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1

2 Cardiomyopathies are structural and functional disorders of the heart muscle. They are common, often 

3 inherited, and an important cause of sudden cardiac death. Herein, we provide an overview of 

4 diagnosis, genetic evaluation, and management of inherited cardiomyopathies for non-specialists. We 

5 focus on the key role of the general practitioner in recognising symptoms and clues from the family 

6 history. Further specialist evaluation is discussed alongside updated guidance from national and 

7 international bodies. 

8

9 WHAT ARE THE CAUSES?

10

11 Cardiomyopathies are broadly divided into genetic and non-genetic causes, the former being inherited 

12 cardiomyopathies. Non-genetic causes are classified as idiopathic or may be acquired, resulting from 

13 metabolic, endocrinological, or inflammatory disorders, pregnancy, amyloidosis, infections, and toxic 

14 agents including drugs and alcohol. Most inherited cardiomyopathies are single gene (monogenic) 

15 disorders with an autosomal dominant pattern and a 50% risk of transmission to a child. The main 

16 inherited cardiomyopathies are: Hypertrophic Cardiomyopathy (HCM), Dilated Cardiomyopathy (DCM), 

17 and Arrhythmogenic Cardiomyopathy (ACM )(Figure 1). DCM may be considered genetic or acquired.

18

19 HOW COMMON ARE THEY?

20

21 Inherited cardiomyopathies are found among all ethnicities and populations. HCM is the most common 

What you need to know

 Inherited cardiomyopathies are common and a major cause of heart disease across all 

age groups. 

 Asymptomatic individuals may still be at risk from sudden cardiac death.  

 The ECG and echocardiogram will detect the majority of cardiomyopathies, but further 

evaluation may include additional ECG testing, specialist imaging, and genetic testing. 

 Assessment of family members should be considered at an early stage with 

involvement of specialist centres.
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3

1 with a global prevalence of approximately 1:500 adults across racial groups (1-3). A US population-

2 based study estimated the prevalence of DCM at 1:2,500 adults (4), but this is considered an 

3 underestimate and closer to 1:250 (5). ACM is rarer and has a lower global prevalence of 1:2000-1:5000 

4 adults (6,7). 

5

6 HOW DO PATIENTS PRESENT?

7

8 Many patients affected by inherited cardiomyopathies are asymptomatic. Although clinical expression 

9 is uncommon before puberty, cardiomyopathy should be considered in young patients presenting with 

10 chronic symptoms of exertional breathlessness, chest pain, or reduced exercise capacity in the absence 

11 of respiratory causes. Symptoms and signs may, however, overlap with other common conditions such 

12 as asthma and anxiety. 

13

14 Observational studies indicate that over two thirds of those with HCM are asymptomatic (8,9). Classical 

15 exertional symptoms are chest pain, breathlessness, and/or exercise-related limitations (Table 1). In 

16 children, symptoms may indicate more severe disease (10). Most inherited DCM presents between the 

17 ages of 20-40 (11), but can also be detected in children and older adults. Nearly one third of 

18 asymptomatic relatives exhibit mild abnormalities on echocardiography and over a quarter progress to 

19 overt DCM (12). ACM usually becomes apparent during early adulthood (13). 

20

21 Acute presentations include heart failure, arrhythmia, syncope, or even sudden death (14), and may 

22 occur in the absence of prior warning signs.  Diagnosis may also be incidental. Indeed, 16% of patients 

23 in a prospective multinational registry of 3,208 cardiomyopathy patients were diagnosed incidentally 

24 (15).

Symptoms*

*usually asymptomatic

Physical Examination**

**often normal
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1 Table 1: Symptoms, examination findings, and red flags in the history prompting specialist referral 

2 according to consensus guidelines (16)

3

4 HOW ARE THE INHERITED CARDIOMYOPATHIES DETECTED?

5

6 Whilst most patients are asymptomatic, those presenting to their GP with new cardiac symptoms (Table 

7 1) should undergo careful assessment. Consensus guidelines from the Association for Inherited 

8 Cardiac Conditions (AICC) recommend that red flag symptoms should result in urgent evaluation in 

9 secondary care (16).  Onward referral to a specialist clinic should follow after exclusion of other causes 

10 such as ischaemic or valvular heart disease. 

11

12 A three-generation family history may identify a red flag diagnosis of cardiomyopathy or premature 

13 sudden death in a relative. Other suggestive family history includes premature stroke, heart failure, or 

14 use of implantable cardiac devices. All patients diagnosed with an inherited cardiomyopathy or a red 

15 flag family history should be offered assessment in a specialist service. 

