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Cardiomyopathy: Classification

ESC Working group on Myocardial and Pericardial Diseases (Elliott T et al EHJ 2007)

“ A myocardial disorder in which 
the heart muscle is structurally 
and functionally abnormal, in 
the absence of coronary artery 
disease, hypertension, valvular 
disease and congenital heart 
disease sufficient to cause the 
observed myocardial 
abnormality.”



Hypertrophic cardiomyopathy 



Idiopathic hypertrophic subaortic stenosis

• Described for the first time in 1960

• Occurs in 1:500 in the general population

The father of HCM



1. Hypertrophic cardiomyopathy: Diagnosis 

ESC Working group on Myocardial and Pericardial Diseases (Elliott T et al EHJ 2007)

Definition: Left ventricular hypertrophy  
(Ivsd > 15 mm) unexplained by 
abnormal loading conditions



1. Hypertrophic cardiomyopathy: Diagnosis 



1. Hypertrophic cardiomyopathy: Diagnosis 

• Presence of left ventricular hypertrophy ( ≥13 mm septal thickness)

– In the absence of abnormal loading conditions or secondary causes such as

• Arterial hypertension

• Aortic stenosis

• Physiological hypertrophy of athletes

• A cut-off of 15 mm has been recommended by the ESC working group to prevent overdiagnosis

• Co-existence

– Hypertension/AS in patients with HCM can develop. 

– HCM can develop in patients with secondary causes. In this case, look at:

• distribution of hypertrophy (asymmetric)

• LVOT obstruction

• Genetics



2. HCM molecular genetic basis



2. HCM molecular genetic basis

8 sarcomeric genes



2. HCM molecular genetic basis

Other non-sarcomeric genes



2. HCM molecular genetic basis

Phenocopy genes
Pre-excitation

Microvoltage on ECG

myotonia



2. HCM molecular genetic basis: overview



2. HCM molecular genetic basis: Phenocopy conditions 



Differential diagnosis: PRKAG2: LVH and WPW 



Differential diagnosis: Fabry disease (GLA)



3. Pathophysiology

- Hypercontractility
- Decreased relaxation
- LVOT obstruction
- Interstitial fibrosis & 

myocyte disarray



3. Phenotypic characteristics: Imaging

• Echocardiography



3. Phenotypic characteristics: Imaging



• Cardiac MRI

– Structure in great detail

– Tissue of the heart

• infiltration

• scarring

3. Phenotypic characteristics: Imaging



• Bone scintigraphy

– ATTR- cardiac amyloidosis

3. Phenotypic characteristics: Imaging



3. Phenotypic characteristics: LVOT obstruction



3. Phenotypic characteristics: LVOT obstruction



3. Phenotypic characteristics: Pathology



4. Clinical manifestations

O2 
mismatch

LVOT 
obstruction Diastolic 

dysfunction

Cardiac 
arrythmias



4. Clinical manifestations: LVOT obstruction

• Exertional or post-exertional syncope

• Exertional dyspnea and heart failure

– LVOT obstruction at rest 1/3

– LVOT obstruction during exercise 1/3

– No LVOT obstruction 1/3

• Mechanisms

– dependent on preload

– dependent on force of contraction

– SAM 

• Physical exam

– Midsystolic grade 3-4/6 systolic 
murmur, increasing during valsalva



4. Clinical manifestations: Chest pain

• Mechanisms

– imbalance between myocardial oxygen supply and 
demand

– myocardial hypoperfusion due to reduced blood 
flow through the thickened LV <-> increased 
oxygen demand of the LV

• Chest pain

– typical or atypical

– at rest or during exercise



4. Clinical manifestations: Ventricular arrhythmias

• Palpitations, presyncope and syncope

– (Non)-sustained ventricular 
tachycardia 

• 20-30% of patients

• major risk factor for SCD

– supraventricular PVC

– ventricular PVC

• !! dd severe LVOT obstruction may also 
cause syncope

• Mechanisms

• interstitial fibrosis

• myocardial ischemia

• myocyte disarray



4. Clinical manifestations: Supraventricular arrhythmias

• Atrial fibrillation (Palpitations, dyspnea)

