

First, the initial LQTS evaluation is a 2-day to 3-day evalu-
ation that includes electrocardiography on two consecutive days,
echocardiography if not previously performed, 24 h ambulatory
monitoring, treadmill exercise testing, pharmacological (epi-
nephrine, lidocaine or procainamide) stress testing if indicated,
genetic counselling and genetic testing if indicated, and add-
itional consultations with psychology/psychiatry, an ICD
implant specialist and/or a surgeon specialising in left cardiac
sympathetic denervation (LCSD) if needed. This primary evalu-
ation culminates with a 1–2 h consultation with an LQTS spe-
cialist (MJA) to discuss the diagnostic, prognostic and
therapeutic implications of their LQTS.

Independent of their athletic status, a treatment plan is imple-
mented according to the LQTS specialist’s perceived risk of
their disease. Most patients (athletes and non-athletes) return
for an annual or alternate year 1–2 day follow-up evaluations
where their risk profiles and treatment programmes are
reassessed.

If the patient was an athlete at the time of their Mayo Clinic
evaluation, extensive counselling is provided to discuss how
their present diagnosis and clinical presentation squares with the
published guidelines regarding their continued participation.
The family is provided a copy of the Bethesda Conference
guidelines. In addition, their decision to remain an athlete is
reviewed at each follow-up visit and the athlete and his/her
family are informed of any updates in our clinic’s experience or
the published literature regarding the risk of their decision
including being informed of our singular LQTS athlete who
received a VF-terminating ICD shock during a sport. These
extensive face-to-face consultations at their primary and
follow-up evaluations are necessary to ensure that the athlete
and his/her family are ‘well informed’.

Table 1 Current published guidelines regarding competitive sports
and the athlete with LQTS

Recommendations for athletic disqualification

2005 Bethesda Conference guidelines 2005 ESC guidelines

Patients who have a history of
LQTS-related symptoms, have a QTc
>470 ms (males) or >480 ms (females)
or who have an ICD should be limited to
Class IA sports

All patients who have LQTS,
symptomatic or asymptomatic, are
disqualified from all competitive
sports

Asymptomatic genotype-positive/
phenotype-negative patients are allowed
to play, but are not at zero-risk*

Recommended using QTc values of
>440 ms (males) or >460 ms
(females) as a trigger for further
evaluation

*With the exception of LQT1 patients and swimming, as this is a known
genotype-specific risk.
ESC, European Society of Cardiology; ICD, implantable cardioverter defibrillators;
LQTS, long QT syndrome.

Johnson JN, et al. Br J Sports Med 2013;47:28–33. doi:10.1136/bjsports-2012-091751 1 of 6

Original article

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://bjsm

.bm
j.com

/
B

r J S
ports M

ed: first published as 10.1136/bjsports-2012-091751 on 28 N
ovem

ber 2012. D
ow

nloaded from
 

http://bjsm.bmj.com/


Second, if both parents are involved in the care of the young
paediatric athlete, then all three of the family members (the
athlete and both of his/her parents) must agree to allow athletic
participation. If even a single family member objects for safety
concerns, then the athlete is disqualified.

Third, independent of their athlete status, we risk stratify and
treat according to that assessed/perceived risk of an
LQT-triggered cardiac event. We require that any patient partici-
pating contrary to Bethesda guidelines be protected with the
best evidence-based therapy possible. This most often entails the
use of β-blocker medications, particularly in LQT1 or LQT2.
If the patient has β-blocker intolerance, an LCSD may be per-
formed. QT drug avoidance (http://www.qtdrugs.org), proper
hydration, replenishment of electrolytes and minimisation of
elevations in core body temperature are advised. ICD placement
was recommended on a case-by-case basis. Common indications
for ICD placement included: secondary prevention in cases of
prior aborted cardiac arrest, medication intolerance or break-
through, and primary prevention in high-risk patients (patients
with Jervell-Lange Nielsen syndrome, infants with 2:1 atrioven-
tricular block, LQT2 females with QTc >500 ms and
non-LQT1 patients with QTc >550 ms). Importantly, an ICD
recommendation was independent of the LQTS patient’s
athlete/non-athlete status.