● Exertional breathlessness or chest pain

● Syncope

● Palpitations

● Orthopnoea

● Paroxsymal nocturnal dyspnoea

● Ejection systolic murmur (left sternal 

border) – increased intensity on Valsalva, 

diminished by squatting (Left ventricular 

outflow tract obstruction in HCM) 

● Peripheral and/or pulmonary oedema 

● Elevated JVP 

● Irregular pulse 

Red Flags

● Exertional syncope and/or seizures

● Palpitations associated with altered level of consciousness

● Exertional chest pain in the young 

● Family history of cardiomyopathy 

● Family history of premature sudden cardiac death
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1

2 Cardiac Screening

3 The role of cardiac screening in the young is controversial. The UK National Screening Committee does 

4 not support a systematic population screening programme (17). However, young athletes are at 

5 increased risk of sudden death and pre-participation screening incorporating the 12-lead ECG is 

6 endorsed by the European Society of Cardiology (ESC) for all athletes aged 12-35 (18). A population-

7 based observational study from Italy showed an 89% reduction in the incidence of sudden cardiac death 

8 following introduction of mandatory pre-participation screening (from 3.6/100 000 to 0.4/100 000 

9 person-years over a 26-year period) (19). A UK study of 4,925 young athletes identified an ECG 

10 abnormality in 4.3%, although only 0.3% had a potentially serious cardiac condition (20). ECG 

11 abnormalities can be subtle, however, and suitably trained physicians should assess athletes. Advice 

12 should be sought by GPs if asked to declare such patients ‘fit to participate’ in endurance activities such 

13 as marathons.  

14

15 Post-mortem diagnosis

16 A comprehensive post-mortem is crucial to inform accurate diagnosis following sudden death and direct 

17 appropriate investigations in the family (21). All sudden deaths should be considered cardiac after 

18 exclusion of non-cardiac causes and guidelines recommend a full autopsy, including histological 

19 examination (22). A prospective study of 490 consecutive sudden cardiac death victims aged 1-35 

20 implicated inherited cardiomyopathies in 16% (23). When identified at autopsy, GPs should refer 

21 immediate relatives to a specialist clinic and consider bereavement support. 

22

23 WHAT ARE THE INITIAL INVESTIGATIONS?

24

25 The 12-lead ECG is the first-line investigation. It may be undertaken in primary care, but often requires 

26 interpretation by a cardiologist and if abnormal should result in referral to secondary care.  Table 2 

27 describes key investigations and possible findings according to aetiology. Those with an abnormal 

28 ECG, suggestive family history, or unexplained symptoms or physical signs should be referred to a 

29 cardiologist. Explain to patients that several tests requiring specialist referral and interpretation are often 

30 necessary (Figure 2).  This may include signal-averaged, ambulatory, and exercise ECGs, in addition 
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1 to advanced imaging. Determining whether a cardiomyopathy is genetic will frequently involve familial 

2 assessment.

3
4

HCM DCM ACM

ECG

Pathological Q waves;

ST segment depression (Figure 3);

Abnormal T wave inversion (Figure 3);

Left bundle branch block;

Profound non-specific intraventricular conduction 

delay

Abnormal T-wave inversion 

(Figure 4)

(anterior leads, or inferolateral 

leads in left ventricular 

variant);

Epsilon waves;

Abnormal signal-averaged 

ECG

Echocardiogram

Global or segmental 

hypertrophy (Figure 5);

Left ventricular outflow 

tract obstruction;

Systolic anterior motion of 

the mitral valve;

Diastolic dysfunction

Dilatation of the left 

ventricular cavity;

Impaired left 

ventricular systolic 

function;

Normal or reduced 

wall thickness

Right ventricular dilatation 

and/or systolic impairment;

Regional wall motion 

abnormalities (right ventricle);

Left ventricular dilatation and 

systolic impairment in some

24-hour tape and 

exercise ECG

Sustained or non-sustained ventricular 

tachycardia;

ST-segment depression / T-wave inversion during 

exercise

Atrial fibrillation

Frequent ventricular ectopy;

Exercise-induced 

arrhythmias;

Sustained or non-sustained 

ventricular tachycardia

5 Table 2: Summary of key electrical and structural abnormalities in the inherited cardiomyopathies. 

6 These will not be present in all affected individuals.

7

8 Cardiovascular Magnetic Resonance Imaging (CMR)

9 CMR may be employed in a specialist clinic to better characterise hypertrophy, especially apical HCM 

10 missed on echocardiography. It may also differentiate specific causes such as amyloidosis and Fabry 

11 disease (24). The presence and distribution of late gadolinium enhancement, representing myocardial 
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1 fibrosis, can distinguish different forms of disease and may confer a worse prognosis (25) as in HCM 

2 (26). CMR is also useful in the diagnosis of ACM, owing to its excellent visualisation of often subtle 

3 changes in the right ventricle (27). 

4

5 WHAT IS THE ROLE OF GENETIC TESTING IN SUSPECTED CASES?

6

7 Genetic testing of suspected cases is undertaken through specialist clinics to confirm or aid diagnosis, 

8 and occasionally guide therapy and evaluate risk. Consensus guidelines recommend that patients with 

9 a clinical diagnosis of HCM are offered genetic testing (28). Testing is advised for DCM patients with 

10 significant cardiac conduction disease and/or a family history of premature unexpected sudden cardiac 

11 death, where carrying a mutation (e.g. in the LMNA gene) may indicate higher risk. Genetic testing can 

12 be useful in ACM patients fulfilling diagnostic criteria and occasionally beneficial in borderline cases to 

13 aid diagnosis (28). 

14

15
16 Patients should be informed fully about the uncertainties of genetic testing. Genetic counsellors 

17 routinely discuss the potential for uncovering genetic variants of unknown significance (VUS), the need 

18 for future disclosure of genetic information for the benefit other family members, the psychological and 

19 social ramifications, and the rationale for pursuing testing in a family. Data from qualitative studies 

20 suggest testing does not inflict psychological harm and may alleviate uncertainty (29,30). However, the 

21 identification of a positive result in otherwise unaffected family members may cause increased anxiety 

Tips for the non-specialist: What to say to patients

Genetic testing can give us some insight into the underlying cause of your cardiomyopathy.