– 25% of patients

– often poorly tolerated since loss of atrial 
contraction to ventricular filling results in 
further elevation of LV diastolic pressure

– Major risk factor for thrombo -embolic 
events

– LA size and LVOT obstruction are major 
risk factors for AF

• Mechanisms

• atrial enlargement and stretch due 
to diastolic dysfcuntion

• atrial fibrosis



4. Clinical manifestations: Diastolic dysfunction

• exertional dyspnea

• exercise intolerance

• orthopnea

• peripheral edema 

• HFpEF

• Mechanisms

• LVH

• increased LV end-diastolic pressure

• increased LA pressure

• increased pulmonary capillary 
pressure



4. Clinical manifestations: the ECG

• Voltage changes of left ventricular 
hypertrophy

• ST-T wave changes

• deep Q waves 

• LA enlargement

• (Pre-excitation)



5. Prognosis

• HCM 

– 2/3 of of patients have normal 
life span without significant 
morbidity

– especially patients without LVOT 
obstruction have excellent 
prognosis

– Excess mortality



6. Genetic testing

• Proband: Using WES/ panel analysis 

– causal variants in ≈30% to 50% of probands with HCM 

– Caveat! / 

• ca 50% without genetic diagnosis

• Interpretation of these variants is challenging, particulary in a single affected individuals



6. Genetic testing

• Genetic testing contributes to

– establishing the diagnosis in case of doubt (dd athletes’ heart, hypertensive heart disease)

– SCD risk estimation

– exclude phenocopy conditions- requiring a different managment (eg. enzyme replacement 
therapy in Fabry disease)

– cascade testing in first degree relatives



6. Genetic testing



7. Management of asymptomatic patients

• Regular follow-up (eg. yearly)

• No pharmocological therapy so far

• Counseling on the genetic nature of the disease

• Avoid participation in competitive sports or intensive exercise  (!! a moderate-intensity 
recreational exercise program is not only safe, but should be encouraged for most patients with 
HCM)

2020 ACC/AHA Guideline for the Diagnosis and Treatment of Patients With Hypertrophic Cardiomyopathy

https://www.jacc.org/doi/10.1016/j.jacc.2020.08.045


7. Management: symptomatic patients



7. Management: experimental therapies MAVACAMTEM



7. Management: experimental therapies MAVACAMTEM

Mavacamtem MYK-461 
- orally administered 
- small molecule 
- allosterically inhibits 

myosin ATPase activity



7. Management: patients at risk of SCD

• Risk of SCD ranges from 0.5%-2%/year in 
adults with HCM

• Particular risk in competitive athletes

• VT/VF treated with internal cardioverter 
defibrillator (ICD)



7. Management: patients with LVOT obstruction and heart failure

• LVOT obstruction 

– Betablocker/Disopyramide

– If persistent symptomatic and IV gradient (≥50 mm Hg at rest or with provocation) 

• Septal myectomy/Morrow myectomy

• alcohol septal ablation



7. Management: patients with LVOT obstruction and heart failure

• Advanced heart failure

– cardiac transplantation



Dilated cardiomyopathy 



Definition and etiology

ESC position statement, Eur Heart J, 2016:37(23);1850–1858

Left ventricular or biventricular systolic dysfunction and dilatation, that is not 
explained by abnormal loading conditions or coronary artery disease



Genetic basis of DCM

• 20-30% of DCM is familial (positive familial history)

• Identifiable monogenic cause in 25-40% 

• inheritance is usually autosomal dominant

• genetically heterogeneous 

• variable & age-related penetrance



Monogenic dilated cardiomyopathy: key genes

Jordan et al, Circulation 2021



TTN variants

“ TTN truncating mutations are a common 
cause of dilated cardiomyopathy, occurring in 

approximately 25% of familial cases of 
idiopathic dilated cardiomyopathy and in 18% 

of sporadic cases “

Herman DS et al, NEJM 2012



Prognostication by genotype

Kayvanpour et al, 2017



Prognostication by genotype

Corden et al , JAMA Netw Open



Genotype targeted therapies

Targeted therapies for LMNA DCM



Current challenges in DCM

60-70% familial DCM is 
genetically unexplained



Current challenges in DCM

Rapid gene discovery….



