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1. Epidemiology 
1.1. General epidemiological data 
Cardiomyopathies are in many cases inherited cardiac diseases with an 
identifiable or suspected genetic cause, with variable and often incom-
plete penetrance throughout life.1 Geographical differences in the dis-
tribution of genetic variants may influence the estimated prevalence of 
different cardiomyopathy phenotypes in different populations, ethnici-
ties, regions, and countries. The complexity of diagnostic criteria for 
some conditions, such as arrhythmogenic right ventricular cardiomyop-
athy (ARVC), limits the evaluation of the true prevalence of the disease 
in the general population. Moreover, epidemiological data are often not 
collected systematically at the population level, particularly in children. 

Hypertrophic cardiomyopathy (HCM) is the most common cardio-
myopathy, with an estimated prevalence taken from a pooled analysis 
of eight studies of 0.2% (95% confidence interval [CI], 1.44–2.71) or 
1/460 population.2–9 Data from cardiac magnetic resonance (CMR) 
analysis of a large adult cohort (>45 years of age) suggested that the 
prevalence may be higher than those derived from early 
echocardiography-based studies, with up to 1.4% prevalence, or 1/76 
population.10 In contrast, data from the UK Biobank reported a preva-
lence of 0.11% of left ventricular hypertrophy (LVH) above 15 mm in a 
population where arterial hypertension and aortic stenosis were ex-
cluded (0.22% in men and 0.04% in women).11 Of note, (likely and def-
inite) pathogenic gene variants have been detected in up to 60% of 
HCM.12 

The prevalence of dilated cardiomyopathy (DCM) has been trad-
itionally estimated at 0.036% (95% CI, 0.023–0.050) or 1/2740 based 
on one large population study.13 More recent data suggest that the 
prevalence of DCM may be almost 10 times higher, based on indirect 
assumptions of the prevalence of genetic variants associated with the 
disease in general populations14 and with less stringent diagnostic cri-
teria.15 Likely and/or definitely pathogenic gene variants occur in up 
to 40% of DCM,16 and the prevalence of (likely) pathogenic genetic var-
iants is also over 10% in non-familial DCM. 

The true prevalence of ARVC based on the pooled analysis of three 
relatively large series is estimated at 0.078% (95% CI, 0.077–0.078) or 
1/1290.17–19 However, substantial geographical differences in the esti-
mated population prevalence have been reported. 

Data from the EURObservational Research Programme (EORP) 
Cardiomyopathy and Myocarditis registry with consecutive inclusion 
of cardiomyopathy cases provide information on the relative burden 
of cardiomyopathies seen in specialized clinics across Europe.20 

Hypertrophic cardiomyopathy burden in inherited cardiac disease units 
is 1.4 times higher than DCM, 12.2 times higher than classical ARVC, 
and 26.3 times higher than restrictive cardiomyopathy (RCM).  
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1.2. Paediatric cardiomyopathies 
Overall, the annual incidence of paediatric cardiomyopathies is esti-
mated to be about 1 per 100 000 children, with the highest incidence 
in the first year of life, based on population studies in Finland, the 
United States of America, and Australia.21–23 

Paediatric cardiomyopathies form a diverse group of uncommon dis-
eases, including genetic causes, metabolic or neuromuscular diseases, 
toxic causes, and infections. Dilated cardiomyopathy and HCM make 
up ∼50% and 25% of all children with cardiomyopathy, respectively, 
whereas ARVC rarely presents in the first decade of life.21,23 

Restrictive cardiomyopathy is rare in childhood. The annual incidence 
of DCM is 0.34–0.58 per 100 000 children, with the highest incidence 
in infants (<1 year of age) of 3.80–4.58 per 100 000.21–24 The annual 
incidence is higher in boys than in girls (0.66 vs. 0.47) and in Blacks 
than in Whites (0.98 vs. 0.46).25 Data from the Paediatric 
Cardiomyopathy Registry (PMCR) suggest that 66% of children have 
idiopathic disease. Of known causes, myocarditis was the most com-
mon (46%), followed by neuromuscular disease (26%), familial DCM 
(14%), metabolic disease (11%), and malformation syndrome (3%).25 