If we do not identify a gene change, this does not mean your condition is not inherited.

Positive genetic results can be useful to identify family members who may be at risk and sometimes 

allow discharge of those not at risk from follow-up. 

Genetic testing might in some cases influence the treatment you receive. 

Genetic testing might offer an opportunity to avoid passing on the disease in future pregnancies.

Genetic results can be revisited over time with more information. 
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1 about transmission to children and fear of discrimination. The UK government has set out a voluntary 

2 code of practice with British insurers stipulating that the results of predictive genetic testing should not 

3 be disclosed, with few exceptions (31). 

4

5 Family planning should also be discussed with patients. In selected gene-positive mothers, genetic 

6 conditions can be identified in embryos produced using in vitro fertilisation (pre-implantation genetic 

7 diagnosis). Gene-positive embryos will then not be implanted. 

8

9 HOW ARE FAMILY MEMBERS EVALUATED?

10

11 The aim of family evaluation is to identify affected relatives through clinical and/or genetic evaluation, 

12 commence appropriate treatment if indicated, and reduce the risk of sudden death (32-34). Indeed, the 

13 main role for genetic testing is early diagnosis of relatives of a clinically affected individual with a 

14 disease-causing mutation. This is known as predictive or cascade testing and when there is clear 

15 evidence of disease-causation, this may permit early discharge of gene-negative relatives from follow-

16 up. Thus, all immediate relatives of an affected individual should be referred to a specialist clinic to 

17 undergo clinical and predictive testing if appropriate (28). Predictive genetic testing in children should, 

18 however, always be carefully considered bearing in mind the child’s best interests. The probability that 

19 a gene-positive individual will go on to develop disease is often unknown and genetic testing may impact 

20 upon the child’s autonomy. 

21

22 If there is no gene mutation identified, clinical testing of relatives should proceed dependent on the 

23 underlying cardiomyopathy. Frequency of clinic follow-up is determined by several factors such as 

24 identification of disease-causing mutations, age at presentation, family history, and the presence of 

25 symptoms (35). Those with a disease-causing mutation will usually be followed up on an annual basis, 

26 dependent on the results from clinical evaluation. In the absence of genetic information or signs of 

27 disease, investigations are repeated every 2-5 years. In children aged 10-20, tests are recommended 

28 on an annual basis, but may be performed at an earlier age in select cases or as a baseline to minimise 

29 parental anxiety.

30
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1 HOW ARE THE INHERITED CARDIOMYOPATHIES MANAGED?

2

3 The main goals of treatment are to ameliorate symptoms and prolong life. Management and risk 

4 stratification are best determined by a specialist and follow-up may involve a local cardiologist in 

5 partnership with primary care.  General practitioners are well positioned to monitor and up titrate drug 

6 therapy, liaise with local heart failure community services (where appropriate), identify other family 

7 members, and refer patients in need of reassessment back to specialist care. 

8

9 Risk stratification for sudden cardiac death

10 The aim of risk stratification is to identify patients at the highest risk of sudden death and facilitate 

11 preventative strategies including an implantable cardioverter defibrillator (ICD). In HCM, the ESC Risk-

12 SCD calculator (36) combines clinical and family history with investigation findings to estimate an 

13 individual’s 5-year risk of sudden cardiac death. This model has been externally validated in a large 

14 retrospective cohort study and is employed alongside other tools such as late gadolinium enhancement 

15 on CMR (26,37). In ACM, several observational studies have identified risk markers including sustained 

16 ventricular tachycardia, heart failure, and cardiogenic syncope (38-40). The severity of systolic 

17 impairment remains the main driver of risk in DCM, particularly patients with a left ventricular ejection 

18 fraction <35% (41), or those with LMNA gene mutations (28).

19

20 Prognosis

21 The natural history of the inherited cardiomyopathies varies according to underlying aetiology. In HCM, 

22 a large meta-analysis of 12,146 patients identified a pooled 10-year survival rate of 75% (95% CI 71.1-

23 78.9%) (42). This analysis, however, has several limitations and larger prospective studies with longer 

24 follow-up are required. In ACM, cohort studies have estimated an annual mortality of <1% for treated 

25 patients (43). In DCM, prognosis is difficult to define due to its insidious onset and heterogeneous 

26 nature. An early retrospective observational study of 101 DCM patients reported a five-year survival of 

27 55% for non-familial forms and 51% for patients with familial disease (44); however, more recent studies 

28 suggest a more favourable outcome, especially amongst idiopathic disease (45,46).  Discussion of 

29 prognosis with patients must be individualised due to diverse clinical presentation, genetic causes, and 

30 evolving evidence-based therapies. 
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1

2 Implantable cardioverter defibrillators 

3 The ICD is the only effective way of preventing premature sudden cardiac death in high-risk groups. In 

4 patients with ventricular arrhythmias, a meta-analysis of ICD therapy versus medical treatment alone 

5 showed a marked reduction in sudden cardiac death (RR 0.49, 95% CI 0.34 to 0.69) and all-cause 

6 mortality (RR 0.75, 95% CI 0.61 to 0.93)(47). International guidelines recommend an ICD for secondary 

7 prevention in all inherited cardiomyopathy patients who have suffered a cardiac arrest, provided there 

8 have been no serious neurological sequalae or other life-limiting illnesses (48,49).  Use of ICDs for 

9 primary prevention in selected patients is supported by several observational studies (40,50-52). 

