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Abstract

Purpose of review There are numerous health benefits to exercise, including improved
cardiovascular, metabolic, and mental health. Despite these many benefits, children with
cardiomyopathy have been traditionally restricted from engaging in exercise or participat-
ing in organized sports. The purpose of this review is to summarize the current literature
regarding the utility of cardiopulmonary exercise testing, discuss the safety and benefits of
exercise and sports participation in children with cardiomyopathy, and to identify research
gaps in the field.

Recent findings We highlight relevant literature discussing exercise and sports participa-
tion in children with hypertrophic cardiomyopathy, dilated cardiomyopathy, anthracycline-
induced cardiomyopathy, and those with ventricular assist device support. We discuss
recent literature describing methods for risk stratification.

Summary The current literature globally favors promoting exercise and sports participa-
tion after appropriate risk stratification. Additionally, we offer guidance for how to safely
promote exercise in children with cardiomyopathy.
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Opinion statement

Pediatric cardiomyopathies are a broad and heteroge-
neous group of diseases. Each type of cardiomyopathy
presents itself with unique challenges, and generally,
there are limited treatment options for children with
cardiomyopathy. In this review paper, we globally
portend that exercise is safe for most children with
cardiomyopathy, and exercise prescriptions remain
an underutilized therapy. Given the multiple physical
and psychological benefits of exercise, we would highly
encourage children with cardiomyopathy to engage in
exercise and recreational sports. However, each patient
deserves an individualized approach when recom-
mending exercise or allowing for sports participation.
For example, children with hypertrophic cardiomyopa-
thy (HCM) have a unique pathophysiologic substrate,
and therefore, an appropriate risk assessment accounts
for HCM-specific risk factors, which are outlined in our
review paper. In this review, we summarized the car-
diovascular and mental health benefits of exercise as

Introduction

well, and we believe that all children with HCM should
engage in at least light or moderate exercise, depend-
ing on their risk profile. Multi-disciplinary cardiac reha-
bilitation programs that include cardiologists, exercise
physiologists, and psychologists should be the standard
of care for children with HCM. In children with dilated
cardiomyopathy (DCM), we highlighted that exercise
is safe for most, and structured exercise programs may
increase the 6-min walk distance. This is an important
finding, as the 6-min walk distance is associated with
transplant free survival. We also presented literature,
demonstrating that exercise is safe in certain patients
with DCM. For cancer survivors with anthracycline-
induced cardiomyopathy, our review explains that
exercise is safe and may in fact improve cancer relapse
rates. In general, we encourage exercise and sports par-
ticipation to improve quality of life and mental health
in children with cardiomyopathy. We would take an
individualized approach when counseling patients.

Despite the well-recognized health benefits associated with physical activity
[1-14], the field of pediatric cardiology has traditionally been cautious when
recommending exercise to children with cardiomyopathy (CM) due to concern
for sudden cardiac death (SCD) and provoking disease progression [15-17].
However, recent data among adults has demonstrated that exercise can be safe
and offer health benefits for certain patients with CM [18], which in turn has
led to a less restrictive approach to exercise and sports participation. While
childhood CM has distinct differences, there is an increasing interest in under-
standing and promoting safe and effective forms of exercise in the pediatric CM
population. The purpose of this review is to summarize the current literature
regarding the utility of cardiopulmonary exercise testing (CPET), the safety and
benefits of exercise and sports participation in children with CM, and to identify
research gaps which we hope will prompt future investigation.

Importance of sports participation and exercise

Cardiovascular health

Childhood obesity continues to rise and remains a major issue in America,
in part due to increasing sedentary lifestyles. One in three American children
are overweight or obese, with associated comorbidities including diabetes
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mellitus, hypertension, and nonalcoholic fatty liver disease [18, 19]. Children
with CM are not spared from this epidemic; in fact, they may be at even a
higher risk than the general population, with studies demonstrating decreased
exercise capacity and poor cardiovascular risk profiles in children with hyper-
trophic cardiomyopathy (HCM) [20, 21]. However, participation in aerobic
exercise has been shown to reduce the incidence and severity of diabetes,
obesity, and hypertension, many co-morbidities that affect long term cardiac
health [22]. Therefore, in children with non-modifiable cardiovascular risk
factors, optimizing their cardiovascular risk profile through physical activity
may be an important way to improve outcomes.