Current challenges in DCM

Rapid gene discovery…. but with little benefit



Current challenges in DCM

Many variants difficult to interpret



Current challenges in DCM

Most genes in DCM are spurious

Jordan et al, Circulation 2021



How to explain these gene-elusive DCM?

Marian AJJ, JACC 2020

Very rare 
variants 
with large 
effect sizes

Multiple 
common 
variants 
with small 
effect size

Not monogenic disease?



Genetic modifiers and polygenic risk

Adapted from Bezzina Circ Res 2015



Environmental modifiers

Truncating variants in TTN in 10% 
of the patients compared to 1.4% of 
the reference population Truncating variants in TTN in 7.5 % of the patients

Truncating variants in TTN in 9.9 
% of the patients

20162016 2018 2019



Genetic etology of alcohol induced CMP

Ware JS et al, JACC 2018

a self-reported history of alcohol 

intake of >80 g/day over a period 

of at least 5 years



Genetic etology of peripartum CMP

• 172 women with PPCM

– Truncating variants in TTN in 10% of the patients compared to 1.4% of the reference 
population (P=2.7×10−10);

– Yield of genetic testing in PPCM is similar compared to a cohort of patients with DCM7.

– This suggest that at least  a subset of PPCM has a genetic etiology 

Ware J et al. Shared Genetic Predisposition in Peripartum and Dilated Cardiomyopathies. NEJM 2016Ware J et al. Shared Genetic Predisposition in Peripartum and Dilated Cardiomyopathies. NEJM 2016



Genetic etology of anthracylin-induced CMP

Ware J et al. Shared Genetic Predisposition in Peripartum and Dilated Cardiomyopathies. NEJM 2016Garcia Pavia P et al Circulation 2019

Truncating variants in TTN in 
7.5 % of the patients



Genetic architecture of DCM is complex



Ackerman MJ et al, Heart Rhythm. 2011;8(8):1308-1339. 2. Bozkurt et al Circulation 2016 3. Hershberger RE et al. Genet Med. 2018;20(9):899-909.

genetic testing is 

advised in all DCM 

patients with important 

conduction 

disturbances and/or a 

positive famiily history 

of SCD

genetic testing is 

advised in all DCM 

patients irrespective 

of the presence of 

conduction 

disturbances or SCD

ESC
ACM

G
20182011

Genetic testing in DCM: who to refer?

genetic testing can be 

useful in familial or 

idiopathich DCM 

patients in conjunction 

with genetic 

counseling

AHA2016



Genetic testing in DCM: who to refer?

• Diagnostic yield is considerablen even in isolated cases!

– 15-25% pathogenic variants in isolated cases 

– 25-40% in patients with positive family history

• Genetic testing should be considered in ‘acquired DCM’

– alcoholic CMP

– peripartum CMP

– Anthracyclin- induced CMP



Take home messages

• Benefit for the patient: genetic testing contributes to

– establishing the diagnosis in case of doubt 

– Precision medicine 

• SCD risk estimation

• Stratified therapy

– exclude phenocopy conditions- requiring a different managment (eg. enzyme 

replacement therapy in Fabry disease)

• Benefit for the family

– Genetic counselling

– Cascade screening and (early) diagnosis

– Reproductive counselling and prenatal diagnosis

Clinical utility of genomics in HCM/DCM



Neuromuscular cardiomyopathy
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Cardiac involvement 
in neuromuscular disorders