10 However, in DCM, one high-quality randomised trial did not find survival benefit except in younger 

11 patients (53). Specialists must carefully discuss risks and benefits of ICD implantation, refer patients 

12 for counselling, and consider alternatives such as the subcutaneous ICD. The potential for harm should 

13 not be understated (54). A recent systematic review and meta-analysis of 4,916 young patients 

14 identified inappropriate shock therapy in 20% over a mean follow-up of 51 ± 38 months, with ICD-related 

15 complications (such as lead malfunction and infection) occurring in 22% (55). 

16

17 Lifestyle modifications

18 General lifestyle measures such as smoking cessation and maintaining a healthy body mass index 

19 should be encouraged. Disease-specific advice is often derived from consensus opinion. For 

20 symptomatic left ventricular outflow tract obstruction, ESC guidelines recommend avoidance of 

21 dehydration and very hot temperatures, in addition to eating smaller more frequent meals (35). For 

22 patients with heart failure, NICE recommend that patients should not routinely restrict their salt or fluid 

23 intake, but avoid salt substitutes that contain potassium (56). Participation in regular exercise is 

24 generally advisable, but involvement in competitive sport will depend on underlying risk (57). ACM 

25 patients should not participate in most competitive and/or endurance sport (58). ESC guidelines favour 

26 an individualised approach directed by specialists for competitive sport participation in HCM and DCM 

27 patients (59). The AHA/ACC and ESC restrict competitive sport in unaffected ACM gene carriers 

28 (58,59); whereas unaffected HCM gene carriers may participate.

29

30 Treatment
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1 Treatment strategies are broadly similar for inherited and non-inherited cardiomyopathy. Gene-specific 

2 treatment has yet to enter clinical practice but is likely to play a future role. In HCM with symptomatic 

3 left ventricular outflow tract obstruction, several small retrospective studies support beta-blockers as 

4 first line therapy and ESC guidelines recommend titration to maximum dose (35,60-62). The ESC also 

5 recommend disopyramide or invasive and surgical options if symptom-control remains problematic (35). 

6 Arrhythmias, such as atrial fibrillation and heart failure, are managed as per standard guidelines 

7 (35,40,48,49,56). Antiarrhythmic medication is prescribed under cardiological advice in DCM patients 

8 (41). An international Task Force consensus statement supported by limited observational cohort 

9 studies recommend beta-blockers for most ACM patients (40). Those with complex or refractory 

10 arrhythmia may benefit from class III antiarrhythmic drugs such as sotalol or amiodarone, or even 

11 ablation (40).  

12  

13

14

Page 11 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

121

A patient’s perspective

I was diagnosed with ACM in April 2006, after my brother died playing football in January of that year.  

His ACM was diagnosed on post-mortem and the rest of the family were referred for screening.  When 

I was diagnosed I don’t think the enormity of the situation or the possible impact it was going to have 

on my life really occurred to me – nothing could equal his loss, so in some ways I saw myself as being 

lucky.  

Within two months I had my first ICD implanted.  As this happened so quickly there wasn’t much time 

to think about it, but although I have since spoken to several people who have spent a long time 

thinking about whether to have an ICD, for me there wasn’t any doubt that it was the right thing to do.  

We were offered genetic testing in 2006, and the results came back with me having two genes, one 

from mum and one from dad – neither knowing before then that they carried them or had any 

symptoms.  They then tested my brother’s tissue and he had also had both, whereas my other brother 

only has one.  

When it came to the decision to have children, the genetics didn’t play a large factor but our 

understanding that any children should only inherit one gene was reassuring, as in our family it 

appears that both are needed for the condition to develop.  

I am lucky in that ACM has not had any major impact on my life – I can still continue my level of sport, 

including horse riding and swimming at recreational level, and my heart has been pretty stable since 

diagnosis.  Most days I even manage to forget I have a potentially life-threatening condition!

Information resources for patients

www.cardiomyopathy.org  Support and information for patients diagnosed with cardiomyopathy.

www.myheart.org.uk  Support for young people diagnosed with heart conditions.

www.c-r-y.org.uk  Information, resources, and support for young people and family members 

affected by inherited heart conditions.

https://www.nhs.uk/conditions/cardiomyopathy NHS overview of the cardiomyopathies.

ttps://www.bhf.org.uk/heart-health/conditions/cardiomyopathy  Digital patient resource from the 

British Heart Foundation.

Education into practice

Do you know what local support services are available for patients living with an inherited 

cardiomyopathy or for those that have experienced a young sudden death in the family?  

Do you ask about family members when reviewing a patient with inherited cardiomyopathy?

How many of your inherited cardiomyopathy patients have been assessed in a specialist clinic?
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on relevant and evidence-based recommendations pertaining to current investigation and 

management. The following search terms were used in isolation and in combination: “hypertrophic 

cardiomyopathy”, “inherited cardiomyopathies”, “arrhythmogenic cardiomyopathy”, “dilated 

cardiomyopathy”, “genetic testing”, “next generation sequencing”, “familial evaluation”, “sudden 

cardiac death”, and “risk stratification”. 