Mental health

Quality of life (QOL) is higher in those who exercise, and participation in
organized sports improves psychological well-being in children. Obese chil-
dren who enrolled in an after-school exercise program showed improvement
in QOL and depression [8], and for patients with depression, exercise pre-
scriptions can improve symptoms |6, 11]. This is particularly relevant for
children with CM, who have impaired QOL in comparison to peers, and high
rates of anxiety and depression [14, 23]. Although certain patients with CM
are at an increased risk of SCD, it is worth noting that other mental health
issues such as suicide account for 11% of deaths in youth aged 15-24 [24,
25] emphasizing the importance of identifying interventions which positively
impact mental health and to avoid undue activity restriction in all children.

Exercise and sports participation by form of cardiomyopathy

Hypertrophic cardiomyopathy

HCM is the second most common form of pediatric CM, with an estimated
incidence of 1 in 500 [26-28]. HCM is defined by a left ventricular (LV) wall
thickness>15 mm, or a septal thickness Z-score>2 without any pressure or
volume-loading components [29]. Pathologic examination of the myocar-
dium in HCM reveals myocardial disarray, often due to genetic mutations of
sarcomere formation, RASopathies or neurodegenerative disorders, usually
inherited in an autosomal dominant fashion [30, 31]. Patients with HCM are
at an increased risk for SCD compared to the general population and may
have physiologic limitations to exercise performance |25, 32, 33]. As a result,
a thoughtful approach to these patients and sports participation is crucial.

Current guidelines regarding exercise

Historically, exercise has been considered unsafe for patients with HCM, due
to the perception that physical activity increased the risk of SCD. In 2009,
Maron et al. described HCM as the most common cause of SCD in athletes
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[34]. However, more recent studies have challenged this finding with Finoc-
chiaro et al. showing that among a cohort including 3,684 cases, HCM con-
stituted only 6% of SCD [35], and Weissler-Snir et al. reporting more deaths
among patients with HCM occurring during sleep or at rest (30% and 34%,
respectively) than during activity (17% during moderate/vigorous exercise
and 17% during light exercise) [32]. It was in this developing context that
Saberi et al. performed a trial of moderate intensity exercise in patients with
HCM and ultimately demonstrated that this type of exercise training was safe
and improved peak oxygen consumption (VO,) in patients with HCM [36].
These studies have contributed to a shift in the approach of exercise
counseling for patients with HCM. In 2020, the American Heart Associa-
tion (AHA)/American College of Cardiology (ACC) published an updated set
of guidelines which introduced new class I recommendations regarding the
safety of physical activity, stating that “for most patients with HCM, mild-to-
moderate intensity recreational exercise is beneficial to improve cardiorespi-
ratory fitness, physical functioning, and quality of life, and for their overall
health in keeping with physical activity guidelines for the general population”
[29]. Although exercise guidelines were limited to mild-to-moderate intensity,
more recent data demonstrated no difference in SCD risk between those with
HCM who did vigorous exercise versus moderate exercise or were seden-
tary [37°]. Another class I recommendation states “for athletes with HCM, a
comprehensive evaluation and shared discussion of potential risks of sports
participation by an expert provider is recommended.” These guidelines also
suggest that participation in low-intensity competitive sports for patients with
HCM is reasonable (class I1a). Yet, despite these revised recommendations,
most adults with HCM remain less active than unaffected individuals [38].

Exercise for children with hypertrophic cardiomyopathy

Studies of CPET in children with HCM reveal reduced peak VO,, low peak
physical working capacity, O, pulse, peak heart rate (HR), and high rates of
abnormal Ve/VCO, slopes [21, 39, 40]. The reasons for abnormal exercise
performance and reduced levels of physical activity levels [41°¢] are likely
multi-factorial, including physiologic limitations, patient/parent concerns,
and provider influence. While studies in adults with HCM demonstrate low
levels of physical activity [38], this has not been thoroughly studied in chil-
dren with HCM.

Physiologic limitations of exercise performance

Certain phenotypes of HCM are characterized by significant LV hypertrophy
and LV outflow tract (LVOT) obstruction which reduces the LV cavity, and in
turn, the stroke volume [42], which is an important determinant of exercise
performance [43, 44]. Diastolic function likely also plays a role in exercise
performance in children with HCM, with echocardiographic markers of LV
diastolic dysfunction by left atrial (LA) size and LA index shown to correlate
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with peak VO, on CPET [45, 46]. Chronotropic incompetence (either intrinsic
or in the setting of beta blockade) has also been observed in patients with
HCM, which further reduces peak exercise capacity [39, 47]. Finally, physi-
ologic or anatomic limitations in exercise performance contribute to physical
deconditioning, muscle weakness, and restriction from physical activity which
perpetuates abnormal exercise performance.