In the current era, clinical genetic testing detects a genetic cause in 
about one-third of paediatric DCM cases, including a relatively high per-
centage of de novo mutations.26,27 The overall annual incidence of HCM 
is 0.24–0.47 per 100 000 children.21–23 A large peak in incidence in the 
first year of life is mainly caused by HCM due to metabolic disorders 
and malformation syndromes. Another smaller peak in the second dec-
ade is mainly due to sarcomeric diseases.28 Arrhythmogenic right ven-
tricular cardiomyopathy is very rare in early childhood; however, large 
ARVC registry data show that ∼15% of ARVC patients present with 
paediatric onset disease with mean 15.3 ± 2.4 years of age. Paediatric 
ARVC patients more often present with sudden cardiac death 
(SCD).29,30 Restrictive cardiomyopathy is very rare, with an annual in-
cidence of 0.03–0.04 per 100 000 children.21,23 Age at diagnosis ranges 
from infancy to adolescence; however, in contrast with other paediatric 
cardiomyopathies, RCM shows no peak in infancy and the incidence in-
creases with age.31 

1.3. Special populations 
Direct causes of cardiomyopathies include pathogenic gene variants, 
toxins (e.g. alcohol, chemotherapy), autoimmunity, storage diseases 
(e.g. Fabry disease), infiltrative diseases (e.g. amyloidosis), various stres-
sors (e.g. pregnancy, tachyarrhythmias), or infections. 

Several forms of DCM previously considered secondary to external 
factors were recently proved to have genetic contributors, including al-
coholic cardiomyopathy (AlcCM), cancer therapy-induced cardiomy-
opathy (CCM), and peripartum cardiomyopathy (PPCM). Titin gene 
truncating variants (TTNtv) represent a prevalent genetic predisposition 
for AlcCM (present in 13.5% vs. 2.9% in controls), as they are associated 
with a worse left ventricular ejection fraction (LVEF) in DCM patients 
who consume alcohol above recommended levels.32 Unrecognized 
rare variants in cardiomyopathy-associated genes, particularly TTNtv 
(in 7.5% of cases), appeared to be associated with an increased risk 
of CCM in children and adults, and adverse cardiac events in adults.33 

Rare truncating variants in eight genes were found in 15% of women 
with PPCM, and two-thirds were TTNtv (10% of patients vs. 1.4% of 
the reference population).34,35 Additionally, other truncating variants 
were identified in the genes DSP (1%), FLNC (1%), and BAG3 (0.2%).35 

Hypertrophic cardiomyopathy can represent the common pheno-
type for several phenocopies and genocopies.12 Anderson–Fabry dis-
ease was found in 0.94% of males and 0.90% of females in cardiac 

screening programmes for LVH and HCM.36 Screening with bone scin-
tigraphy found a high prevalence of transthyretin cardiac amyloidosis in 
specific populations: 11.4% in aortic stenosis, 4.8% in heart failure with 
preserved ejection fraction, 12.9% in LVH/HCM, and 2.6% in carpal tun-
nel syndrome (more if it is bilateral).37 

The concept that cardiomyopathies are more prevalent than initially 
thought has generally been accepted by the scientific community, but 
more work needs to be done to ensure that the classification and de-
tection of these rarer cardiac conditions are carried out in a systematic 
manner. 

2. The patient pathway 
2.1. Genetic testing 
2.1.1. Variant interpretation 
If a variant is identified in a gene known to be associated with the pre-
senting phenotype, the laboratory will classify it according to a 5-tier 
system. Where there is sufficient evidence to support causation, the 
variant will be classified as pathogenic or likely pathogenic (P/LP). 
Conversely, where there is sufficient evidence to support a variant as 
not being the cause of disease, it is classified as benign or likely benign. 
Where there is conflicting or insufficient evidence, this will be consid-
ered a variant of uncertain significance (VUS). Benign/likely benign var-
iants may not be included in the report. Pathogenic and benign 
classifications convey high confidence regarding the causal significance 
of a variant. ‘Likely’ represents >90% likelihood that a variant is patho-
genic or benign, usually sufficient confidence to act on a result. Often 
there are insufficient data to achieve 90% confidence for or against 
pathogenicity, and variants are reported as uncertain. There are 
many rare variants in the genomes of healthy individuals, and many of 
these, even in well-known disease-associated genes, are innocent by-
standers and not causative for the observed disease. VUS should there-
fore not be used for cascade testing and are seldom actionable in the 
proband. 

It is important for the clinician to recognize when they can contribute 
additional information that might allow a VUS to be re-interpreted with 
more confidence, and the laboratory will often flag in the report if extra 
information might be sufficient to reclassify. For example, if a variant is 
not inherited from either parent, then it has likely arisen de novo in the 
affected individual and is more likely to be pathogenic. Segregation ana-
lysis may reveal that the variant is shared by several affected relatives, 
providing additional evidence for a role in disease rather than a bystand-
er role. Reclassification of variants can be challenging for patients and 
families,38,39 but should be part of pre-test genetic counselling 
discussions. 