Finally, each LQTS athlete is instructed to acquire his/her own
automatic external defibrillator (AED) as part of their overall
sports gear, akin to the peanut allergy athlete and his/her
epi-pen or the diabetic athlete and his/her sugar pill. In add-
ition, the school officials, coaches and other supervisors must be
informed and must agree with this plan. We advise personal
acquisition of an AED rather than reliance on a school-based
AED out of an abundance of precaution. An AED is not
required for most patients who already have an ICD in place,
however, emphasis is placed on the usual LQTS safety measures
(QT drug avoidance (http://www.qtdrugs.org), proper hydration,
replenishment of electrolytes and minimisation of elevations in
core body temperature).

RESULTS
From July 2000 through November 2010, 353 patients between
6 and 40 years of age with genetically confirmed LQTS were
evaluated (199 females, average age at diagnosis 17±11 years,
average QTc 472±42 ms, table 2). Of these, 196/353 patients

(56%) were not participating in athletics at the time of their first
evaluation. Of the 157 athletes, 27 (17%) chose to discontinue
competitive athletics following their evaluation while 130 (83%)
elected to continue with sports participation. There were no sig-
nificant differences in the demographics or LQTS risk factors
between the athletes who elected for self-disqualification and
those who chose to remain an athlete.

LQTS athletes
Among the 130 patients (60 females, mean age 11.5±7 years,
mean QTc 471±46 ms, mean length of follow-up=5.1
±2.9 years, median=4.4 years, IQR=2.73—6.49 years) who
remained engaged in competitive athletics following their diag-
nosis of LQTS and 2–3 day LQTS evaluation at our centre, 112
(86%) were treated with β-blockers, 21 (16%) had an LCSD
and 20 (15%) had an ICD (see online supplemental tables S1
and S2). LQT1 was the most common genotype accounting for
74/130 (57%) of athletes, followed by LQT2 (41/130, 32%),
LQT3 (11/130, 8%) and patients with multiple mutations
(4/130, 3%). In total 130 athletes competed in a wide array of
competitive sports across all Bethesda sports classifications
(figure 1). The most common sports were basketball (class IIC,
N=27), competitive cheerleading/dance/gymnastics (class IIIA,
N=16), soccer (class IC, N=15), baseball/softball (class IB,
N=14), volleyball (class IB, N=8) and football (class IIB, N=7).
Further, 49 of the 130 athletes (38%) were participating in
more than one sport.

Bethesda guidelines
While all 130 LQTS athletes were participating contrary to the
ESC sports participation guidelines, there were 70 (54%,
29 females, average age at diagnosis 11±7 years, average QTc
444±23 ms) whose participation was still in accordance with
the Bethesda guidelines. Three of these 70 patients were partici-
pating in accordance with limitations of LQTS patients to class
1A sports, all three participating in golf. The remaining 67/70
(96%) were participating under recommendation #3, where
genotype-positive/phenotype-negative patients were permitted
to participate in all sports (other than the stated recommenda-
tion against competitive swimming for patients with LQT1).

Table 2 Demographics of overall cohort

Total cohort Athletes Non-athletes

Number of patients 353 130 223
Age at diagnosis (years) 17±11 11±7 20±12
Sex (male/female) 154/199 70/60 84/139
Average QTc (ms) 472±42 471±46 472±39
Genotype
LQT1 182 (52%) 74 (57%) 108 (48%)
LQT2 130 (37%) 41 (32%) 89 (40%)
LQT3 37 (10%) 11 (8%) 26 (12%)
Multiple 4 (1%) 4 (3%) 0 (0%)

Symptoms 111 (31%) 29 (22%) 82 (37%)
β-Blockers 280 (79%) 112 (87%) 168 (75%)
ICD 78 (22%) 20 (15%) 58 (26%)
Follow-up available (years) 5.5±3.4 5.1±2.9 5.8±3.7

Ages, QTc at diagnosis and follow-up are reported as mean±SD.
ICD, implantable cardioverter defibrillators; LQT, long QT.

Figure 1 Classification of primary sport for the patients who chose to
remain in athletics. The classifications are listed in order of published
static component (Classes I-III) and dynamic components (Classes
A–C). Dx, diagnosis.
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The remaining 60 LQTS athletes (46%, 31 females, average
age at diagnosis 12±7 years, average QTc 501±46 ms) were
participating contrary to both the ESC and the Bethesda guide-
lines. This included all 20 patients participating with ICDs, as
athletic participation with an ICD in place was contrary to
Bethesda recommendation #4. Nearly half (28/60, 47%) of this
subset had a history of LQTS-related symptoms, and 57/60
(95%) were treated with β-blockers. The three patients not
treated with β-blockers included two male patients with LQT3
(diagnosed at 16 and 2 years, respectively) and an 11-year-old
LQT1 male who had LCSD because of β-blocker intolerance.
Of the 60 patients, 13 were participating contrary to only rec-
ommendation #1 (previously symptomatic LQTS), 26 to only
recommendation #2 (asymptomatic but ECG-manifest LQTS),
1 to only recommendation #3 (a teenage girl with LQT1 who
was a competitive swimmer) and 2 to only recommendation #4
(genotype-positive/phenotype-negative but presence of an ICD).
There were 18 athletes participating contrary to multiple
recommendations.