Patient perceptions of physical limitations

Patients with HCM face many psychological issues related to exercise, includ-
ing fear of SCD, and peer pressure to engage with activity beyond their abili-
ties. A study among teenagers with HCM utilizing qualitative methodology
to identify perceptions regarding exercise [48¢] identified several factors
which influence decisions to be active including: self-awareness, ownership
and autonomy, feeling restricted, support from parents, and support from
their cardiologist. This work highlights the barriers and motivators to activ-
ity which likely differ for children with HCM compared to healthy peers and
emphasizes the necessity of participatory study design in developing effective
activity related interventions.

Provider influence on exercise and sports participation

Providers who care for children with HCM play a critical role in exercise and
sports counseling. Teenagers with HCM report entrusting their cardiologist
for guidance with physical activity [48¢]; however, there is wide variability
in how exercise counseling is performed. This is likely due to a deficiency of
pediatric literature, shifting guidelines, provider discomfort or lack of knowl-
edge in safe counseling, and fear of litigation. A study published in 2022 of
pediatric heart failure and electrophysiology specialists revealed differences in
counseling patterns with heart failure specialist being more likely to restrict
exercise than electrophysiologists [16]. The heterogeneity in guidance dem-
onstrates a need to develop a more unified and evidence-based approach to
activity in these patients. In Fig. 1, we provide a brief list of findings that may
warrant caution with competitive sports participation.

Risk stratification

Patients with HCM are at risk for SCD given their unique physiologic sub-
strate. Prior to routine exercise or organized sports participation, a com-
plete risk assessment should take place. There are well-established risk
factors for SCD in adult patients with HCM [29]. By contrast, children
with HCM have a different risk profile for SCD [49], and applying adult
risk models may not be appropriate to estimate SCD in children [50].
Recently, the primacy and HCM risk-kids model have been developed to
specifically measure pediatric risk [50, 51]. While neither of these models
include data from CPET in their algorithms, this may be due to a lack of
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Benefits of
exercise

Improved peak VO,

Improved cardiovascular

health

Psychosocial and mental
health improvement

Better metabolic health

Higher rates of cancer
remission

Improved cardiovascular
health

Psychosocial and mental
health improvement

Better metabolic health

Improved peak VO,

More physical mobility

Improved post- heart
transplant course and
recovery (pre-habilitation)

Fig. 1 There are numerous health benefits of exercise. For patients with cardiomyopathy, there are various factors that
increase the risk of sudden cardiac death, and a risk-benefit discussion should occur on a case-by-case basis. (VO,, oxy-
gen consumption; SCD, sudden cardiac death; BP, blood pressure; LGE, late gadolinium enhancement; cMRI, cardiac mag-
netic resonance imaging; CPET, cardiopulmonary exercise testing. Ventricular assist device icon adapted from Mehra et al.
[97]). Image created with BioRender.com.

consistent practice, and we contend that incorporating exercise related data,
along with personal and family history, and imaging data will allow for a
more accurate understanding of patient specific risk.