2.2. Genetic counselling 
2.2.1. What is genetic counselling? 
Genetic counselling is a process that aims to support patients and their 
families to understand and adapt to the medical, psychosocial, and famil-
ial impact of genetic diseases.40,41 Genetic counselling can include 
discussion of inheritance risks, provide education, perform pre- and 
post-genetic test counselling and variant interpretation, obtain a three- 
generation family history, and provide psychosocial support.42 The 
unique psychosocial needs of the inherited cardiomyopathy patient 
population have shaped the field of cardiac genetic counselling.43 For 
those with a new diagnosis, there can be difficulty adjusting to life 
with an inherited cardiomyopathy, challenges living with an implantable  
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cardioverter defibrillator (ICD), and ongoing trauma and grief for those 
who have experienced a young SCD in their family. Attention to the 
psychological support needs of patients is therefore critical. Indeed, 
in the general setting, genetic counselling can improve knowledge, re-
call, and patient empowerment; increase satisfaction with decision- 
making; and reduce anxiety.44–47 

2.2.2. Who performs genetic counselling? 
Genetic counselling is a process that is preferably performed by health-
care professionals with specific training, such as genetic counsellors, 
genetic nurses, or clinical/medical geneticists. Regardless of who takes 
on this role, it involves more than simply the provision of information: 
it requires careful attention to psychosocial needs. A systematic review 
of genetic counselling communication showed that higher levels of em-
pathic responses, less verbal dominance (ratio of counsellor to patient 
talk), and the provision of a summary letter were associated with more 
positive outcomes.48 

2.2.3. Genetic counselling in paediatrics 
Genetic counselling performed by trained healthcare professionals 
working within a multidisciplinary team is recommended for all children 
with all types of cardiomyopathies, regardless of whether genetic test-
ing is being considered. 

There are specific issues to consider when counselling children and 
their families and considering clinical screening and predictive genetic 
testing.49–51 The guiding principle remains that any testing, clinical or 
genetic, should be in the best interests of the child and have an impact 
on management, lifestyle, and/or ongoing clinical testing.50 The psycho-
social impact should be considered and counselling should take place in 
the context of a multidisciplinary setting involving the child and their 
family.42,52–54 With appropriate multidisciplinary support in a paediatric 
setting, psychosocial outcomes in children undergoing clinical screening 
and predictive genetic testing are no different than those of the general 
population.54 Pre- and post-test counselling should be performed,42,53 

and the wishes of the child in terms of testing and disclosure of results 
should be at the forefront. Although the Task Force acknowledges that 
different healthcare systems may not allow for this, psychological sup-
port should be made available to all children and families with cardiomy-
opathy or undergoing clinical and/or genetic testing, with a particular 
focus on those with a recent diagnosis, a family history of SCD, and 
who are at important points during childhood, such as moving from pri-
mary to secondary education and transitioning from paediatric to adult 
services.52,54–56 

2.2.4. Pre- and post-test genetic counselling 
(proband) 
One critical role for genetic counselling is alongside genetic testing. This 
includes a discussion prior to a decision to undertake genetic testing 
(pre-test) and when the results are returned (post-test). Pre-test gen-
etic counselling focuses on the collection of a detailed family history, 
providing genetic education about inheritance risks, the process and lo-
gistics of genetic testing and options for return of the results, an explan-
ation of all possible outcomes, clinical and family implications, the risk of 
reclassification and identification of secondary genetic findings, insur-
ance implications, and an exploration of feelings and understanding of 
the information provided. Post-test discussions include a review 
of the key points previously discussed in the pre-test session, return 
of the result, discussion of the implications of this result to the patient’s 
care, and implications for the family. It can be helpful to provide tailored 

information from the family history, explicitly noting every family mem-
ber’s inheritance risk, and clinical and genetic testing options. Where a 
suspicious VUS has been identified, specific explanation of what this 
means is important, including whether there is a plan for resolving it, 
such as segregation to other affected relatives in the family, and how 
often the classification will be reviewed. There should be ample oppor-
tunity for questions or clarification at all points in the process. 

2.2.5. Cascade genetic testing 
Once a P/LP variant has been identified within an index patient follow-
ing investigations of relevant disease genes associated with the specific 
phenotype, it is possible to offer cascade genetic testing of first-degree 
at-risk relatives, including pre-test genetic counselling. In a scenario 
where a first-degree relative has died, evaluation of close relatives of 
the deceased individual (i.e. second-degree relatives of the index pa-
tient) should also be considered. Genetic cascade screening should con-
tinue for all offspring of relatives who are shown to carry a P/LP variant. 