Overview

skeletal muscle

cardiomyocyte



A.  Myotonic dystrophy 

B.   Dystrophinopathies: Becker and Duchenne muscular dystrophy 

C.   Emery-Dreifuss muscular dystrophy

D.   Limg girdle muscular dystrophy (miscellaneous)

E.   Myofibrillar myopathy

F.    Facioscapulohumeral muscular dystrophy

G.   Friedreich ataxia

NMDs that are associated with cardiac disease
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• Prevalence: most common muscular dystrophy,  DM1 affects1 in 8000 persons

• Genetics: AD

• DM1 (Steinert disease)

• CTG-repeat expansion >48 repeats in a non-coding sequence of the dystrophia myotonica protein 

kinase gene (DMPK gene) on chromosome 19q 13.3. 

• The length of the CTG repeat expansion is moderately correlated with disease severity and age of onset: 

Mild 50-150 repeats, classic 50-1000 repeats, congenital > 1000 repeats

• DM2 (Proximal myotonic myopathy, PROMM)

• CCTG repeat expansioin in ZNF9 gene

• No correlation between repeat length and disease severity

3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)



Neurological and extra-muscular presentation 

• DM2 milder phenotype compared to DM1

• Muscular characteristics: progressive myopathy characterized 

by both distal and facial weakness and muscle atrophy, 

myotonia

• Extra-muscular characteristics: frontal balding, cataract, low 

intelligence, infertility en hypogonadism, insulin resistance, 

irritable bowel disease, OSAS

3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)



Cardiac phenotypes in DM1

1. Electrical disturbances +++

• 1st degree AV block is seen in up to 40% cases. BBB, long QT, ST-T modifications 

and axis deviations are other possible findings 

• Supraventricular tachycardia is very common with up to 25% patients presenting 

atrial fibrillation or and/or atrial flutter

• Ventricular tachycardia is frequent. 50% of patients who have a pacemaker (PM) for 

AV block, develop VT and are at risk of SCD 

2. Cardiomyopathy +

• DCM, HCM or non-compaction CM

3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)



3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)

Male, 53 y



Pathophysiology of cardiac phenotypes in Steinert disease

• Myocardial fibrosis

• Degeneration, fibrosis, and fatty infiltration of the cardiac conduction tissue 

• DM1 is the prototype of a RNA-mediated disease 

• The pathologically expanded DMPK mRNA transcript has a polyadenylated 

(CUG) tail that confers a toxic gain-of-function via sequestration of RNA-

binding proteins and interference with the alternative splicing of numerous 

other genes (return to fetal splicing)

• INSR, CLCN1, CACNA1S, RYR1,  SCN5A

3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)



3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)

Male, 36 y

After Ajmaline infusionECG at rest



SCD in Steinert disease

• Cardiovascular Events (LV dysfunction, ischemic heart disease, pulmonary emboli or SCD) 

represents 30% of mortality

• Sudden death due to cardiac arrhythmia is nearly as common a cause of death in DM1 

(29%), as are complications of neuromuscular respiratory failure (31%)  

• Steinert is the NMD with highest prevalence of SCD

• 1/4 patients has positive family history for SCD

• Risk factors: myocardial fibrosis, atrial tachyarrytmia, PR-interval >240 msec, aberrant QRS 

conduction and any degree of AV-block

• The annual risk of sudden cardiac death is estimated at 0.56% 

3. NMDs associated with cardiac disease

Myotonic dystrophy (DM)