The initial risk stratification should include a personal and family his-
tory of syncope or SCD, echocardiogram, and cardiac magnetic resonance
imaging (MRI) with contrast to detect late gadolinium enhancement
(LGE). With echocardiographic evaluation, it is important to measure LA
size, LV function, LV and mitral valve morphology, an LVOT gradient, and
coronary artery anatomy. CPET with consideration of stress echocardiogra-
phy to measure an inducible LVOT gradient is recommended as well [29],
being mindful that outflow tract obstruction can also occur in athletes
or otherwise healthy individuals [52]. Various studies in children have
demonstrated prognostic utility with CPET. In a single center retrospective
cohort study, ectopy (atrial or ventricular) during surveillance CPET was
associated with cardiac death, cardiac transplantation, or the need for an
implantable cardiac defibrillator (ICD) [21]. In a large multi-center study
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of 724 children with HCM, an abnormal CPET, defined as: an abnor-
mal blood pressure (BP) response (inability to augment systolic BP by
20 mmHg or a drop in systolic BP with exercise), ischemia, or complex
ventricular ectopy (frequent single PVCs, or consecutive PVCs), was asso-
ciated with a lower 5-year transplant-free survival. A subgroup analysis
in this study revealed that ischemia during CPET was most predictive of
5-year transplant-free survival in this cohort. Other studies have shown
that an abnormal BP response was associated with a higher risk of all-
cause mortality when compared to those with normal CPET [41¢], though
it is worth remembering that accurately measuring BPs during exercise
can be challenging. Metabolic measurements have also been shown to
associate with clinical outcomes. A multi-center analysis performed in
Italian hospitals including 66 children with HCM found an association
with reduced percent predicted peak VO, (< 60% of predicted) and circu-
latory power (defined as peak VO, in mL/kg/min x systolic BP) with the
composite outcome including: SCD (SCD events, aborted SCD, ICD shock,
or sustained ventricular tachycardia), death from heart failure, cardiac
transplantation, progression to NYHA class III-IV caused by end-stage
disease with or without LV ejection fraction <50%, hospitalization due to
heart failure, and septal reduction therapy for heart failure symptoms [40].
With the increased use of genetic testing, questions have arisen as to how
to best counsel patients who test positive for pathologic genes associated
with HCM, without manifesting any clinical findings, a group known as
“genotype-positive/phenotype-negative.” While patients who are genotype-
positive are at risk for disease progression, exercise should still be promoted.
In a study of 187 adults, split into groups of HCM-patients and genotype-
positive/phenotype-negative, vigorous exercise was not associated with an
increased incidence of ventricular arrhythmias for those in the genotype-
positive/phenotype-negative group [53]. Furthermore, in a retrospective
analysis of pediatric patients with genotype-positive HCM, Burstein et al.
revealed no association of genetic mutations with adverse cardiac events
[54]. These studies overall suggest that genotype-positivity in isolation is
not an indication to restrict from exercise. In general, patients who are
genotype-positive, regardless of phenotype, should be monitored for clini-
cal progression. At this current time, there is little evidence to suggest that
pediatric patients who are genotype-positive/phenotype-negative are at an
elevated risk of sudden cardiac events with exercise, although additional
caution should be taken in those with multiple pathogenic genes [55].

Implantable cardiac defibrillators

Some patients with HCM have an ICD due to an elevated risk of SCD or a
prior event. Evidence reveals that patients with an ICD can safely participate
in exercise [56]; however, data from an adult study suggests that patients
with HCM who receive ICD interventions have increased anxiety with exer-
cise compared to HCM patients without ICD events [57]; therefore, anxi-
ety symptoms should be monitored closely. Furthermore, according to the
2020 AHA/ACC guidelines in managing HCM, it is considered a class III
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recommendation (more harm than benefit) to place an ICD purely for sports
participation in a patient who does not otherwise meet the traditional guide-
lines for ICD placement.

Shared decision making in a pediatric setting

The AHA/ACC guidelines for managing HCM recommend engaging in shared
decision-making regarding exercise and sports participation. This includes an
agreement between three main parties, (1) the patient, (2) parents, and (3)
the coach, trainers, and/or schoolteachers. An understanding of the patient’s
developmental status and ability to appreciate risk should be considered.
Parents may share a different level of concern around risk than their children.
Young athletes with HCM may perceive the benefits of participating in their
sport to far outweigh the risks of their disease; therefore, it is also important
to understand the patient’s values and to identify any competing factors or
conflicts of interest (such as scholarships). Coaches, trainers, and teachers
should also be engaged in the conversation, with a clear understanding of
the athlete’s limits. The latter group should also ensure that an automated
external defibrillator (AED) is accessible at their facility and should be trained
in performing cardiopulmonary resuscitation (CPR) [58, 59].

Cardiac rehabilitation

Recent data has repeatedly demonstrated the safety and efficacy of cardiac
rehabilitation programs in patients with HCM [36, 60, 61], with structured
programs resulting in improved peak VO,. In experienced pediatric centers,
cardiac rehabilitation should remain a strong consideration for improving
the health of children with HCM and for promoting long term activity habits.
While there is currently wide variability in the use of cardiac rehab in children
with HCM, there are initiatives to standardize these practices. Further research
is necessary to clearly delineate the safety, feasibility, and implementation
strategies of cardiac rehabilitation in pediatric patients with HCM.