Relatives who do not carry the variant can be dismissed from follow- 
up, while genotype-positive relatives should continue regular clinical 
evaluation. 

The right assignment of the level of pathogenicity of a variant is cru-
cial for cascade genetic testing. Inappropriate use of genetic testing in a 
family has the potential to introduce unnecessary worry and fear, as 
well as potential harm related to the misinterpretation of genetic var-
iants. Therefore, it is advised that variants should be classified by a spe-
cialized multidisciplinary cardiac genetic team with an appropriate level 
of expertise. In this context, it is important to understand that up to 
50% of published variants are wrongly classified. In addition, systematic 
reclassification of identified variants is crucial, including its communica-
tion to families, emphasizing the need for these specialized multidiscip-
linary cardiogenetic teams. 

2.2.6. Uptake of genetic counselling and testing 
Several studies have evaluated the uptake of genetic testing and coun-
selling and/or cardiological screening in inherited cardiomyopathies in 
first-degree relatives of index patients. Roughly 39–45% of at-risk rela-
tives for an inherited cardiomyopathy come for screening within 1–2 
years after the identification of the pathogenic variant in the fam-
ily.57–60 After a longer follow-up (median 16 years) this increased to 
60%.60 A first-intervention study (more intensive discussion of inform-
ing relatives at risk with the index patient, followed by a family letter 
sent directly to the relatives) did not increase the uptake.60 This sub-
optimal uptake leaves room for improvement, and future studies will 
give guidance on how to do this. Currently, it is recommended to dis-
cuss with the index patient how they will reach out to first-degree re-
latives and how the healthcare provider can help and provide support. 

2.2.7. Approaching relatives of the index patient 
At-risk relatives are generally informed by the index patient, who is sup-
ported with a family letter about the condition, the content of the fam-
ily screening programme, and links to relevant websites with further 
information. However, the approach to relatives varies between coun-
tries due to differences in tradition and legislation. 

The discussion of how to approach family members is an important 
part of the genetic counselling process with the index patient. 

For a variety of reasons, the index patient may refuse to inform at- 
risk relatives of having inherited the condition and about the offer of 
family screening. This is a cause for concern, since most inherited car-
diac conditions (ICCs) are associated with adverse complications and  
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SCD, which may be prevented if diagnosed in due time. Depending on 
the legislation of each country, it may be possible to bypass the index 
patient and approach at-risk relatives directly. This may be done 
through a letter informing each relative that a hereditary condition is 
suspected in the family and that they should contact the ICC unit and 
obtain more information if they wish. Sometimes, affected relatives 
may refuse to have their minor children investigated; an issue which 
may be difficult to solve unless there is legislation in place that outlines 
how to deal with this issue. 

When these kinds of difficult situations occur, it is important to be 
patient and try to understand the reasons of the affected individuals 
for withholding information from at-risk relatives. Offering repeated 
counselling sessions or suggesting a phone call with relatives at a later 
stage are two possible solutions. Usually, however, the problem re-
solves once the affected individual has had sufficient time to consider 
the implications. 

2.2.8. Inheritance and family communication 
Knowing that one’s family is at increased risk of inheriting a genetic con-
dition can create uncertainty and worry for many index patients. 
Because most inherited cardiomyopathies follow an autosomal domin-
ant inheritance pattern, there is a need to communicate the importance 
of both clinical and genetic testing of relatives. Conveying this informa-
tion to at-risk relatives is typically reliant on the proband in the family 
understanding the information and passing it on to the appropriate re-
latives. Numerous studies show that effective family communication is 
an important challenge, and interventions to support communication 
have so far not yielded favourable results, highlighting the multidimen-
sional nature of the issue.52,60,61 Common barriers to communication 
may include poor family relationships; guilt about passing a causative 
variant on to children; psychosocial factors, including distress; and com-
prehension of the result.62,63 A patient will often selectively communi-
cate genetic information to relatives, assessing their ability to 
understand and cope with the information, their life stage, and risk sta-
tus.61 Health literacy is an important barrier to effectively communicat-
ing genetic risk information to relatives, highlighting the need for 
targeted resources and mechanisms for support.64 

2.2.9. Psychological support 
Coming to terms with a diagnosis of an inherited cardiomyopathy can 
be difficult and have a significant impact on psychological well- 
being.43,65–70 

As a patient, being at risk of hereditary cardiomyopathy is not only a 
matter of facts and test results, but also of perception: while one af-
fected family member can have only mild symptoms that can be treated 

with medication, others may have a different outcome with a greater 
impact in terms of the treatment needed (e.g. ICD or transplant). 
This fact should be considered when treating a family with a hereditary 
cause of cardiomyopathy, in aspects such as the communication of test 
results and targeting psychological needs. Not every patient within a 
family has the same burden of symptoms and/or disease outcome. 

