
Precision Medicine in cardiology:
our classification of cardiomyopathies



• The St.Cyres lecture, delivered in London on June 13, 1956. 



Cardiomyopathies: The beginning.

• “primary myocardial disorders not caused by clearly identifiable 
structural abnormalities, such as valve disease and coronary artery 
stenoses, or systemic disorders.”

• J. Goodwin

• “A disorder or heart muscle of unknown cause.”
• C. Oakley



Adapted from Davies M. Heart 2000;83:469-474

Classification of Cardiomyopathies



Davies M. Heart 2000;83:469-474

Classification of Cardiomyopathies: 1995



Classification of Cardiomyopathies: 1995

Primary
(Cardiomyopathy)

Secondary
(Specific 

Cardiomyopathies)



Specific Heart Muscle 
Disease

Ischaemic Valvular

Hypertensive Inflammatory

Metabolic Neuromuscular 
disorders

Sensitivity and 
toxic reactions

General system 
disease



Limitations







Davies M. Heart 2000;83:469-474

Classification of Cardiomyopathies: 1995



Maron B et al. Circulation 2006;113:1807-1816



Maron BJ et al. Circulation 2006;113:1807-16



European Heart Journal (2008) 29, 270–276 



“Molecular” classification

Sarcomere Cytoskeleton Desmosome etc.

HCM

DCM

RCM

DCM

RCM

ARVC

DCM



The clinical pathway
The patient is 
complaining of 

sarcomere 
protein disease. Symptoms/

Signs

Phenotype
(HCM/DCM…)

Diagnosis



Cardiomyopathies

HCM DCM ARVC Unclassified

Familial/Genetic Non-familial/Non-genetic 

Unidentified 
gene defect

Disease sub-type* Idiopathic Disease sub-type*

RCM

European WG on Myocardial and Pericardial Diseases (EHJ 2007)



Limitations: 2021

• Cardiomyopathies no longer “idiopathic”

• Overlapping phenotypes (“one gene many diseases, one disease many genes”)

• New phenotypes (LVNC, TTS)

• No consideration of advances in molecular biology



Arrhythmogenic Right Ventricular 
Cardiomyopathy



Circulation 1982; 2: 65



Br Heart J 1984 51: 15-24



Arrhythmogenic Right Ventricular Cardiomyopathy



Arrhythmogenic Right Ventricular Cardiomyopathy



ARVC: Electrocardiography



>114 ms

< 20 uV

>38 msec













+ ARVC
Pk2157del2 

frameshift and premature termination of translation
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Figure 1. Schematic model of a desmosome.
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Structural Electrical Arrhythmic

Corrado et al. NEJM 2017



Marcus et al. European Heart Journal (2010) vol. 31 (7) pp. 806-14





Arrhythmogenic Right Ventricular Cardiomyopathy



Norman M et al. Circulation. 2005;112:636-642







Arrhythmogenic Cardiomyopathy?



International Journal of Cardiology 319 (2020) 106–114 





If it doesn’t fit, then do not force it



TALES FROM THE CLINIC (1)



Clinical History

42y, male
• AF 2007  

• Incidental finding
• DCCV 2008
• Medication: Aspirin 75mg
• Holter: NSVT x 5 beats

• CMR: Mild impairment of LV function. Biatrial dilatation with LA 
diameter of 43mm.



Clinical History

• Family History
• Father: 

• AF 
• PPM – CHB
• CRT-P 2011 
• RIP aged 63

• Paternal grandfather: 
• AF and PPM 
• RIP aged 64 ?cause



ECG



24 hour Holter



Echocardiogram









CMR









The Phenotype

• Young
• Family History of AF, PM
• NSVT
• Mild LV impairment

•WHY?