3. NMDs associated with cardiac disease

Dystrophinopathies

• Incidence: 1 in 4000 male births

• Terminology

• Becker muscular dystrophy (BMD): later onset and 

milder clinical course

• Duchenne muscular dystrophy (DMD): more severe 

phenotype

• Genetics: X-linked 

• deletions of one or more exons (65-70%), duplications 

(5-10%) and point mutations in dystrophin (DMD) gene

• Muscle fiber degeneration is the primary pathologic 

process



A.  Myotonic dystrophy 

B.   Dystrophinopathies: Becker and Duchenne muscular dystrophy 

C.   Emery-Dreifuss muscular dystrophy

D.   Limg girdle muscular dystrophy (miscellaneous)

E.   Myofibrillar myopathy

F.    Facioscapulohumeral muscular dystrophy

G.   Friedreich ataxia

NMDs that are associated with cardiac disease



Neurological presentation 

• Muscle weakness proximal > distal, lower> upper 

extremities

• Gowers’ sign: using hand support to get into upright 

position

• Waddling gait, lumbar lordosis

• Pseudohypertrophy

3. NMDs associated with cardiac disease

Dystrophinopathies



3. NMDs associated with cardiac disease

Dystrophinopathies

Clinical features Pathological features

Duchenne

- Onset: 2-5 yrs

- Pseudohypertrophy

- Reduced IQ

- Cardiac involvement

- Death by age 20-30 yrs

- Absent dystrophin on 

immunohistochemistry

- WB: Dystrophin <5% of normal amount

Becker
- Onset: variable

- More benign course

- Reduced dystrophin on 

immunohistochemistry

- WB: Dystrophin > 20% of normal amount



Cardiac phenotype

1. Dilated cardiomyopathy ++

• Fibrosis of the posterobasal left ventricular wall 

• ECG: characteristic ECG with tall right precordial R waves, Q waves inferolateral 

• TTE:  severe mitral regurgitation due to involvement of the posterior papillary 

muscle

• DMD-associated dilated cardiomyopathy (DCM): heart is primarily affected and 

skeletal muscle is spared  

2. Electrical disturbances ++

• conduction delay, especially atrial and AV node

• arrhythmias

3. NMDs associated with cardiac disease

Dystrophinopathies



3. NMDs associated with cardiac disease

Dystrophinopathies

Male, 19 y, DMD

biventricular failure



3. NMDs associated with cardiac disease

Dystrophinopathies

Male, 44 y, BMD

CMR: LGE lateral LV +++

TTE= LVEF 33%
ECG: TWI inferolateral, Q waves lateral



SCD in Becker and Duchenne muscular dystrophy

• Risk factors: 

• increased LVEDD

• low EF

• fibrosis (LGE on CMR)

• Large QT dispersion

3. NMDs associated with cardiac disease

Dystrophinopathies

CMR: LGE lateral LV +++



3. NMDs associated with cardiac disease

Emery-Dreifuss muscular dystrophy (EDMD)

• Incidence: rare disorder, estimated prevalence 1 per 100 000

• Genetics: heterogeneous disorder

• Mutations in genes encoding nuclear membrane proteins

• Different forms of EDMD have identical neurological presentation 

gene inheritance

EDMD1 EMD (Emerin) X-linked

EDMD2 LMNA (Lamin A/C) AD

EDMD3 LMNA (Lamin A/C) AR

EDMD4 SYNE1 AD

EDMD5 SYNE2 AD

EDMD6 FHL1 X-linked

EDMD7 TMEM43 AD
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Neurological presentation 

• Onset: first or second decade of life

• Slowly progressive in the first three decades of 

life

• Contractures (elbows, achilles tendon) are 

often first manifestations of the disease

• Humeroperoneal muscular dystrophy: 

biceps>triceps>distal leg weakness

3. NMDs associated with cardiac disease

Emery-Dreifuss muscular dystrophy (EDMD)



Cardiac phenotype

1.Electrophysiological abnormalities +++

• Atrial standstill

• AF, Aflutter

• AV conduction block 

• Ventricular arrhytmias (particularly in EDMD2)

2. Dilated cardiomyopathy ++

• Typically with AV conduction abnormalities

• Sinusbradycardia or supraventricular tachycardia can be early sign of cardiac involvement

• EDMD2 (LMNA mutation): arrhythmogenic DCM with ventricular arrhythmias 

• Onset of cardiac phenotype usually in the third decade of life

• Often manifests before the onset of significant skeletal muscle weakness

3. NMDs associated with cardiac disease

Emery-Dreifuss muscular dystrophy (EDMD)



SCD in EDMD

• Occasionally described, rather rare

• Except for EDMD2 !!!