The ‘estimate of risk’ is not only a matter for the professional care-
taker in terms of how to treat the patient: the impact on the patient 
themselves and the consequences of that treatment may necessitate 
a very thorough and professional need for psychological assistance. 
The psychological well-being of a patient with cardiomyopathy has a 
broad range of aspects to consider, from the very personal to specific 
and practical needs: 

• Self-care should be clearly emphasized: from day-to-day blood pres-
sure testing to the importance of a strict medication schedule. This 
contributes to a patient’s feeling of self-control. 

• The aspects of treatment (medication, ICD, transplant) that have an 
effect on daily life should be clearly communicated (e.g. medication 
schedule, side effects of medication, diet restrictions, exercise restric-
tions, etc.). 

• The significance of the hereditary component of the condition should 
be made clear, as the possibility of having children with the defect (or 
the decision not to have children at all) can be a difficult burden to 
bear for many patients. 

• Practical issues should be emphasized (these may vary according to 
local legislation); e.g. seeking a mortgage, getting a driver’s licence, 
career planning, etc.  

Psychological assistance should support and encourage the patient as 
well as the family, but also give guidance to the patient to try to find an-
swers to the very specific challenges they will face. 

3. Specific entities 
3.1. Hypertrophic cardiomyopathy 
3.1.1. Cardiac magnetic resonance imaging and 
sudden cardiac death risk in hypertrophic 
cardiomyopathy 
Although current data suggest that the extent of late gadolinium en-
hancement (LGE) on CMR may be of use in predicting cardiovascular 
mortality, data in regards to the use of LGE in the prediction of SCD 
risk are conflicting (Table S1). Similarly, the roles of the presence of 
LV apical aneurysms (Table S2) and LV systolic dysfunction 
(Table S3) as additional independent predictors of SCD risk in HCM re-
main to be determined.  
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3.3. Amyloid 
Prognosis in cardiac amyloidosis was originally considered poor but this can be further stratified (Table S5). Several multiparametric biomarker- 
based staging systems have been developed for AL89,90 and ATTR cardiac amyloidosis.91–93 

4. Sports 
Exercise recommendations for the different cardiomyopathies are referred to intensity levels that are provided in Table S6. 

Table S5 Prognostic staging scores in light chain amyloidosis and transthyretin amyloidosis 

Kumar et al.89  

AL 
Lillenes et al.90 

AL 
Grogan et al.93 

ATTRwt 
Gillmore et al.92 

ATTRv and ATTRwt 
Cheng et al.91 

ATTRv and ATTRwt  

Staging parameters: 

FLC-diff >18 mg/dL 
Troponin T > 0.025 ng/mL 

NT-proBNP > 1800 pg/mL 

Staging parameters: 

troponin I > 0.1 ng/mL 
BNP > 81 pg/mL 

Staging parameters: 

troponin T > 0.5 ng/mL 
NT-proBNP > 3000 pg/mL 

Staging parameters: 

eGFR <45 mL/min 
NT-proBNP > 3000 pg/mL 

Scoring parameters: 

Mayo or NAC Score  
(0–2 points) 

Daily dose of furosemide or  

equivalent: 0 mg/kg (0 points),  
>0–0.5 mg/kg (1 point),  

>0.5–1 mg/kg (2 points),  

and >1 mg/kg (3 points) 
NYHA class I–IV (1–4 points)  

Stage 5-year  
survival 

Stage Median 
survival 

Stage 4-year 
survival/ 
median 
survival 

Stage Median 
survival 

Score Median survival  

Stage I 
(0 parameters) 

68% Stage I 
(0 parameters) 

Not 
reached 

Stage I 
(0 parameters) 

57% 
66 

months 

Stage I 
(0 parameters) 

69.2 
months 

Score 
1–3 

90.5 months 

Stage II 

(1 parameter) 

60% Stage II 

(1 parameter) 

112.8 

months 

Stage II 

(1 parameter) 

42% 

40 

months 

Stage II 

(1 parameter) 

46.7 

months 

Score 

4–6 

38.5 months (Mayo) 

