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Guidelines & RED flags in 
cardiomyopathies 



Standard cardiologic workup  

• Personal and family history 

• Baseline ECG (12/24 leads) 

• SAECG 

• Echo (2D/3D) 

• Holter 

• Stress test 

• (LE)-CMR 

• EPS 

• … 
Elliott P et al 2019 in press



When Do I Suspect a Genetic Condition? 

Clinical Findings Suggestive of a Cardiovascular Genetic Disorder 

Cardiac disorder with associated developmental delay/intellectual disability 

Congenital heart defect with additional birth anomalies 

Congenital heart defect with dysmorphic facies 

Positive family history of multiple closely related individuals affected with the same condition 

Affected offspring of a couple with ≥3 pregnancy losses 

Conotruncal heart defects, supravalvular aortic stenosis, bicuspid aortic valve 

Thoracic aortic aneurysm or dissection 

Unexplained cardiomyopathy 

Family history of sudden cardiac death in a previously healthy person 

Abnormal ECG findings consistent with inherited arrhythmia 

Cardiovascular Genetics Lab- 
Cardiovascular Pathology Unit 



Clinical screening must always 
preceed genetic testing request!! 

 

 

 

 



Lab Genetica Cardiovascolare- U.O.C. Patologia Cardiovascolare 

Genetic test 
- Diagnostic  
- Cascade 

R: recommended 
U:  useful 
N.R.:not recommended 

N.R. 

R R R R R R R R R 



Understanding of genetic testing technology and 
diagnostic yield of genetic tests is mandatory 

because this affects both test choice and interpretation 



 ‘COMMON’ AORTA DISORDERS 

Gene FBN1 TGFBR1 & 2, TGFB2 & 3, 

SMAD3, SKI 

COL1A1, COL1A2, COL3A1, COL5A1,  

COL5A2.  

Inheritance Autosomal Dominant 

Sporadic:25% 

Autosomal Dominant 

Sporadic: 75% 

Autosomal Dominant 

Prevalence 1:5.000-10.000 N/A 1:5.000  vascular type 1:250.000 

Penetrance Complete N/A Incomplete 

Yield of GT 100% 40-60% 15-25% 

Clinical 
features 

MVP, tall stature, 

arachnodactyly, pectus 

abnormality, scoliosis, 

ectopia lentis, dural ectasia, 

spontaneous pneumothorax, 

striae 

Bifid uvula/cleft palate, skeletal 

feature s similar to MFS, 

craniosynostosis 

Thin translucent skin, gastrointestinal 

rupture 

Vascular EDS patients can present as 

early as the first 2 weeks of life with 

aneurysm or rupture of large blood 

vessels, or sudden spontaneous rupture of 

the bowel or other intra-abdominal organs. 

MARFAN SYNDROME –  
elastic fiber network 

LOYES-DIETZ SYNDROME– 
elastic fiber network  

EHLERS-DANLOS SYNDROME –  
collagenous network 

Cardiovascular Genetics Lab- Cardiovascular Pathology Unit 



AC – DESMOSOME  DCM* - CYTOSKELETON HCM –SARCOMERE 

*mixed 

‘COMMON’ INHERITED ARRHYTHMIC 
CARDIOMYOPATHIES WITH STRUCTURAL DEFECT 

Inheritance Autosomal Dominant/ 

Recessive 

Autosomal Dominant/Recessive linked to 

cardiocutaneous syndromes 

Autosomal Dominant/ Recessive, 

mitochondrial, X-linked 

Prevalence 1:500 1:2500-1:5000 1:2500 

Penetrance Incomplete, age-dependent Incomplete, age-dependent Incomplete, age-dependent 

Yield of GT 50-70% 40-60% 15-25% 

Cardiovascular Genetics Lab- Cardiovascular Pathology Unit 



‘COMMON’ CHANNELOPATHIES 

Genes LQT1-KCNQ1, LQT2-KCNH2, LQT3-

SCN5A 

SQT1-KCNH2 , 

SQT2-KCNQ1, 

SQT3-KCNJ2 

BrS1-SCN5A CPVT1-

RYR2, 

CPVT2-

CASQ2 

SCN5A, TRPM4, 

SCN1B, SCN10A 

Inheritance Autosomal Dominant (Romano- Ward 

syndrome)/ Recessive linked to 

congenital deafness (Jervell & Lange 

Nielsen syndrome), dysmorphic faces 

(Andersen- Tawil syndrome), autism 

(Timothy syndrome) 