3. NMDs associated with cardiac disease

Emery-Dreifuss muscular dystrophy (EDMD)



3. NMDs associated with cardiac disease

Limb girdle muscular dystrophy (LGMD)

• Prevalence: 1 in 20 000, fourth most common genetic cause of muscle weakness

• Characterized by proximal muscle weakness 

• Genetics: AD or AR

• Overview of AD forms

protein additional clinical features

LGMD1A Myotilin dysarthria

LGMD1B Lamin A/C
- DCM in 60%

- associated with AV block

LGMD1C Caveolin-3 HCM

LGMD1D DNAJB6

LGMD1E Desmin

- arrhytmia, onset 20-25 yrs

- DCM (30-50 yrs)

- SCD

LGMD1F TNPO3
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3. NMDs associated with cardiac disease

Summary laminopathies

Laminopathies

• Mutations in LMNA that encodes lamin A/C, can 

lead to three different cardio- neurologic 

phenotypes 

•  Emery Dreifuss muscular dystrophy 

type 2 (EDMD2) 

•  Limb-girdle muscular dystrophy type 

1B (LGMD1B)

•  Dilated cardiomyopathy with 

conduction defects (CMD1A)

LMNA mutations
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3. NMDs associated with cardiac disease

Myofibrillar myopathy

• Proximal (limb girdle) or distal myopathy 

• Pathological features: degradation of myofibrils

• Genetics: AD

protein additional clinical features

MFM1=LGMD1E Desmin

60% cardiac involvement

syncope

MFM2 AB crystallin Arrhythmia, conduction block

MFM3 ZASP 27% DCM

MFM6 BAG3 HCM, RCM

Gowers’ Laing MYH7 HCM, DCM, LVNC
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3. NMDs associated with cardiac disease

Fascioscapulohumoral muscular dystrophy (FSHD)

• Incidence: third most common hereditary muscle disorder after myotonic dystrophy and 

Duchenne muscular dystrophy 

• Genetics: AD

• D4Z4 repeat contraction, leading to transcriptional upregulation of DUX4 gene that 

is normally silenced in somatic tissue



3. NMDs associated with cardiac disease

Fascioscapulohumoral muscular dystrophy (FSHD)

Neurological presentation

• Age of onset: between 10 and 30 yrs

• Slow progression, quasi normal life expectancy

• Initially face and scapulae, followed by foot dorsiflexors and hip girdle



Cardiac involvement can occur, but is infrequent

1. Electrophysiological abnormalities

•  P-wave abnormalities

•  IV conduction delay

•  supraventricular arrhythmia

3. NMDs associated with cardiac disease

Fascioscapulohumoral muscular dystrophy (FSHD)
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3. NMDs associated with cardiac disease

Friedreich ataxia

• Incidence: most common hereditary ataxia in caucasians, incidence 1 in 40 000 persons

• Genetics: AR

• pathogenic expansion of a GAA trinucleotide repeat sequence in frataxin (FXN) 

gene

• Mixed sensory and cerebellar ataxia 



3. NMDs associated with cardiac disease

Friedreich ataxia

Neurological presentation

• Age of onset: puberty 

• Progressive gait ataxia of all 4 limbs and dysarthria

• Patients become wheelchair-bound about 10 years after disease onset

From Bramwell: Atlas of Clinical Medicine



Cardiac involvement is frequent, account for 60% of the mortality in Friedreich ataxia

1. Concentric LVH  +++

• progressive impairment of systolic function, usually before 30 yrs

• patients die 20 years after disease onset, predominantly from cardiac complications

• LVH more frequent in males and related to number of repeat expansions

2. Sudden cardiac death= frequent cause of death ++

• due to arrhythmic complications related to HCM

3. NMDs associated with cardiac disease

Friedreich ataxia



3. NMDs associated with cardiac disease

Friedreich ataxia

Male, 25 yrs

TTE: concentric HCM
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