36 months (NAC) 

Stage III 
(2 parameters) 

28% Stage III 
(2 parameters) 

51.6 
months 

Stage III 
(2 parameters) 

18% 
20 

months 

Stage III 
(2 parameters) 

24.1 
months 

Score 
7–9 

20.3 months (Mayo) 
19.8 months (NAC) 

Stage IV 

(3 parameters) 

14% Stage IIIb 

(2 parameters  

and BNP  
>700 pg/mL) 

12 

months       

©
ES

C
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23

AL, Monoclonal immunoglobulin light chains amyloidosis; ATTRv, Hereditary transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; BNP, brain natriuretic peptide; eGFR, 
estimated glomerular filtration rate; FLC, free light chain; NAC, national amyloid centre; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association.  

Table S6 Indices for exercise intensity during sport 

Intensity VO2max (%) HRmax (%) HRR (%) RPE scale Training zone  

Low-intensity, light exercise  <40  <55  <40  10–11 Aerobic 

Moderate-intensity exercise  40–69  55–74  40–69  12–13 Aerobic 

High-intensity exercise  70–85  75–90  70–85  14–16 Aerobic + lactate 

Very high-intensity exercise  >85  >90  >85  17–19 Aerobic + lactate + anaerobic ©
ES

C
20

23

HRmax, maximum heart rate; HRR, heart rate reserve; RPE, rate of perceived exertion; VO2max, maximum oxygen consumption. 
Adapted from Vanhees et al.94   
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5. Recommendations for 
non-cardiac interventions 
Management of patients with HCM and LVOTO deserves careful evalu-
ation. Objectives and specific actions are summarized in Table S7. 

6. Requirements for specialized 
cardiomyopathy units 
6.1. Requirements and skills 
A cardiogenetic unit/cardiomyopathy unit (CGU/CMU) should have ac-
cess to both outpatient and inpatient facilities within a healthcare pro-
vider structure.98–101 The activity of a CGU/CMU is based on the 
availability of multimodality cardiac imaging facilities (echocardiography 

with advanced analysis, CMR, nuclear medicine), electrocardiographic 
(including Holter monitoring), and functional evaluation (cardio- 
pulmonary test, electrocardiogram [ECG] exercise testing). Close col-
laboration with interventional cardiology, electrophysiology, and car-
diac surgery departments is necessary. A genetic team with expertise 
in cardiomyopathies and links to a clinical genetic testing laboratory is 
also required. These units should also provide a framework for discuss-
ing the diagnosis, therapeutic options, and prognosis. Clinical psycholo-
gists and genetic counsellors assist with the integration of information 
by the patients and their families. These units should also collaborate in 
the management of relatives across different geographic areas. These 
requirements are summarized in Table S8. 

7. Living with cardiomyopathy: 
patient and family education 
Our knowledge of both the clinical and genetic basis of cardiomyop-
athies has been a rapidly evolving area of cardiology over the last 30 
years. This poses significant challenges to healthcare professionals 
who seek to stay abreast of new knowledge and ensure that their pa-
tients are receiving the highest standard of care. This can also be difficult 
for patients who seek to better understand the condition they are being 
assessed or managed for. For a patient and their at-risk family members, 
resources to enable understanding and make sense of the tangible im-
pact a diagnosis will have on them should be made available. Patient sup-
port groups may also play an important role in supporting patient and 
family education. 

Patient education has been defined as a ‘process of assisting consu-
mers of healthcare to learn how to incorporate health-related beha-
viours (knowledge, skill, attitude) into everyday life with the purpose 
of achieving the goal of optimal health’.103 Incorporating patient educa-
tion into the design and development of healthcare services, as well as 
clinical guideline documents, can enable greater awareness and appre-
ciation of the need for clear and understandable patient education 
resources. 

Patient education reduces the uncertainty regarding symptoms, man-
agement, and prognosis; provides appropriate risk information; and pro-
motes patient empowerment and self-efficacy, whereby the patient plays 
a leading role in their own health management. This is particularly rele-
vant in the case of paediatric cardiomyopathy patients in which the par-
ent’s and child’s environment should be appropriately addressed. 

The process of patient education can be classified into four compo-
nents: assessment, planning, implementation, and evaluation.104 

Assessment of the patient, including literacy levels, concerns, priorities, 
learning preferences, and potential barriers to learning, is crucial to per-
sonalizing education. The planning of patient education strategies 

Table S7 Management of a patient with hypertrophic 
cardiomyopathy and left ventricular outflow tract 
obstruction for non-cardiac interventions 

Objectives • To maintain normal to high cardiac pre-load. 
• Afterload control. 