Autosomal Dominant Autosomal 

Dominant 

Autosomal 

Dominant/ 

Recessive 

 

Autosomal Dominant 

 

Prevalence 1:2.500 (AR 1:1.000.00) Only 70 cases 

worldwide reported 

1:1.000-10.000 1:10.000 1:20.000 

Penetrance Incomplete Incomplete Incomplete Incomplete Incomplete 

Yield of GT Up to 80% 20% 25% 60-70% 5-10% 

LQT   SQT                     BrS                 CPVT     PCCD 
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The complexity of a diverse  
genetic architecture 

Hershberger, R. E. Nat. Rev. Cardiol. 2013; 10:531-47 

The human genome comprise 20,000 

protein-coding genes of which in the 

past 10 years, about 3,000 have been 

linked to at least one Mendelian 

disease. 



Mind that NOT all rare variants 
(missense/truncating) are Pathogenic and likely 

pathogenic… 

Cardiovascular Genetics Lab- 
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Genetic noise 

Cardiovascular Genetics Lab- Cardiovascular Pathology Unit 
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Identification of radical variants alone does not provide a genome-first 
solution to the identification of AC 

«Radical mutations are high probability AC-associated 
 whereas rare missense variants should be interpreted in the context of race, 

ethnicity, mutation location and sequence conservation.» 

1 in 200 controls actually have a positive genetic test ; 
1 in 6 controls would potentially meet criteria for a 

positive genetic test result. 



Genetics standards and guidelines 

Cardiovascular Genetics Lab- 
Cardiovascular Pathology Unit 
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Novel missense or nonsense variants by 
current ACMG rules cannot be 
classified as likely pathogenic (or 
pathogenic), and thus actionable, unless 
data regarding the same variant is 
available from multiple probands and/or 
affected family members. 

A variant classified as a VUS by a 
laboratory report seldom impacts the 
clinician’s decision. 



Which genes have sufficient evidence 
to be considered disease related? 

 
How to demonstrate the pathogenicity 

in genetic variants?  

Cardiovascular Genetics Lab- 
Cardiovascular Pathology Unit 
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GENETIC COUNSELING: PRE-TEST 

indication for genetic testing: 
Clinical & familial history 

Choice of genetic test 

Genetic test: limits & benefits 

Informed consent , understand 
social implications 

How Should pts Be Tested? 



How Should Be Tested? 

Large gene panels increase likelihood of identifying 

– molecular etiology, especially in patients with mixed 
phenotypes (i.e. AC-DCM) or those lacking 
pathognomonic features  

– individuals who carry disease-causing variants in 
multiple genes, extremely important for appropriate 
targeted testing of family members. 

Caveat: 

– VUS in proportion to the number of genes tested 
increase complexity of the interpretation  genetic 
counseling is mandatory given that results drive 
clinical decision-making! 

Copy number variation assays, given that frequency of 
these variants is high and identification is difficult through 
target re-sequencing panels. 



• Genetic report should be handed to 
directly to patient  

• the results of genetic testing should 
be provided in the context of the 
patient’s clinical phenotype and 
family history multidisciplinary 
collaborative teams 

• Many genetic tests inform 
likelyhood of disease and are not the 
sole determinants of disease status 

GENETIC COUNSELING: POST-TEST 

How Should pts Be Tested? 

‘Genotype +’  does not mean ‘disease-affected’ 



Take-home message 

• Genetic testing should be performed after clinical evaluation in 
probands/athletes 

• Genetic testing results are probabilistic rather than 
determinative, relying on strength of evidence, both for and 
against, of specific variants causing or contributing to disease. 

• As such must be always interpreted in the context of patient’s 
medical and family history. 

• Cascade genetic screening is mandatory both for a predictive 
test (P/LP variants) and for determining variants causality 
(VUS) 

• Genetic counseling is crucial given that genetic results drive 
clinical decision-making. 

• Referral of cardiomyopathy patients in expert centers 

Cardiovascular Genetics Lab- 
Cardiovascular Pathology Unit 
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Inherited Arrhythmic  
Cardiomyopathies/Channelopathies 

Multidisciplinary Team, University of Padua  
Cardiology, EP, Genetics, Pathology 

• Cristina Basso 

• Barbara Bauce 

• Domenico Corrado 

• Alberto Cipriani 

• Federico Migliore 
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• Martina Perazzolo Marra 

• Ilaria Rigato 

• Stefania Rizzo 

• Gaetano Thiene 

• Alessandro Zorzi 
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