Page 13 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

14

1 References 
2
3  
4 (1) Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE. Prevalence of hypertrophic 
5 cardiomyopathy in a general population of young adults. Echocardiographic analysis of 4111 subjects 
6 in the CARDIA Study. Coronary Artery Risk Development in (Young) Adults. Circulation 1995 Aug 
7 15;92(4):785-789. 
8 (2) Hada Y, Sakamoto T, Amano K, Yamaguchi T, Takenaka K, Takahashi H, et al. Prevalence of 
9 hypertrophic cardiomyopathy in a population of adult Japanese workers as detected by 

10 echocardiographic screening. Am J Cardiol 1987 Jan 1;59(1):183-184. 
11 (3) Maron BJ, Spirito P, Roman MJ, Paranicas M, Okin PM, Best LG, et al. Prevalence of hypertrophic 
12 cardiomyopathy in a population-based sample of American Indians aged 51 to 77 years (the Strong 
13 Heart Study). Am J Cardiol 2004 Jun 15;93(12):1510-1514. 
14 (4) Codd MB, Sugrue DD, Gersh BJ, Melton LJ,3rd. Epidemiology of idiopathic dilated and hypertrophic 
15 cardiomyopathy. A population-based study in Olmsted County, Minnesota, 1975-1984. Circulation 1989 
16 Sep;80(3):564-572. 
17 (5) Hershberger RE, Hedges DJ, Morales A. Dilated cardiomyopathy: the complexity of a diverse 
18 genetic architecture. Nat Rev Cardiol 2013 Sep;10(9):531-547. 
19 (6) Pilichou K, Thiene G, Bauce B, Rigato I, Lazzarini E, Migliore F, et al. Arrhythmogenic 
20 cardiomyopathy. Orphanet J Rare Dis 2016 Apr 2;11:33-016-0407-1. 
21 (7) Corrado D, Basso C, Judge DP. Arrhythmogenic Cardiomyopathy. Circ Res 2017 Sep 
22 15;121(7):784-802. 
23 (8) Cecchi F, Olivotto I, Montereggi A, Santoro G, Dolara A, Maron BJ. Hypertrophic cardiomyopathy in 
24 Tuscany: clinical course and outcome in an unselected regional population. J Am Coll Cardiol 1995 Nov 
25 15;26(6):1529-1536. 
26 (9) Maron BJ, Casey SA, Poliac LC, Gohman TE, Almquist AK, Aeppli DM. Clinical course of 
27 hypertrophic cardiomyopathy in a regional united states cohort. JAMA pages = {650-655}, 1999;281(7). 
28 (10) Moak JP, Kaski JP. Hypertrophic cardiomyopathy in children. Heart 2012 07/15;98(14):1044. 
29 (11) Elkilany GE, Al-Qbandi MA, Sayed KA, Kabbash I. Dilated cardiomyopathy in children and adults: 
30 what is new? ScientificWorldJournal 2008 Aug 6;8:762-775. 
31 (12) Baig MK, Goldman JH, Caforio AL, Coonar AS, Keeling PJ, McKenna WJ. Familial dilated 
32 cardiomyopathy: cardiac abnormalities are common in asymptomatic relatives and may represent early 
33 disease. J Am Coll Cardiol 1998 Jan;31(1):195-201. 
34 (13) Nava A, Bauce B, Basso C, Muriago M, Rampazzo A, Villanova C, et al. Clinical profile and long-
35 term follow-up of 37 families with arrhythmogenic right ventricular cardiomyopathy. J Am Coll Cardiol 
36 2000 Dec;36(7):2226-2233. 
37 (14) Maron BJ, Doerer JJ, Haas TS, Tierney DM, Mueller FO. Sudden deaths in young competitive 
38 athletes: analysis of 1866 deaths in the United States, 1980-2006. Circulation 2009 Mar 3;119(8):1085-
39 1092. 
40 (15) Charron P, Elliott PM, Gimeno JR, Caforio ALP, Kaski JP, Tavazzi L, et al. The Cardiomyopathy 
41 Registry of the EURObservational Research Programme of the European Society of Cardiology: 
42 baseline data and contemporary management of adult patients with cardiomyopathies. Eur Heart J 
43 2018 May 21;39(20):1784-1793. 
44 (16) Association for Inherited Cardiac Conditions. General referral pathway. Available at: 
45 http://theaicc.org/wp-content/uploads/2015/03/General-Referral-pathway.3.pdf. Accessed December, 
46 2018. 
47 (17) UK National Screening Committee. The UK NSC recommendation on screening to prevent Sudden 
48 Cardiac Death in 12 to 39 year olds. 2015; 
49 Available at: https://legacyscreening.phe.org.uk/suddencardiacdeath. Accessed December, 2018. 
50 (18) Corrado D, Pelliccia A, Bjørnstad HH, Vanhees L, Biffi A, Borjesson M, et al. Cardiovascular pre-
51 participation screening of young competitive athletes for prevention of sudden death: proposal for a 
52 common European protocol. Consensus Statement of the Study Group of Sport Cardiology of the 

Page 14 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

15

1 Working Group of Cardiac Rehabilitation and Exercise Physiology and the Working Group of 
2 Myocardial and Pericardial Diseases of the European Society of Cardiology. Eur Heart J 2005 
3 03/01;26(5):516-524. 
4 (19) Corrado D, Basso C, Pavei A, Michieli P, Schiavon M, Thiene G. Trends in sudden cardiovascular 
5 death in young competitive athletes after implementation of a preparticipation screening program. JAMA 
6 2006 Oct 4;296(13):1593-1601. 
7 (20) Dhutia H, Malhotra A, Gabus V, Merghani A, Finocchiaro G, Millar L, et al. Cost Implications of 
8 Using Different ECG Criteria for Screening Young Athletes in the United Kingdom. J Am Coll Cardiol 
9 2016 08/16;68(7):702-711. 

