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Is genetics of CHD an issue for clinical practice ?

▪ Incidence: 8/1000 live-births

▪ 28% : associated anomalies
> 600 entries in OMIM

▪ Genetic counseling is a challenge as survival is now the rule





What everybody knows !



What everybody knows !



Trisomy 21 - Down syndrome
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CAV: Classificazione genetica

Am J Med Genet 1999;85:140

•Complete AV Canal is prevalent
in patients with chromosomal
imbalance

•Additional cardiac defects are
prevalent in patients with:
- chromosomal imbalance

different from Trisomy 21
- nonsyndromic AV canal

Down S 
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Non S 
25%

Other S 
30%



AVSD : associated cardiac defects 
T21 vs non T21 

Formigari R et al, Ann Thorac Surg 2004; 78:666 

Survival after biventicular repair or 
definitive monoventricular palliation

Freedom from reoperation after 
biventicular repair or definitive 

monoventricular palliation
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Freeman, S., Bean, L., Allen, E. et al. Ethnicity, sex, and the incidence of congenital heart defects: a report from the National Down Syndrome Project. Genet Med 10, 173–180 (2008).

Major congenital heart defects by maternal age, infant sex, and maternal ethnicity



Number (%) of infants with AVSD by birth country of mother for whites, blacks, and Hispanics

Freeman, S., Bean, L., Allen, E. et al. Ethnicity, sex, and the incidence of congenital heart defects: a report from the National Down Syndrome Project. Genet Med 10, 173–180 (2008).



Freeman, S., Bean, L., Allen, E. et al. Ethnicity, sex, and the incidence of congenital heart defects: a report from the National Down Syndrome Project. Genet Med 10, 173–180 (2008).

Black patients with AVSD had a 
higher proportion of ancestral 
African alleles compared with those 
with no heart defect



A threshold model for CHD. We hypothesize that the human population includes allelic variants in multiple genes that contribute to the risk of congenital heart disease, many of which have subtle or no effects by themselves. Additive effects of individual modifier genes 
can reach a threshold whereby heart septal development is disrupted (Euploidy with congenital heart disease [CHD]), but the likelihood of inheriting many predisposing modifiers is small. Trisomy 21 is a significant risk factor for CHD, but alone is not sufficient to 
produce heart defects; however, those people with an extra copy of Hsa21 may require fewer disomic or trisomic modifiers to reach the threshold (Ts21+modifier). The relative contribution of the modifier in the sensitized Down syndrome population is therefore more 
readily detectable. Li H et al Circulation: Cardiovascular Genetics. 2012;5:301–308



Various conditions associated with Down syndrome with its causative genes.
Asim, A., Kumar, A., Muthuswamy, S. et al. “Down syndrome: an insight of the disease”. J Biomed Sci 22, 41 (2015). 



Genomic variability of chr21 (trisomic regions) may contribute to the CHD in Down syndrome. 


The CHD risk of Down syndrome is determined not only by trisomy  21 but also the genome-wide 
interaction of specific alleles.


A multigenic model for the development of CHD in trisomy 21 with effects 
of several genetic variants 

Hypothesis for the risk 
of CHD in Down syndrome

Sallani MR et al. Genome Res. 2013 Sep;23(9):1410-21
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Bonnevie Ulrich syndrome



Turner syndrome







Aortic dissection (both type A and type B) occurs in approximately 40 per 100 000 person-years 
compared with 6 per 100 000 person-years in the general population



Bondy CA. Aortic dissection in Turner syndrome. Curr Opin Cardiol. 2008 Nov;23(6):519-26.

2.5 cm2/m2



ESC Guidelines 2020

Associated risk factors for dissection 
Bicuspid aortic valve

Coarctation

Systemic hypertension

Elongated transverse arch
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Phenotypes of the aortic arch in Turner syndrome

Mortensen KH, et al. Heart 2018;0:1–9.

Elongated transverse aortic arch 
(kink at aortic isthmus (A, arrow)) 
with an incidental and benign 
aberrant right subclavian artery 

Elongated transverse aortic arch 
(kink at aortic isthmus (A, 
arrow)) with an incidental and 
benign aberrant right subclavian 
artery 

Coarctation of the aorta Mild transverse arch hypoplasia 
(arrowhead) and mild dilation of 
the descending aorta

Extra-anatomical jump graft 
(arrow) inserted for bypass of 
severe na t ive coarc ta t ion 
(arrowhead) with a dilated 
descending aorta (asterisk)



What everybody knows !





Noonan syndrome

Noonan SML

Costello CFC

Legius syndrome



ECG Noonan syndrome



Hypertrophic obstructive cardiomyopathy in Noonan syndrome
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CHD in Noonan syndrome
Mitral valve dysplasia

AVSD

Pulmonary stenosis

Atrial septal defect-osmium secundum









Old textbooks and clinical genetics

Down syndrome
Turner syndrome

DiGeorge syndrome

Williams syndrome

Noonan syndrome

Marfan syndrome

Kabuki syndrome

Waardenburg syndrome





Skeletal anomalies in Marfan syndrome



Hands-Marfan syndrome







Neonatal Marfan syndrome









Loeys-Dietz syndrome



Loeys-Dietz syndrome - Phenotype

Craniostenosis

Vertebral anomaliesBot pie



Loeys-Dietz syndrome - Phenotype

Bifid uvula

Translucent skin Tortuous vessels -Aneurysms





Aneurysms Osteoarthritis syndrome - Phenotype SMAD3 mutations

Bifid uvula

Tortuous vessels -AneurysmsArthritis



Arterial tortuosity syndrome



Arterial tortuosity syndrome (ATS) is a rare connective tissue disorder characterized by tortuosity 
of the large and medium sized arteries, caused by mutations in SLC2A10. Inherited as a recessive trait.

Beyens A et al. Genetics in Medicine





Acromelic dysplasias

Geleophysic 

Myhre syndrome



Acromelic dysplasias



Old textbooks and clinical genetics

Down syndrome
Turner syndrome

DiGeorge syndrome

Williams syndrome

Noonan syndrome

Marfan syndrome

Kabuki syndrome

Waardenburg syndrome



Normal chromosome 22 

Chromosome 22q11 deletion







What everybody knows !



61Williams-Beuren syndrome
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Supravalvar aortic stenosis
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Supravalvar aortic stenosis



Peripheral pulmonary arterial stenosis in Williams syndrome 

Collins R T Circulation. 2013;127:2125-2134



Coronary artery abnormalities in WS 



Elastin mutation pedigree





69

Cutis laxa - Elastin gene mutation



What everybody knows !



Kabuki syndrome - Phenotype

Variants in genes KMT2D and KDM6A are found in 70% of patients with KS Variants in HNRNPK in others





CHARGE syndrome

Cornelia de Lange syndrome

Lujan-Fryns syndrome

Ohdo syndrome

Opitz-Kaveggia syndrome

Epigenetics and congenital heart diseases Linglart L & Bonnet D. Epigenetics in congenital heart diseases. JCDD 2022



What are the lessons from this short overview of a few syndromes ?

• Trisomy 21 + modifying genes causes CHD : polygenic mechanisms


• RASopathies : common genetic path and multiple cardiac phenotypes 

• Marfan and related syndromes : Similar cardiac phenotype - different genes in 
the same path and countertype phenotype in the same path.


• 22q microdeletion syndrome : Altered developmental mechanism and variety of 
defects with the same developmental field 

• Kabuki and other epigenetic syndromes: role of epigenetic (age, environment) 



Thank you