There were several significant differences noted between the
subsets of patients participating against ESC but within the
Bethesda and those participating against both guidelines (table 3).
Expectedly, those participating within the Bethesda were far less
likely to be symptomatic (p<0.0001), had lower baseline QTc
values (p<0.0001) and were less likely to be treated with
β-blockers.

Level of competition
The level of competition for the subset of LQTS athletes is
listed in table 4. There were a large proportion of the athletes
who were competing in paediatric age competitive sports,
including 57% in either city, travel or youth leagues, and a
further 25% at the high-school level. There were eight patients
competing at the national or college level.

LQTS, athletes and ICDs
Among the 20 LQTS athletes with ICDs (11 females, average
age at diagnosis 14.5±9 years, average QTc 520±65 ms, LQT1

in 5, LQT2 in 11, LQT3 in 3 and compound LQT1/LQT2 in
1), 15 were previously symptomatic, most commonly syncope,
ventricular tachycardia or ventricular fibrillation. β-Blockers
were being taken by 18/20 athletes with an ICD; the sole ath-
letes abstaining from β-blockers were two young males with
LQT3. These ICD-positive athletes were participating in a wide
variety of sports, including six in Bethesda class III sports, six in
class II sports and eight in class IB/IC sports.

LQT-triggered cardiac events among athletes
Regardless of athlete status, there have been no deaths in this
cohort. In addition, there have not been any more
LQT-triggered cardiac events among the athletes, on or off the
athletic field, compared to the 223 patients with LQTS who
were not participating in competitive sports (data not shown).
No athlete competing at the national or collegiate level has had
an event. In fact, there has been only one athlete (<0.8%) who
has experienced two competitive sporting-related events in a
combined total of approximately 650 athlete-years of follow-up.
This boy was 1 of the 60 LQTS athletes continuing in sports
contrary to both the ESC and the Bethesda guidelines. He was a
previously symptomatic 9-year-old patient with LQT1, extreme
QT prolongation (QTc at diagnosis at age 7 was 490 ms, QTc at
follow-up >550 ms), and a history of VF-resuscitated, aborted
cardiac arrest. He has now received two appropriate
VF-terminating ICD shocks; the first occurred while preparing
to play in a soccer game and the second occurred while
warming up before a baseball game. Each event occurred in the
setting of admitted non-compliance with β-blocker medication.

DISCUSSION
Current published guidelines in the USA and Europe advise dis-
qualification from athletic participation of many patients with
LQTS.14 15 Here, we present the largest published cohort of
athletes with LQTS who have chosen to remain engaged in
competitive sports and observed only one athlete experiencing
two LQT-related cardiac events during athletics in over 650
athlete-years of follow-up.

Athletes
When allowed the choice of participation, it is clear that many
patients, particularly those still in school in the paediatric age
ranges, will choose to remain active in competitive sports.
Interestingly, of all 130 patients who chose to continue competi-
tive athletics, only 3 of them were participating in class IA
sports, which all would have otherwise been limited to by the
Bethesda guidelines. When given the choice, very few patients

Table 3 Demographics of athlete participation relative to the
Bethesda and ESC guidelines

Against ESC but
within Bethesda

Contrary to both
ESC and Bethesda

p
Value

Number of patients 70 60
Age at diagnosis
(years)

11±7 12±6 NS

Sex (male/female) 41/29 29/31 NS
Average QTc (ms) 444±23 501±46 <0.0001
Genotype
LQT1 41 (59%) 33 (55%) NS
LQT2 20 (29%) 21 (35%) NS
LQT3 8 (11%) 3 (5%) NS
Multiple 1 (1%) 3 (5%) NS

History of symptoms 1 (1%) 28 (47%) <0.0001
β-Blockers 55 (79%) 57 (95%) <0.008
ICD 0 20 (33%) <0.0001
Follow-up available
(years)

5.1±2.9 5.0±3.0 NS

Ages, QTc at diagnosis and follow-up are reported as mean±SD.
ESC, European Society of Cardiology; ICD, implantable cardioverter defibrillators;
LQT, long QT.