10 (21) de Noronha SV, Behr ER, Papadakis M, Ohta-Ogo K, Banya W, Wells J, et al. The importance of 
11 specialist cardiac histopathological examination in the investigation of young sudden cardiac deaths. 
12 Europace 2014 Jun;16(6):899-907. 
13 (22) Basso C, Aguilera B, Banner J, Cohle S, d'Amati G, de Gouveia RH, et al. Guidelines for autopsy 
14 investigation of sudden cardiac death: 2017 update from the Association for European Cardiovascular 
15 Pathology. Virchows Archiv 2017 08/13;471(6):691-705. 
16 (23) Bagnall RD, Weintraub RG, Ingles J, Duflou J, Yeates L, Lam L, et al. A Prospective Study of 
17 Sudden Cardiac Death among Children and Young Adults. N Engl J Med 2016 Jun 23;374(25):2441-
18 2452. 
19 (24) Bejar D, Colombo PC, Latif F, Yuzefpolskaya M. Infiltrative Cardiomyopathies. Clinical Medicine 
20 Insights.Cardiology 2015 03/18;9:29-38. 
21 (25) Lehrke S, Lossnitzer DF, Schob MF, Steen HF, Merten CF, Kemmling HF, et al. Use of 
22 cardiovascular magnetic resonance for risk stratification in chronic heart failure: prognostic value of late 
23 gadolinium enhancement in patients with non-ischaemic dilated cardiomyopathy. Heart (British Cardiac 
24 Society) JID - 9602087 0629(1468-201). 
25 (26) Green JJ, Berger JS, Kramer CM, Salerno M. Prognostic Value of Late Gadolinium Enhancement 
26 in Clinical Outcomes for Hypertrophic Cardiomyopathy. JACC: Cardiovascular Imaging 2012 
27 04/01;5(4):370-377. 
28 (27) Galea N, Carbone I, Cannata D, Cannavale G, Conti B, Galea R, et al. Right ventricular 
29 cardiovascular magnetic resonance imaging: normal anatomy and spectrum of pathological findings. 
30 Insights into Imaging 2013 01/10;4(2):213-223. 
31 (28) Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H, et al. HRS/EHRA expert 
32 consensus statement on the state of genetic testing for the channelopathies and cardiomyopathies: this 
33 document was developed as a partnership between the Heart Rhythm Society (HRS) and the European 
34 Heart Rhythm Association (EHRA). Europace 2011 Aug;13(8):1077-1109. 
35 (29) Christiaans I, van Langen IM, Birnie E, Bonsel GJ, Wilde AA, Smets EM. Quality of life and 
36 psychological distress in hypertrophic cardiomyopathy mutation carriers: a cross-sectional cohort study. 
37 Am J Med Genet A 2009 Feb 15;149A(4):602-612. 
38 (30) Aatre RD, Day SM. Psychological issues in genetic testing for inherited cardiovascular diseases. 
39 Circ Cardiovasc Genet 2011 Feb;4(1):81-90. 
40 (31) HM Government and the Association of British Insurers. Code on Genetic Testing and Insurance. 
41 2018; Available at:  
42 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/751
43 230/code-on-genetic-testing-and-insurance.pdf. Accessed December, 2018. 
44 (32) te Riele ASJM, James CA, Groeneweg JA, Sawant AC, Kammers K, Murray B, et al. Approach to 
45 family screening in arrhythmogenic right ventricular dysplasia/cardiomyopathy. Eur Heart J 2016 
46 03/01;37(9):755-763. 
47 (33) Michels M, Hoedemaekers YM, Kofflard MJ, Frohn-Mulder I, Dooijes D, Majoor-Krakauer D, et al. 
48 Familial screening and genetic counselling in hypertrophic cardiomyopathy: the Rotterdam experience. 
49 Netherlands Heart Journal 2007 05;15(5):184-190. 
50 (34) Sweet M, Taylor MRG, Mestroni L. Diagnosis, prevalence, and screening of familial dilated 
51 cardiomyopathy. Expert opinion on orphan drugs 2015 06/22;3(8):869-876. 
52 (35) Authors/Task Force members, Elliott PM, Anastasakis A, Borger MA, Borggrefe M, Cecchi F, et al. 
53 2014 ESC Guidelines on diagnosis and management of hypertrophic cardiomyopathy: the Task Force 

Page 15 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

16

1 for the Diagnosis and Management of Hypertrophic Cardiomyopathy of the European Society of 
2 Cardiology (ESC). Eur Heart J 2014 Oct 14;35(39):2733-2779. 
3 (36) O'Mahony C, Jichi F, Pavlou M, Monserrat L, Anastasakis A, Rapezzi C, et al. A novel clinical risk 
4 prediction model for sudden cardiac death in hypertrophic cardiomyopathy (HCM Risk-SCD). Eur Heart 
5 J 2014 08/07;35(30):2010-2020. 
6 (37) Vriesendorp PA, Schinkel AF, Max L, Theuns DA, van CJ, ten Cate FJ, et al. Validation of the 2014 
7 European Society of Cardiology Guidelines Risk Prediction Model for the Primary Prevention of Sudden 
8 Cardiac Death in Hypertrophic Cardiomyopathy. Circulation: Arrhythmia and Electrophysiology 2015 
9 08/01; 2019/01;8(4):829-835. 

