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How common are genetic disorders in children with CHDs?

Congenital heart defects are the most common form of birth de-
IHFWV��DႇHFWLQJ�DOPRVW����RI�DOO�QHZERUQV���*HQHWLF�IDFWRUV�SOD\�D�
role in most CHDs, which are typically isolated and nonsyndromic, 
and inherited as multifactorial traits, in which gene-environmental 
LQWHUDFWLRQV�FRQWULEXWH�WR�WKH�HWLRORJ\���+RZHYHU��DERXW�����RI�DOO�
CHDs, including some of the isolated and many of the syndrom-
ic forms, are caused by single-gene disorders or chromosomal 
anomalies, such as aneuploidy or CNV.  

,V�FKURPRVRPH�PLFURDUUD\�D�¿UVW�OLQH�WHVW�IRU�&+'"

Conventional chromosome analysis can detect aneuploidies like 
7ULVRP\� ��� RU� 7XUQHU� V\QGURPH� LQ� DERXW� ���� RI� FKLOGUHQ� ZLWK�
CHDs. However, smaller CNVs or microdeletions and microdu-
plications, are beyond the resolution of the microscope used for 
traditional chromosome analysis. Because chromosome microar-
ray can detect these smaller CNVs, it has become the preferred 
¿UVW�WHVW��LQ�PRVW�VLWXDWLRQV��IRU�FKLOGUHQ�ZLWK�FRQJHQLWDO�DQRPDOLHV�
of all types, including heart defects.

When is chromosome analysis, rather than microarray, the 
preferred test? 

&KURPRVRPH�DQDO\VLV�LV�D�EHWWHU�¿UVW�OLQH�WHVW�ZKHQ�DQ�DQHXSORLG\�
is suspected or when there is a family history of multiple miscar-
riages or infertility when a balanced translocation is suspected. 
Both conventional chromosome analysis and microarray test-
ing can detect aneuploidy. However, microarrays, which analyze 
DNA rather than whole chromosomes, cannot identify transloca-
tions, inversions or other structural chromosome rearrangements, 
whereas, in conventional cytogenetics, the microscopic analysis 
of banded chromosomes examines explicitly the shape and mor-
phology of chromosomes. 

How common are CNVs in children with CHD?

Children with CHDs and other extracardiac congenital anoma-
OLHV�DFFRXQW�IRU��������RI�DOO�&+'V���,Q�WKLV�JURXS���������KDYH�
pathogenic CNVs. Children with apparently isolated CHDs also 
have more pathogenic or likely pathogenic CNVs when compared 
with the general population. The number of CNVs in this group is 
������GHSHQGLQJ�RQ�WKH�VWXG\��%RWK�de novo and familial CNVs 
are more common in children with CHD. It is important to under-
stand that a CNV can act as one of many contributory traits in a 
multi-hit model, or it can be the principal cause of a CHD. 

Can the same pathogenic CNV be associated with more than 
one type of cardiac defect?

Several recurrent de novo CNVs are associated with more than 
one type of CHD. Example: The classic 3Mb deletion of 22q11.2 
WKDW� LQFOXGHV�7%;�� LV�VHHQ� LQ�!����RI�7HWUDORJ\�RI�)DOORW������
RI�WUXQFXV�DUWHULRVXV��DQG�����RI� LQWHUUXSWHG�DRUWLF�DUFK�W\SH�%��
+RZHYHU��VRPH�&19V�DUH�VSHFL¿F�WR�RQH�W\SH�RI�FDUGLDF�GHIHFW��
For instance, large CNVs on the X-chromosome are found in 
males with coarctation of the aorta.  

Can a CNV in the same chromosome region cause CHD both 
as a microduplication and as a microdeletion? 

Yes. Dosage sensitivity for critical genes may work both ways, as 
copy number gain or loss may disturb the same pathway.  

Example: Microduplications and microdeletions for the same re-
gions of 1q21.1 (GJA5), 3p24.1 (TGFBR2), 8p23.1 (GATA4) and 
22q11.2 (TBX1) have been reported in CHDs.

Are recurrent CNVs seen in both isolated and syndromic 
CHDs?

The same recurrent CNVs are seen in children with both isolated 
and syndromic CHD. It may be that the syndromic forms of CHDs 
have a wider phenotype, including milder forms,  that we are just 
starting to appreciate, or it may be that other modifying factors 
may contribute to the range of phenotypes that are expressed by 
a CNV in a given gene or chromosome region. 

Frequently Asked Questions,  Part II
More about Copy number variants (CNVs), Variants of 
8QFHUWDLQ�6LJQL¿FDQFH��986��LQ�&KURPRVRPH�0LFURDUUD\V��
with a special focus on Congenital Heart Defects (CHDs)
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“Both de novo and familial CNVs are 
PRUH�FRPPRQ�LQ�FKLOGUHQ�ZLWK�&+'��,W�LV�
important to understand that a CNV can 
act as one of many contributory traits in a 
multi-hit model, or it can be the principal 
FDXVH�RI�D�&+'��´
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Why is a CNV diagnosis important in the care of children with 
CHDs?

Outcomes for CHDs vary with the type and severity of the cardiac 
defect, the presence or absence of associated anomalies and with 
WKH�XQGHUO\LQJ�FDXVH���(DUO\�LGHQWL¿FDWLRQ�RI�JHQHWLF�GLDJQRVLV�FDQ�
alter the clinical course of a child with a CHD. Children with CHD 
caused by a pathogenic CNV have more complications and a less 
IDYRUDEOH� SURJQRVLV� WKDQ� WKHLU� VLPLODUO\� DႇHFWHG� SHHUV� ZLWKRXW�
CNVs.  Identifying these children early gives medical providers 
WKH�FKDQFH�WR�RႇHU�PRUH�DSSURSULDWH�FDUH��

Practical applications: 

1. Recognize that recurrent CNVs associated with CHDs in-
clude important genes for cardiogenesis. 

a. Patients with isolated CHDs can have the same CNVs 
that are responsible for syndromic cardiac defects.

2. Utilize online resources (OMIM, www.omim.org; DECIPHER, 
rarechromo.org) for more information about recurrent and 
novel CNVs and the genes within them. 
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