Table 4 Level of competition

Level of
competition
(N=130)

Number of
patients in total
cohort
(% of total)

Against ESC
but within
Bethesda
N=70

Contrary to
both ESC and
Bethesda
N=60

National/professional 1 (1%) 0 (0%) 1 (2%)
College 7 (5%) 6 (9%) 1 (2%)
Adult competitive 11 (8%) 4 (6%) 7 (12%)
High school 32 (25%) 16 (23%) 16 (27%)
City, travel, and
youth league

74 (57%) 40 (57%) 34 (57%)

Other 5 (4%) 4 (6%) 1 (2%)

ESC, European Society of Cardiology.
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will choose only to participate in billiards, bowling, cricket,
curling, golf or riflery.17 This has clear implications in the
current era where obesity rates in children continue to rise
despite many attempted preventative measures.19 20 A pure
restriction from athletics can have dire consequences in any
patient cohort, and absolute avoidance of all aerobic activity
should be discouraged.21

Bethesda and ESC guidelines
In this study, 60/130 (46%) patients who chose to continue com-
petitive athletics after their LQTS diagnosis did so contrary to
the most recent Bethesda guidelines. This included 20 patients
who had an ICD in place and 28 who had a history of
LQTS-related symptoms. Despite this, only one high-risk young
man with a very striking history suffered a sporting-related event.

At minimum, these findings would seem to necessitate revisit-
ing both the ESC and Bethesda guidelines regarding athletic par-
ticipation in patients with LQTS. The current ESC restriction of
even genotype-positive/phenotype-negative individuals appears
excessively restrictive, as we did not have a single event in this
cohort of patients despite participation in a wide variety of
sports.15 Unfortunately, the disqualification of athletes with
LQTS in Europe has become routine (and in fact the law) in
some countries. There were no athletic-related events noted in
our LQT3 cohort, which would support the Bethesda guide-
line’s relaxation of restrictions for asymptomatic LQT3
patients.14

In this study, we have not yet observed any ICD-related com-
plications among our 20 ICD patients who chose to continue
competitive athletics, although such complications have been
reported previously.22 Potential risks may include the damage to
the device or leads during repetitive motion of the arms, par-
ticularly during weight-lifting, golf and tennis. Interestingly, golf
is one of the few sports permitted under the Bethesda guidelines
for LQTS patients with an ICD. This issue requires further
evaluation, and more data should emerge from the ongoing
ICD Sports Registry (http://www.ICDsportsregistry.org).

Patient/family autonomy
Given the Bethesda guidelines’ self-admission that the guidelines
lacked evidence but were instead grounded in the ‘art of medi-
cine’, our LQTS clinic has embraced the importance of patient/
family autonomy and respect for their right to make a well-
informed decision regarding continuation of athletics. Contrary
to popular belief, this approach does not result in universal
sports participation. As we observed, presented with the same
risk-benefit information, nearly one of every five athletes and
their families chose disqualification.

Anecdotally, we have seen more events occur in patients who
were either not involved in athletics or who chose self-
disqualification, compared to those who have continued in athlet-
ics. This statistically cannot be compared due to retrospective
nature of the study, and the vastly heterogenous populations
described. However, it is intriguing to speculate that participation
in athletics may have a ‘protective’ effect in young LQTS patients.
This may be due in part to the acknowledgment of responsibility
that comes with being granted this form of autonomy. For
instance, due to our insistence on certain parameters prior to par-
ticipating, our athletes may have a better compliance with medi-
cation dosing and electrolyte replacement than our non-athletes.
In our study, no athlete had a cardiac event when optimally
managed with 100% coverage by β-blockers, LCSD or ICD. This
potential and seemingly paradoxical ‘protective’ effect of athlet-
ics in young LQTS patients warrants further study.

What are the new findings?

▸ In a cohort of 130 athletes with long QT syndrome (LQTS)
who continued to participate in competitive athletics
following their diagnosis, only one had a cardiac event in
over 650 athlete-years of follow-up.

▸ One patient with an event was a known high-risk 9-year-old
LQT1 male with a history of cardiac arrest and implantable
cardioverter-defibrillator (ICD) placement, who received two
appropriate ICD therapies, both while warming up prior to
practices, and both during admitted non-compliance with
β-blocker medication.