• To maintain sinus rhythm/AV synchrony at low 

heart rates (60–65 b.p.m.). 
• Medication to treat LVOTO should remain on 

board during NCS.  

To avoid Diuretics and inotropic agents. 

If hypotension appears • Pre-load should be corrected (fluids, 

Trendelenburg position to favour venous 

return). 
• Use drugs that increase systemic vascular 

resistance without causing greater ventricular 

obstruction and without increasing 
contractility and heart rate as phenylephrine or 

vasopressin.  

If LVOTO appears Consider use of intravenous beta-blockers such 

as short-acting esmolol, metoprolol, or labetalol. 

If rapid atrial 

fibrillation appears 

Rate control with beta-blockers or calcium 

blockers or electric cardioversion if 
haemodynamic instability. ©

ES
C

20
23

AV, atrioventricular; b.p.m., beats per minute; LVOTO, left ventricular outflow tract 
obstruction; NCS, non-cardiac surgery. 
Adapted from Sahoo et al., Dhillon, et al., and Hensley et al.95–97   
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involves setting mutual goals for the healthcare provider and the pa-
tient, and developing an education plan that uses evidence-based teach-
ing strategies with a focus on patient’s needs and priorities. 
Implementation of the plan should be adjusted according to how the 

patient responds and their changing learning needs. Finally, the plan 
should be evaluated to determine where learning has been achieved. 
The patient education process should be repeated accordingly. A com-
prehensive approach is shown in Table S9. 

Table S8 Cardiomyopathy units: requirements and skills 

Requirements Skills  

Integrated cardiology/paediatric cardiology unit (should include adult 
and paediatric cardiovascular specialists with expertise in cardiac genetics and 

cardiomyopathies) 

Ability to perform a family history and draw and interpret a family pedigree 
Ability to perform or interpret appropriate diagnostic tests and examine 

diagnostic clues to define the nature of the cardiomyopathy and its underlying 

aetiology 
Clinical Nurse Specialists and clinic co-ordinators to facilitate scheduling of new 

patients and families and arrange appropriate follow-up 

Dedicated outpatient clinic Capacity to see and follow-up cardiomyopathy patients and their families in a 

dedicated outpatient clinic 

Family screening Ability to carry out a complete clinical screening of relatives (adults and 

children) 

Diagnostic imaging unit (with experience in and capacity to carry out 

studies on cardiomyopathies, including basal, stress, and transoesophageal 
echocardiography; CMR; and cardiac CT [whether integrated or not into the 

cardiology unit]) 

Performance and interpretation of echocardiography with focus on the 

evaluation of myocardial morphology, outflow geometry, septum morphology, 
valve apparatus anatomy, presence of LVOTO, mitral valve and/or papillary 

muscle anomalies, right ventricle myocardium, Doppler and strain studies, etc. 

Performance and/or interpretation of CMR with special focus on the 
characterization of myocardial tissue with parametric mapping methods 

(quantification of T1, T2, and extracellular volume fraction), LGE, etc. 

Performance and/or interpretation of cardiac CT scans 

Nuclear imaging unit (with experience in cardiac involvement of systemic 

diseases [amyloidosis, sarcoidosis, etc.]; may not be co-located) 

Ability to interpret cardiac scintigraphy studies and PET scans 

Genetics unit (with experience in cardiomyopathies and links to a clinical 

genetic testing laboratory, with access to genetic counselling) 

Ability to discuss genetic testing options with patients and their families, as well 

as the impact on the patient and/or family 
Access to clinical genetic testing encompassing genes with definitive gene– 

disease association with the condition tested for 

Ability to interpret the genetic result and differentiate the clinical implications 
of different variant classification for the patient and their family 

Ability to perform cascade genetic testing of at-risk relatives 
Access to genetic counselling for the patient and all families seen with an 

inherited cardiomyopathy 

Access to pre- and post-test genetic counselling for all patients undergoing 
genetic testing 

Catheterization and interventional cardiology unit (diagnostic and 
therapeutic procedures including structural procedures, with experience in 

ASA and an adequate number of procedures according to guidelines) 

Ability to perform and interpret invasive haemodynamic studies to assess 
cardiac performance and intracardiac pressures in cardiomyopathies and valve 

disease as well as coronary angiography to detect haemodynamically significant 

epicardial coronary disease as contributors to myocardial ischaemia or heart 
failure 