Patients with HCM are at an elevated risk of SCD; however, the degree to
which activity increases this risk is unclear and likely patient specific. There-
fore, appropriate risk stratification and shared decision making should be
engaged when counseling on exercise or sports participation. CPET with stress
echocardiography as appropriate, ambulatory rhythm monitoring and cardiac
MRI are helpful tools for risk stratification, along with validated tools such
as the primacy calculator. Overall, the physical and mental health benefits
of physical activity outweigh the risk of SCD in many pediatric patients with
HCM, and safe and effective forms of activity should be found for children
with HCM whenever possible.
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Dilated cardiomyopathy
- 1]

Dilated cardiomyopathy (DCM) is defined as a reduction in ventricular func-
tion with ventricular dilation, without a volume or pressure loading com-
ponent. Inherited forms of DCM include sarcomeric mutations, muscular
dystrophy, or mitochondrial disease, and acquired forms include myocar-
ditis, toxin exposure, and inflammatory diseases. DCM is associated with
malignant arrhythmias, sudden death, and heart failure [30, 62, 63]. There
is currently no curative therapy for DCM; therefore, patients are managed
pharmacologically with guideline-directed medical therapy, mechanical sup-
port, or by cardiac transplantation [30].

Current knowledge of exercise and sports participation

Patients with DCM have a low peak VO, and an elevated Ve/VCO, slope
[64-66]. The mechanism for low peak VO, is likely multifactorial, including
LV dysfunction, low chronotropic reserve, low stroke volume reserve, and
physical deconditioning. The Ve/VCO, slope has been shown to correlate
with capillary wedge pressure [67] and is likely elevated in the setting of LV
dilation with elevated LV diastolic pressures. There is prognostic utility of
CPET in children with DCM as well. In a single center, retrospective study by
Chen et al., the peak VO,, percent predicted peak VO,, peak workload, VO,
at anaerobic threshold, and Ve/VCO, slope all correlated with the composite
outcome (death before or after listing for heart transplant, hospitalization for
worsening heart failure needing intravenous inotropic support, mechanical
ventilation, or mechanical circulatory support) [66]. Additionally, in a sin-
gle center, retrospective study by Giardini et al., the percent predicted peak
VO,, Ve/VCO, slope, and peak systolic BP associated with death without
heart transplantation, or clinical deterioration requiring urgent listing for
heart transplantation [65]. While further research is needed to delineate the
mechanisms for these associations, there appears to be good prognostic value
with CPET for children with DCM.

With regards to sports participation, in 2019, the European Society for
Cardiology (ESC) published guidance for counseling individuals with DCM
[68]. In brief, those with DCM who have reduced LVEF (EF<40%), and/or
frequent/complex ventricular tachyarrhythmias on ambulatory rhythm moni-
toring and exercise testing, or a history of unexplained syncope should be
limited from competitive sports but can safely engage in leisurely activities.
Participating in competitive sports for these patients is considered a class
IIT recommendation (more harm than benefit). Furthermore, patients with
Lamin A/C or Filamin C gene mutations are at high risk for life-threatening
arrhythmias and, therefore, should not engage in competitive sports. There
is limited published data on exercise and sports participation for children
with DCM. In a notable pediatric study, Wittekind et al. retrospectively ana-
lyzed children with DCM who underwent cardiac rehabilitation at a single
institution, revealing overall safety with exercise, and modest improvements
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in 6-min walk distance (6MWD) accompanied by a slight reduction in waist
circumference [69]. This is an important finding, as the 6MWD is corre-
lated with transplant free survival in children with DCM [70]. Furthermore,
McBride et al. demonstrated that patients with DCM who are admitted to
the hospital while awaiting heart transplantation were able to participate in
cardiac rehabilitation, including those on continuous inotropic infusions,
without any adverse events [71]. Overall, the limited evidence among children
with DCM suggests that exercise and competitive sports are safe for certain
patients and provide cardiovascular benefit (Fig. 1); however, further studies
are needed, including prospective analyses of cardiac rehabilitation programs.

Anthracycline-induced cardiomyopathy

Patients who undergo chemotherapy are at risk for many cardiovascular dis-
eases, including CM from anthracycline chemotherapy agents [72]. Anthra-
cyclines induce cellular apoptosis, which can result in myocardial growth
arrest, with resultant ventricular restrictive physiology or DCM with ventricu-
lar dysfunction [73, 74]. Additionally, patients who undergo chemotherapy
are at risk for hypertension and insulin resistance [75]; therefore, engaging in
physical activity and exercise is very important. Furthermore, higher levels of
physical activity are linked to better rates of cancer remission [76, 77], making
exercise a disease-modifying intervention that should be strongly encouraged
in all cancer survivors.