▸ Current guidelines for competitive athletic participation,
particularly those disqualifying genotype-positive/
phenotype-negative patients (the European Society of
Cardiology guidelines), may be excessive for this disease.

▸ Comprehensive evaluation, counselling, risk stratification,
medical management and preparation must take place prior
to allowing LQTS athletes to continue competitive athletics
after their diagnosis.

How might it impact clinical practice in the near future?

▸ This study could stimulate discussion about the roles of the
physician, the athlete and the family in decision-making
regarding return-to-play issues.

▸ Regarding patients with long QT syndrome (LQTS), this study
should help move the ‘goal posts’ regarding patient
management. The goal should no longer be the prevention
of sudden death. Rather, it should be directed to living and
thriving despite the diagnosis.

▸ These observations should stimulate re-examination of the
most recent 2005 expert opinion guidelines from both sides
of the Atlantic (the Bethesda Conference guidelines in North
America and the European Society of Cardiology guidelines
in Europe) regarding sports participation in athletes with
LQTS.

Limitations
Importantly, our data applies only to athletes with LQTS and
cannot be extrapolated to other genetic channelopathies and
cardiomyopathies where the guidelines currently recommend
restriction from athletics. Whether the event rate would be as
low for other genetic heart diseases as observed in our cohort of
athletes with LQTS requires further study. Further, in our
dataset, some sports classifications have very limited participa-
tion (especially class IIIB and IIIC sports), and extrapolation of
our findings to sports in these classifications may be premature.
In addition, we limited our patient selection to those between
the ages of 6 and 40, and thus outcomes of athletic participation
in patients over 40 years of age are unable to be determined
from this study. Considering that a guideline-based recommen-
dation for disqualification has been in place for almost 20 years,
it is not surprising that our athletic cohort was skewed towards
younger patients with only eight patients in the athletic cohort
over the age of 21. As such, athletic outcomes in adults with
LQTS warrant further investigations. Finally, the clinical
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outcomes described in this paper can only be examined in the
context of our dedicated LQTS Clinic’s comprehensive 2–3 day
approach regarding a patient’s clinical evaluation, assessment
and LQTS-directed treatment programme. It is not possible to
extrapolate our outcomes to other versions of the LQTS evalu-
ation process without further research.

CONCLUSIONS
With over 650 athlete-years of follow-up, we report an extremely
low rate of cardiac events among LQTS athletes during sports.
This suggests that the current guidelines, which relied on ‘expert
consensus and the art of medicine’, may be excessively restrictive
for this particular disease and should be revisited. In addition,
our experience shows that an approach that embraces patient/
family autonomy and self-determination does not result in uni-
versal continuation of sports participation. Importantly, however,
the outcomes seen in our LQTS specialty clinic should not be
viewed as an unqualified ‘free pass’ for patients with LQTS. A
comprehensive and extensive team approach is needed to meticu-
lously phenotype the patient to ensure that an accurate risk fore-
cast is generated and communicated, and that a robust treatment
plan is implemented. Only then can the athlete and his/her
family be equipped properly to make a well-informed decision
about remaining an athlete, as the parents more than anyone
know just how high the stakes are.
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Supplemental Table 1: Specific Patient Information – Against ESC but Within Bethesda Conference Guidelines 

Pt # Gender Age at 

Dx 

(years) 

Genotype QTc at 

Dx (ms) 

Symptoms ICD Beta-

Blocker 

LCSD Bethesda 

Sport Class 

Level Events During 

Sport? 