10 (38) Link MS, Laidlaw D, Polonsky B, Zareba W, McNitt S, Gear K, et al. Ventricular arrhythmias in the 
11 North American multidisciplinary study of ARVC: predictors, characteristics, and treatment. J Am Coll 
12 Cardiol 2014 07/15;64(2):119-125. 
13 (39) Corrado D, Leoni L, Link MS, Della Bella P, Gaita F, Curnis A, et al. Implantable cardioverter-
14 defibrillator therapy for prevention of sudden death in patients with arrhythmogenic right ventricular 
15 cardiomyopathy/dysplasia. Circulation 2003 Dec 23;108(25):3084-3091. 
16 (40) Corrado D, Wichter T, Link MS, Hauer RNW, Marchlinski FE, Anastasakis A, et al. Treatment of 
17 Arrhythmogenic Right Ventricular Cardiomyopathy/Dysplasia: An International Task Force Consensus 
18 Statement. Circulation 2015 08/03;132(5):441-453. 
19 (41) Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC Guidelines 
20 for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and 
21 treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed 
22 with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail 2016 
23 Aug;18(8):891-975. 
24 (42) Liu Q, Li D, Berger AE, Johns RA, Gao L. Survival and prognostic factors in hypertrophic 
25 cardiomyopathy: a meta-analysis. Scientific Reports 2017 09/20;7(1):11957. 
26 (43) FAU GJ, Bhonsale A FAU - James, Cynthia,A., FAU JC, te Riele AF, Dooijes DF, Tichnell CF, et 
27 al. Clinical Presentation, Long-Term Follow-Up, and Outcomes of 1001 Arrhythmogenic Right 
28 Ventricular Dysplasia/Cardiomyopathy Patients and Family Members. Circulation.Cardiovascular 
29 genetics JID - 101489144 . 
30 (44) Michels VV, Driscoll DJ, Miller FA, Olson TM, Atkinson EJ, Olswold CL, et al. Progression of familial 
31 and non-familial dilated cardiomyopathy: long term follow up. Heart 2003 07;89(7):757-761. 
32 (45) Castelli G, Fornaro A, Ciaccheri M, Dolara A, Troiani V, Tomberli B, et al. Improving survival rates 
33 of patients with idiopathic dilated cardiomyopathy in Tuscany over 3 decades: impact of evidence-based 
34 management. Circ Heart Fail 2013 Sep 1;6(5):913-921. 
35 (46) Kubo T, Matsumura Y, Kitaoka H, Okawa M, Hirota T, Hamada T, et al. Improvement in prognosis 
36 of dilated cardiomyopathy in the elderly over the past 20 years. J Cardiol 2008 Oct;52(2):111-117. 
37 (47) Colquitt JL, Mendes D, Clegg AJ, Harris P, Cooper K, Picot J, et al. Implantable cardioverter 
38 defibrillators for the treatment of arrhythmias and cardiac resynchronisation therapy for the treatment 
39 of heart failure: systematic review and economic evaluation. Health Technol Assess 2014 Aug;18(56):1-
40 560. 
41 (48) Priori SG, Blomstrom-Lundqvist C. 2015 European Society of Cardiology Guidelines for the 
42 management of patients with ventricular arrhythmias and the prevention of sudden cardiac death 
43 summarized by co-chairs. Eur Heart J 2015 Nov 1;36(41):2757-2759. 
44 (49) Al-Khatib S, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017 
45 AHA/ACC/HRS guideline for management of patients with ventricular arrhythmias and the prevention 
46 of sudden cardiac death: Executive summary: A Report of the American College of 
47 Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart 
48 Rhythm Society. Heart Rhythm 2018 10/01; 2018/12;15(10):e190-e252. 
49 (50) Orgeron GM, James CA, Te Riele A, Tichnell C, Murray B, Bhonsale A, et al. Implantable 
50 Cardioverter-Defibrillator Therapy in Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy: 
51 Predictors of Appropriate Therapy, Outcomes, and Complications. J Am Heart Assoc 2017 Jun 
52 6;6(6):10.1161/JAHA.117.006242. 

Page 16 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

17

1 (51) Maron BJ, Spirito P, Shen WK, Haas TS, Formisano F, Link MS, et al. Implantable cardioverter-
2 defibrillators and prevention of sudden cardiac death in hypertrophic cardiomyopathy. JAMA 2007 Jul 
3 25;298(4):405-412. 
4 (52) Vriesendorp PA, Schinkel AF, Van Cleemput J, Willems R, Jordaens LJ, Theuns DA, et al. 
5 Implantable cardioverter-defibrillators in hypertrophic cardiomyopathy: patient outcomes, rate of 
6 appropriate and inappropriate interventions, and complications. Am Heart J 2013 Sep;166(3):496-502. 
7 (53) KÃ¸ber L, Thune JJ, Nielsen JC, Haarbo J, VidebÃ¦k L, Korup E, et al. Defibrillator Implantation in 
8 Patients with Nonischemic Systolic Heart Failure. N Engl J Med 2016 09/29; 2018/01;375(13):1221-
9 1230. 