Performance and/or interpretation of coronary angiograms of HCM patients 

that allow for correct identification of a septal perforator branch with 
compatible anatomy for ASA 

Ability to contextualize the clinical condition of patients, determine the need 

for interventions, and the likelihood of safe and effective septal reduction with 
ASA 

Electrophysiology and arrhythmia unit (with experience in 
electrophysiological studies, ventricular tachycardia and atrial fibrillation 

ablation, and device implantation [pacemakers, resynchronization devices, and 

ICDs]) 

Ability to interpret other arrhythmia screening tools (e.g. implantable loop 
recorders), perform basic device troubleshooting, and deactivate defibrillator 

therapy and pacemaker functions 

Accurate selection of suitable patients for defibrillator therapy/ 
resynchronization based on guidelines                                                                                                                                                                                                                          

Continued  

ESC Guidelines                                                                                                                                                                                               17 



Cardiac surgery unit (with experience in myectomies and mitral valve repair 

for the management of obstructive HCM with an adequate number of 

procedures according to guidelines; may be in another reference centre) 
Active heart transplant and ventricular assist device programme 
that allows for a response to and continuity for needs derived from the 

treatment of patients with cardiomyopathies (may be in another reference 
centre) 

Ability to determine the need for effective septal reduction with myectomy and 

or mitral valve repair 

Ability to detect patient deterioration and offer referral for heart 
transplantation when necessary 

Ability to offer ventricular assist device therapy or access to such a centre 

Pathological anatomy unit (with experience in cardiomyopathies) 
Forensic pathologist unit (directly involved in the study of SCDs in the 

community) 

Ability to understand the microscopic study of patient tissue samples in order 
to arrive at a diagnosis of the disease 

Ability to develop protocols between forensics and the cardiomyopathy unit 

for study of SCDs that occur in the community in an out-of-hospital setting 

Clinical psychological support (from healthcare professionals with 
appropriate qualifications in the psychotherapeutic treatment of emotional and 

behavioural disorders caused by inherited conditions and SCD in relatives) 

Psychological support should be offered to the patient or the family, with 
referral to an appropriately qualified healthcare professional 

Access to clinical psychological expertise for families with psychological 

difficulties, e.g. following a young SCD in the family; and patients adjusting to a 
new diagnosis, ICD therapy, possible medical restrictions on their daily routine, 

and the psychological aspects of living with a condition for the foreseeable 

future (aided by medication, ICD, transplant, etc.) 

Research, teaching, and educational capacity Research capacity, and demonstrated research experience in the field of 

cardiomyopathies, at national and international levels 
Capacity to carry out teaching and educational activities related to the area of 

cardiomyopathies, aimed at improving the knowledge and technical capacity of 

healthcare providers involved in the same chain of care within and outside of 
the provider facility, such as continuing medical education and distance learning 

Telemedicine and other e-health tools Ability to exchange expertise with other healthcare providers and support 
them 

Established procedures and a framework for ensuring the management, 

safeguarding, and exchange of medical data, including established outcomes, 
process indicators, and patient registers for the specific area of expertise in 

accordance with EU data protection legislation 

Ability to foster the use of telemedicine and other e-health tools within and 
outside their facilities, by fulfilling the minimum interoperability requirements 

and, when possible, using agreed standards and recommendations102 

©
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ASA, alcohol septal ablation; CMR, cardiac magnetic resonance; CT, computed tomography; EU, European Union; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter 
defibrillator; LGE, late gadolinium enhancement; LVOTO, left ventricular outflow tract obstruction; PET, positron emission tomography; SCD, sudden cardiac death.  

Table S9 Educational steps 

Step Examples  

Assessment 

Demographic data • Enquire about the patient’s level of education, and cultural and religious beliefs and values.  

Patient’s concerns and 

priorities 

• Enquire what the patient is most concerned about. 

• Enquire what knowledge the patient has regarding the cardiomyopathy they are being assessed for or affected by. 

• Ask the patient about level of knowledge of the condition in their close social environment.  

Patient’s interests • What does the patient want to understand?  

Learning preferences • Enquire about the patient’s preferred mode of learning (e.g. reading, video, verbal, demonstration, app).  

Assessment tools • Questionnaires or other assessment tools can be used to establish the level of knowledge pre- and post-patient education 

activity.  

Planning 

Set mutual goals • Set goals according to the context. For example, educate the patient so that they are able to inform family members about the 

condition. 

• Aim to address individual health literacy needs and consider disabilities that might affect this. 
• Offer education according to the patient’s interests and learning preferences.                                                                                                                                                                                                                           

Continued  
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