Diagnosis

• Genetic Testing

• Lamin A/C : c.1489-1 G>A



NSVT, LVEF 45%, male
+ non-missense mutations (ins-del/truncating or 
mutations affecting splicing)

(J Am Coll Cardiol 2012;59:493–500)



TALES FROM THE CLINIC (2)



Background - 71y Male

Asymptomatic: tennis 3/week

Family history of DCM 
• Nephew  RIP 27 SCD – PM DCM, enlarged LV with uniform fine fibrosis 
• Brother RIP 71 – Chemo for hairy cell leukaemia
• Niece – DCM and ICD
Holter 4-5% VE, no NSVT
Echo 2011
• EF 45%

Medications
• Ramipril 2.5mg















J Am Coll Cardiol. 2016 Dec 6;68(22):2440-
2451



J Am Coll Cardiol. 2016 Dec 6;68(22):2440-2451



JAMA Cardiol. doi:10.1001/jamacardio.2021.1106 





J Am Coll Cardiol 2018;72:2471–81 



What do we learn from all this?



Cardiomyopathies

HCM DCM ARVC Unclassified

Familial/Genetic Non-familial/Non-genetic 

Unidentified 
gene defect

Disease sub-type* Idiopathic Disease sub-type*

RCM

European WG on Myocardial and Pericardial Diseases (Elliott P et al. EHJ 2007)



Clinical translation of omics platforms in inherited heart muscle disease 

Distinctive imaging phenotypes define arrhythmogenic
left ventricular cardiomyopathy (ALVC) 





Some possible options?

Do nothing

1
Tinker with 
existing 
definitions

2
Redesign to 
resolve current 
confusion

3
Move to a new 
aetiology-based 
classification

4



Cardiomyopathy: 
Definition

• A structural and or 
functional abnormality of left 
and or right ventricle (or atria) 
unexplained solely by 
abnormal loading conditions 
or coronary artery disease.

• STRUCTURAL=hypertrophy, 
dilatation, systolic/diastolic 
impairment (global/regional), 
scar and fat.

• NOT DEFINED BY PRESENCE 
OR ABSENCE OF ARRHYTHMIA



Cardiomyopathy: 
Diagnostic 

Pathway



Diagnostic Pathway

Scenarios Morphologies/
Function

Associated 
Traits Aetiology



Scenarios



Morphological and functional subtypes of 
cardiomyopathy

Hypertrophic 
Cardiomyopathy

Dilated 
Cardiomyopathy

Other LV 
cardiomyopathies

RV 
Cardiomyopathies

Restrictive 
Cardiomyopathy



Associated 
Traits*

Atrial Arrhythmia

Ventricular Arrhythmia

AV Block

Excessive Trabeculation

Somatic dysmorphism

Neuropathy

Renal dysfunction

Muscular dystrophy

Cardiac Extra-cardiac

(*including family history)



Aetiology

Genetic Inflammatory

Infiltrative Toxic



APPROACHES TO ‘CLASSIFICATION’

Cardiac 
Structure/function

ECG/Arrhythmia

46 year old male
Myocarditis presentation
No family history
Normal physical examination

Integrated aetiology/phenotype 
description

Autosomal dominant DSP-related non-
dilated LV cardiomyopathy with mildly 
impaired LVEF and subepicardial scar

Modified Existing Morphological 
Classification

Arrhythmic cardiomyopathy

ALVC

DSP p.Arg425*

900 VEs/24 h

Sinus rhythm, low voltage

Genotype

Non-dilated LV 
cardiomyopathy LVEF
subepicardial scar

Truncating variant in 
desmoplakin
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Frontiers: New Armoury

Small molecules
AAV 

Gene delivery

RNA silencing
Immuno
therapy

Enzyme 
replacementChaparones

• ß-blockers
• RAAS inhibitors
• Statins
• Vasodilators
• Antiplatelets
• Anticoagulants
• Devices



If it doesn’t fit, then do not force it





THANK YOU



Summary: Is it time for a new classification?

• Update required to account for LV disease not described in current 
system

• No single scheme can meet every purpose
• For clinicians, focus should be on logical pursuit of a diagnosis guided 

by an iterative description of a phenotype



Ave Imperator, morituri te salutant
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