10 (54) Hofer DA, Steffel J, Hurlimann D, Haegeli L, Luscher TF, Duru F, et al. Long-term incidence of 
11 inappropriate shocks in patients with implantable cardioverter defibrillators in clinical practice-an 
12 underestimated complication? Journal of interventional cardiac electrophysiology : an international 
13 journal of arrhythmias and pacing JID - 9708966 OTO - NOTNLM (1383-875). 
14 (55) Olde Nordkamp LR, Postema PG, Knops RE, van Dijk N, Limpens J, Wilde AA, et al. Implantable 
15 cardioverter-defibrillator harm in young patients with inherited arrhythmia syndromes: A systematic 
16 review and meta-analysis of inappropriate shocks and complications. Heart Rhythm 2016 
17 Feb;13(2):443-454. 
18 (56) Real J, Cowles E, Wierzbicki AS. Chronic heart failure in adults: summary of updated NICE 
19 guidance. BMJ 2018 09/24;362. 
20 (57) D'Silva A, Sharma S. Management of young competitive athletes with cardiovascular conditions. 
21 Heart 2017 Mar;103(6):463-473. 
22 (58) Maron BJ, Udelson JE, Bonow RO, Nishimura RA, Ackerman MJ, Estes NAM, et al. Eligibility and 
23 Disqualification Recommendations for Competitive Athletes With Cardiovascular Abnormalities: Task 
24 Force 3: Hypertrophic Cardiomyopathy, Arrhythmogenic Right Ventricular Cardiomyopathy and Other 
25 Cardiomyopathies, and Myocarditis. Circulation 2015 12/01;132(22):e273. 
26 (59) Pelliccia A, Solberg EE, Papadakis M, Adami PE, Biffi A, Caselli S, et al. Recommendations for 
27 participation in competitive and leisure time sport in athletes with cardiomyopathies, myocarditis, and 
28 pericarditis: position statement of the Sport Cardiology Section of the European Association of 
29 Preventive Cardiology (EAPC). Eur Heart J 2018 12/14:ehy730-ehy730. 
30 (60) Flamm MD, Harrison DC, Hancock EW. Muscular subaortic stenosis. Prevention of outflow 
31 obstruction with propranolol. Circulation 1968 Nov;38(5):846-858. 
32 (61) Stenson RE, Flamm MD,Jr, Harrison DC, Hancock EW. Hypertrophic subaortic stenosis. Clinical 
33 and hemodynamic effects of long-term propranolol therapy. Am J Cardiol 1973 Jun;31(6):763-773. 
34 (62) Adelman AG, Shah PM, Gramiak R, Wigle ED. Long-term propranolol therapy in muscular 
35 subaortic stenosis. Br Heart J 1970 Nov;32(6):804-811. 
36 (63) Davies MJ. The cardiomyopathies: an overview. Heart 2000 04/01;83(4):469. 
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Page 17 of 28

https://mc.manuscriptcentral.com/bmj

BMJ

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential: For Review Only

18

1 Figure legends
2
3
4
5

6 Figure 1: Overview of the main structural, genetic, and functional features of the inherited 

7 cardiomyopathies. *Prevalence of each cardiomyopathy in the general population. Modified from (63).

8 Figure 2: Specialised approach to diagnostic evaluation in the inherited cardiomyopathies.  

9 Figure 3: 12-lead ECG of a patient with apical HCM. There is voltage criteria for left ventricular 

10 hypertrophy with deep T wave inversion in the anterior, inferior, and lateral leads (associated with ST 

11 segment depression). 

12 Figure 4: Precordial ECG leads of a patient with ACM demonstrating pathological T wave inversion 

13 (arrowed) in V1-V4. 

14 Figure 5: Echocardiographic findings of asymmetrical left ventricular septal hypertrophy (arrowed) in 

15 HCM.
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8 Figure 1: Overview of the main structural, genetic, and functional features of the inherited 

9 cardiomyopathies. *Prevalence of each cardiomyopathy in the general population. Modified from (63).
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7 Figure 2: Specialised approach to diagnostic evaluation in the inherited cardiomyopathies.  
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9 Figure 3: 12-lead ECG of a patient with apical HCM. There is voltage criteria for left ventricular 

10 hypertrophy with deep T wave inversion in the anterior, inferior, and lateral leads (associated with ST 

11 segment depression). 
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11 Figure 4: Precordial ECG leads of a patient with ACM demonstrating pathological T wave inversion 

12 (arrowed) in V1-V4. 
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5

6
7 Figure 5: Echocardiographic findings of asymmetrical left ventricular septal hypertrophy (arrowed) in 

8 HCM. 
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Overview of the main structural, genetic, and functional features of the inherited cardiomyopathies. 
*Prevalence of each cardiomyopathy in the general population. Modified from (63). 
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12-lead ECG of a patient with apical HCM. There is voltage criteria for left ventricular hypertrophy with deep 
T wave inversion in the anterior, inferior, and lateral leads (associated with ST segment depression). 
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Precordial ECG leads of a patient with ACM demonstrating pathological T wave inversion (arrowed) in V1-V4. 
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Echocardiographic findings of asymmetrical left ventricular septal hypertrophy (arrowed) in HCM. 
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