1 M 15 LQT1 412 N N Y N IA HS N 

2 F 3 LQT1 465 N N Y N IIB Other N 

3 M 9 LQT1 420 N N Y N IA HS N 

4 M 1 LQT1 460 N N N N IB Child Comp N 

5 M 15 LQT1 443 N N Y N IIIB HS N 

6 M 14 LQT1 420 N N Y Y IIC HS N 

7 M 11 LQT1 440 N N Y N IIB HS N 

8 M 16 LQT1 459 N N Y N IIB College N 

9 M 9 LQT1 427 N N Y N IC Child Comp N 

10 M 6 LQT1 444 N N Y N IIC Child Comp N 

11 F 4 LQT1 452 N N Y N IC Child Comp N 

12 F 17 LQT1 440 N N Y N IB College N 

13 M 9 LQT1 458 N N Y N IIIA Child Comp N 

14 F 2 LQT1 458 N N Y N IIIA Child Comp N 

15 M 7 LQT1 390 N N Y N IIC Child Comp N 

16 M 5 LQT1 429 N N Y N IIC Child Comp N 

17 M 11 LQT1 450 N N Y N IB Child Comp N 

18 F 16 LQT1 440 N N N Y IC HS N 

19 M 6 LQT1 416 N N Y N IB Child Comp N 

20 M 14 LQT1 414 N N Y N IC Child Comp N 

21 F 28 LQT1 450 N N Y N IC Adult Comp N 

22 M 7 LQT1 459 N N Y N IIIA Child Comp N 

23 F 7 LQT1 438 N N Y N IIB Other N 

24 M 25 LQT1 430 N N N N IC Adult Comp N 

25 M 8 LQT1 501 Y N Y N IA Child Comp N 

26 F 35 LQT1 449 N N Y N IIIA Adult Comp N 

27 F 13 LQT1 471 N N Y N IC HS N 

28 F 2 LQT1 425 N N Y N IC Child Comp N 

29 F 9 LQT1 460 N N Y N IIC Child Comp N 



30 F 9 LQT1 432 N N Y N IIIA Child Comp N 

31 M 8 LQT1 432 N N Y N IIB Child Comp N 

32 M 12 LQT1 448 N N Y N IB Child Comp N 

33 F 6 LQT1 456 N N Y N IIIA HS N 

34 M 9 LQT1 413 N N Y N IC Child Comp N 

35 M 7 LQT1 436 N N Y N IIC Child Comp N 

36 M 32 LQT1 419 N N Y N IIC Adult Comp N 

37 M 2 LQT1 417 N N Y N IIC Child Comp N 

38 F 14 LQT1 470 N N Y N IIIA Child Comp N 

39 F 14 LQT1 440 N N Y Y IIC HS N 

40 M 12 LQT1 434 N N Y N IIC Child Comp N 

41 M 18 LQT1 451 N N Y N IB College N 

42 M 10 LQT2 441 N N Y N IIC Child Comp N 

43 M 4 LQT2 440 N N Y N IIB Other N 

44 F 17 LQT2 462 N N Y N IIIA Child Comp N 

45 F 12 LQT2 473 N N Y N IC Child Comp N 

46 M 10 LQT2 396 N N Y N IC HS N 

47 M 12 LQT2 428 N N Y N IC HS N 

48 M 12 LQT2 438 N N Y N IIC HS N 

49 F 14 LQT2 463 N N Y N IB HS N 

50 F 3 LQT2 414 N N Y N IIC Child Comp N 

51 M 1 LQT2 423 N N Y N IIB Child Comp N 

52 F 12 LQT2 465 N N Y N IB HS N 

53 M 14 LQT2 447 N N Y N IIC Child Comp N 

54 F 10 LQT2 460 N N N Y IIB Other N 

55 F 12 LQT2 440 N N Y N IIIA Child Comp N 

56 M 10 LQT2 451 N N Y N IIC Child Comp N 

57 M 17 LQT2 433 N N N N IIB College N 

58 F 16 LQT2 460 N N Y N IB College N 

59 M 5 LQT2 450 N N Y N IB Child Comp N 

60 M 9 LQT2 444 N N Y N IB Child Comp N 

61 F 7 LQT2 425 N N N N IIIA Child Comp N 

62 M 8 LQT3 450 N N N N IC Child Comp N 



63 M 16 LQT3 465 N N N N IC HS N 

64 M 11 LQT3 430 N N N N IIC Child Comp N 

65 M 16 LQT3 517 N N N N IIB HS N 

66 F 11 LQT3 475 N N N N IIC Child Comp N 

67 F 5 LQT3 475 N N N N IB Child Comp N 

68 F 5 LQT3 496 N N N N IB Child Comp N 

69 F 15 LQT3 414 N N N N IIIA College N 

70 F 7 Multiple  

(1&2) 

472 N N Y Y IC Child Comp N 

 

 

 

 

 



Supplemental Table 2: Specific Patient Information – Against Bethesda Guidelines 

Pt # Gender Age at 

Dx 

(years) 

Genotype QTc 

at Dx 

(ms) 

Symptoms ICD Beta-

Blocker 

LCSD Bethesda 

Sport Class 

Level Events During 

Sport? 