Current knowledge of exercise capacity and barriers to exercise

Survivors of childhood cancer exposed to anthracyclines are known to have
reduced exercise capacity [78-81]. The mechanism of this is unclear, although
some data suggests that a small LV with reduced stroke volume may play a
role [81, 82] along with chronic illness, physical deconditioning, and sarco-
penia [83]. Despite the traditional concern for safety with exercise, various
studies in cancer survivors reveal that exercise is safe and can improve car-
diovascular health [84, 85]. In 2019, the American College of Sports medi-
cine published a consensus statement endorsing routine exercise in cancer-
survivors given its many health benefits and provided an abundance of safety
data [86]. Additionally in 2019, the AHA published a statement regarding the
utility of a multi-disciplinary cardio-oncology rehabilitation (CORE) service,
citing many studies confirming cardiovascular and mental health benefits of
exercise in cancer survivors, including those with chemotherapy-related CM
[87]. Furthermore, there are many mental health and psychosocial challenges
faced by cancer survivors, including difficulty with interpersonal relation-
ships, poor self-esteem, depression, post-traumatic stress disorder, poor body
image, mood swings, substance abuse, and suicidal ideation [88]. Exercise
can provide patients with a sense of control, autonomy, and can boost self-
esteem, and therefore is a highly advantageous in this vulnerable population.
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Further studies regarding the feasibility of exercise programs for pediatric
cancer survivors are needed.

Patients with a ventricular assist device

Patients with advanced heart failure due to CM may require ventricular assist
device (VAD) support while awaiting cardiac transplantation, and this popu-
lation is rapidly growing [89]. While VAD use can improve symptoms and
QOL in pediatric patients with heart failure [90], there is less pediatric litera-
ture about the safety of exercise among patients with VADs. However, recent
data has demonstrated safe exercise practices and increased 6MWD with VAD
support [91]. In fact, a study from the Children’s Hospital of Philadelphia
revealed that exercise and rehabilitation are safe in children on VAD support
[92]. Pre-exercise titrations to VAD output can be done safely to improve
cardiac output with exercise [93]. Given the increasing number of pediatric
patients being supported with VADs prior to cardiac transplant [89, 94] and
the importance of minimizing frailty prior to transplant [95], developing
standardized and effective cardiac rehabilitation programs for pediatric VAD
patients should be a major goal of CM care.

General guidance for exercise and sports participation

For children with CM, there is a broad range of functional capacities and a
spectrum of what defines exercise and sports participation. For some, the abil-
ity to perform activities of daily living may be the maximum of their capacity,
while for others, competitive sports may be the goal. The ESC has developed a
useful gradation system for various types of exercise, grading them on a scale
of dynamic and strength domains [96].

We propose the following framework for exercise in children with CM,
summarized in Fig. 2. First, a safe and effective form of exercise can and
should be identified in all children with CM. This may require creativity
in determining safe types of exercise, and consultation with a sports cardi-
ologist or exercise physiologist can be helpful. To safely prescribe exercise,
a general risk assessment should be performed, which may include CPET,
advanced imaging such as cardiac MRI, and an ambulatory rhythm moni-
tor. Exercise goals should be identified, and the intensity of exercise should
match the patient’s risk profile and disease severity. Parents and patients
should be counseled on safe exercise practices. In general, patients should
try to exercise in a group setting or with a partner, always maintain adequate
hydration, slowly increase their intensity toward a goal level, and perform
stretches prior to, and after activity. For schools and coaches, CPR training is
preferred, along with access to, and training in the use of an AED. Athletes
with CM should be given free range to take breaks if symptoms occur, or for
water breaks as needed. At each clinic visit, concerning symptoms such as
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Discuss patient-
centered exercise goals
Risk assessment with echo, and motivations Exercise with a

cMRI, and ambulatory
rhythm monitor partner or teammate

Counsel on self-
Provide free range to awareness of symptoms

< V

take breaks and education on
concerning-symptoms

Exercise intensity Ensure AED access and

should match the CPR training for coaches,

patient's risk profile teachers, trainers

Safe and effective exercise is available for all children with
cardiomyopathy

Fig. 2 There are many ways to ensure safe exercise in patients with cardiomyopathy. (echo, echocardiography; cMRI, car-
diac magnetic resonance imaging; AED, automated external defibrillator; CPR, cardiopulmonary resuscitation).

chest pain, shortness of breath, palpitations, or syncope should be reviewed,
and counseling toward self-awareness of one’s symptoms is essential.

In conclusion, we believe that a safe form of exercise can and should be
pursued in all children with CM. There is no “one size fits all” approach
when counseling children with CM toward sports and exercise, as there is a
large range in disease risk and sports competitiveness. Participation in cardiac
rehabilitation, leisurely exercise, and competitive sports can provide numer-
ous physical and psychological benefits and can improve the lives of children
with CM in general. Image created with BioRender.com.
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