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• Search for a genetic cause underlying the cardiac phenotype (cardiomyopathy, 
arrhythmia)

• Identify patients with increased risk of cardiac disease and sudden death
• Indicate periodic cardiologic follow‐up
• Give advice regarding treatment, lifestyle, medication (farmacogenetics, 

personalized medicine)

Cardiogenetics



Genes involved in cardiomyopathy

Phelan et al OA Genetics 2013;1(1):9



Cardiomyopathy disease genes



Arrhythmia genes (LQT, BrS, CPVT, SQT, SSS)

Skinner et al Heart Lung Circ. 2019;28(1):22‐30



Offerhaus et al Nat Rev Cardiol. 2019 Oct 3



Class 5: Pathogenic
Class 4: Likely pathogenic
Class 3: Variant of Unknown Significance
Class 2: Likely benign
Class 1: Benign



Increased throughput of genetic analysis

<2007: Sanger sequencing (single genes, small gene panels)
2007:  Affymetrix Custom resequencing Chip 300K

Allele Specific Oligonucleotide Hybridizations
34 cardiomyopathy genes
320 patients 

2010:  Pyrosequencing Roche 454 Life Sciences 
LR‐PCR 34 cardiomyopathy genes
64 patients 

2012:  Illumina HighSeq2000WES
45 cardiomyopathy, 42 arrhythmia genes
425 patients

2015:  Single‐Molecule Molecular Inversion Probes (smMIPs)
cardio45, arrhythmia27, TTN, (2018: FLNC) 
Illumina NextSeq500 





Yield CM panel (45 genes) & TTN
2015‐present
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274 (L)P variants in CM panel (45 genes)

(numbers: # variants)



457 VUS in CM panel (45 genes)

(numbers: # variants)



Yield arrhythmia panel (27 genes)
408 patients, 2015‐present
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34 (L)P variants in arrhythmia panel (27 genes)
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71 VUS in arrhythmia panel (27 genes)
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Heart WES panel

• Cardiomyopathy (45) and arrhythmia (27) genes, TTN, FLNC
• Congenital Heart Disease genes (52)
• Thoracic Aortic Aneurysm and Dissection (30)
• Noonan genes with HCM
• LGMD genes with heart phenotype
• Metabolic genes with heart phenotype
• Other genes with cardiac phenotype in HGMD



Yield WES heart panel (350 genes)
347 patients, 2016 ‐March 2019
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Yield WES heart panel (350 genes)
347 patients, 2016 ‐March 2019

• 35 (L)P variants: 27/35 already found in CM/arrhythmia panel
3/35 class 5: explaining the clinical phenotype
5/35 class 4: not explaining the clinical phenotype

• Many VUS: some in genes lacking convincing evidence of being a cardiac
disease gene

• Revise heart gene panel (350  300 genes) by removing:
‐ genes of which association to heart disease is too weak
‐ genes associated with clear extracardiac phenotype (syndromic)

• WES heart panel in case of:
‐ age < 50
‐ extra‐cardiac phenotype
‐ pedigree



• Common missense variant in FLNC gene

Identification of novel disease genes: ‘shared’ WES



Conclusions

• Parallel sequencing of ‘core genes’ for genetic testing of patients
suspected of genetic cardiomyopathy / arrhythmia gives the highest
diagnostic yield

• Critical re‐evaluation NL ‘core panel’

• Additional genes (Heart WES gene panel): minimal additional yield

• Heart panel only for limited cases (age < 50, extra‐cardiac phenotype, 
pedigree)
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