1 M 4 LQT1 650 Y Y Y Y IC Child Comp N 

2 M 2 LQT1 487 N N Y N IC Child Comp N 

3 M 5 LQT1 500 N N Y Y IB Child Comp N 

4 M 9 LQT1 422 Y Y Y N IIC HS N 

5 M 10 LQT1 468 Y N Y N IIIB HS N 

6 M 7 LQT1 490 Y Y Y Y IIC Child Comp Y 

7** F 9 LQT1 431 N N Y N IIIB Child Comp N 

8 F 7 LQT1 480 N N Y N IB Child Comp N 

9 F 0 LQT1 526 N N Y N IIIA Child Comp N 

10 M 11 LQT1 478 N N N Y IB Child Comp N 

11 F 14 LQT1 520 Y N Y N IC Adult Comp N 

12 M 14 LQT1 450 Y N Y Y IIC HS N 

13 F 36 LQT1 490 Y Y Y N IC Adult Comp N 

14 M 33 LQT1 422 N Y Y N IIIA Adult Comp N 

15 M 6 LQT1 480 Y N Y N IIC Child Comp N 

16 M 12 LQT1 492 N N Y N IIC Child Comp N 

17 M 13 LQT1 541 N N Y N IIB HS N 

18 F 15 LQT1 512 N N Y N IIIA Child Comp N 

19 M 11 LQT1 475 N N Y N IIC Child Comp N 

20 M 9 LQT1 470 N N Y N IIC Child Comp N 

21 F 10 LQT1 510 N N Y Y IIC Nat’l N 

22 F 16 LQT1 486 Y N Y Y IIC HS N 

23 M 5 LQT1 492 N N Y N IIIA Child Comp N 

24 F 10 LQT1 501 N N Y N IC HS N 

25 M 10 LQT1 483 N N Y N IIC Child Comp N 

26 F 15 LQT1 505 N N Y Y IIB HS N 

27 M 8 LQT1 486 Y N Y N IIC Child Comp N 

28 F 11 LQT1 483 N N Y N IB Child Comp N 

29 F 35 LQT1 510 N N Y N IIIA Adult Comp N 



30 F 16 LQT1 510 N N Y Y IC HS N 

31 M 13 LQT1 450 Y N Y Y IB HS N 

32 F 4 LQT1 503 Y N Y N IIIA Child Comp N 

33 F 16 LQT1 480 N N Y N IIIA Child Comp N 

34 F 13 LQT2 500 Y Y Y N IB HS N 

35 F 14 LQT2 490 Y N Y N IIIA Child Comp N 

36 M 12 LQT2 517 N N Y N IIB Child Comp N 

37 F 17 LQT2 530 Y Y Y Y IIIA Child Comp N 

38 F 14 LQT2 560 N N Y Y IB HS N 

39 F 12 LQT2 550 N N Y N IB Child Comp N 

40 F 15 LQT2 490 N Y Y N IIIA Child Comp N 

41 F 14 LQT2 599 Y Y Y N IIIA Child Comp N 

42 M 0 LQT2 480 N N Y N IIIB Child Comp N 

43 M 10 LQT2 511 Y Y Y N IIB Other N 

44 F 15 LQT2 447 Y Y Y N IIC Child Comp N 

45 M 1 LQT2 475 N N Y N IIC Child Comp N 

46 M 16 LQT2 524 N Y Y N IC Adult Comp N 

47 F 13 LQT2 540 Y Y Y Y IC HS N 

48 M 9 LQT2 490 N N Y N IIC Child Comp N 

49 M 11 LQT2 493 Y N Y N IIC Child Comp N 

50 M 6 LQT2 583 Y Y Y N IIIA HS N 

51 F 17 LQT2 463 Y N Y N IIIA Adult Comp N 

52 F 24 LQT2 613 Y Y Y N IC Adult Comp N 

53 F 13 LQT2 574 N Y Y N IIC Child Comp N 

54 F 16 LQT2 440 Y N Y N IC HS N 

55 M 15 LQT3 464 Y Y N N IC Child Comp N 

56 M 2 LQT3 474 Y Y N N IIC Child Comp N 

57 F 13 LQT3 475 N Y Y N IB HS N 

58 F 14 Multiple (1&2) 600 Y Y Y N IIIA HS N 

59 M 1 Multiple (1&2) 567 N N Y Y IC Child Comp N 

60 F 18 Multiple (1&3) 456 Y N Y Y IC College N 

 


