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&KURPRVRPH�PLFURDUUD\��&0$��KDV�EHFRPH�D�¿UVW�WLHU�WHVW�LQ�WKH�
evaluation of newborns with congenital anomalies, who do not 
have a clear diagnosis. It is used by neonatologists and geneti-
FLVWV�DOLNH��0LFURDUUD\V�KDYH�SURYHQ�WKHLU�HႇHFWLYHQHVV�E\�LPSURY-
ing the diagnostic yield and changing the clinical management of 
newborns who have congenital anomalies. This two-part series of 
frequently asked questions will help the neonatologist interpret mi-
FURDUUD\V�ZLWK�PRUH�FRQ¿GHQFH�DQG�HႈFDF\��1H[W�PRQWK¶V�)$4V�
focus on CNVs that are associated with congenital heart defects, 
both the isolated and the syndromic varieties. 

What are CNVs?

CNVs or copy number variants refer to variants in the normal 
amount of chromosomal material. These are losses (microdele-
tions) or gains (microduplications) of chromosomal material that 
are usually longer than 500 bases in size but much smaller CNVs 
may be reported if they involve critical regions. 

How common are CNVs in the general population?

CNVs are common and universal. CNVs account for most of the 
genetic diversity in human populations. Each of us has on average 
>1000 CNVs of >450 base pairs compared to a reference popula-
tion. A chromosome microarray test detects reportable CNVs in 
2-4% of the general population. CNVs may be familial (inherited) 
or de novo (sporadic), common or rare, recurrent and well de-
scribed in the medical reports or unique (“novel”), without other 
examples in the published literature.

+RZ�DUH�&19V�UHSRUWHG�DQG�FODVVL¿HG"
Here is an example:  arr[hg19] 16p13.1
1p12.3(15,324,775-18,242,713)x1

In this example, a 2.9 Mb deletion in the short arm of chromosome 
16 starts at 16p13.11 (proximal breakpoint) and ends at 16p12.3 
(distal breakpoint). The result designates the human genome map 
that was used to map these coordinates: arr[hg19].  This is fol-
lowed by the chromosome number (1-22, X, Y), arm (p or q), band 
DQG�VXE�EDQGV�WKDW� LV�DႇHFWHG��1H[W��ZLWKLQ�WKH�VHW�RI�SDUHQWKH-

VHV���� ORQJ�VWULQJV�RI�QXPEHUV�DUH�PDUNHG�Rႇ�� LQ�VHWV�RI��V��E\�
commas, and separated by a dash.  These two numbers represent 
the nucleic acid coordinates for the starting and stopping points of 
the variant region.  Subtract the smaller number from the larger 
number and you get the number of bases involved in the CNV, 
ZKLFK�GHVFULEHV�LWV�VL]H�������PLOOLRQ�������PLOOLRQ� �����PLOOLRQ���
The copy number follows: “x1” for a deletion, “x3” for a duplica-
tion.  The genomic size of a CNV is expressed as Kb or Kilobases 
��.E �����EDVH�SDLUV��RU�0J�RU�0HJDEDVHV���0E �����.LOREDV-
es or a million base pairs).  

Following the guidelines established by the American College of 
Medical Genetics and Genomics, genetic laboratories classify 
CNVs using 5 options:  pathogenic, likely pathogenic, variant of 
XQFHUWDLQ�VLJQL¿FDQFH� �986��� OLNHO\�EHQLJQ�DQG�EHQLJQ��8QIRUWX-
nately, not all laboratories use the same standards to “call” vari-
ants and discrepancies in how labs classify CNVs are not uncom-
PRQ���&19V�FDQ�EH�UHFODVVL¿HG�DV�PRUH�GDWD�EHFRPHV�DYDLODEOH��

What can be done to interpret a VUS on a microarray?

VUSs are commonly reported on microarray tests. These are usu-
ally either novel variants that have not been seen in a reference 
population or they are regions of variation with incomplete data, 
PDNLQJ� LQWHUSUHWDWLRQ�GLႈFXOW� DQG� OLPLWHG��986V�FDQQRW� EH� FRQ-
sidered disease-causing but neither can they be ignored. The lab 
PD\�RႇHU�SDUHQWDO�WHVWLQJ�IRU�WKH�986��VRPHWLPHV��DW�QR�FKDUJH���
$�GH�QRYR�986��RU�RQH�WKDW�LV�LQKHULWHG�IURP�D�VLPLODUO\�DႇHFWHG�
SDUHQW�� LV�PRUH� OLNHO\� WR� EH� VLJQL¿FDQW�� �$�986� WKDW� LV� LQKHULWHG�
IURP�DQ�XQDႇHFWHG�SDUHQW���LV�OHVV�OLNHO\�WR�EH�VLJQL¿FDQW��<RX�FDQ�
ask the lab to reinterpret a VUS after more family data has been 
collected or after a suitable period (usually a year or more) has 
elapsed in case new data has been added to the reference data-
bases. 

Can a familial CNV be pathogenic if the carrier parent is unaf-
fected?

Some familial CNVs are disease-relevant but incompletely pen-
etrant: meaning that some individuals in the family with the CNV 
express an abnormal phenotype while others with the same CNV 
GR�QRW��SRVVLEO\�EHFDXVH�RI�WKH�HႇHFWV�RI�RWKHU�PRGLI\LQJ�HQYLURQ-
mental or genetic factors.  Such CNVs may be considered VUSs 
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because of the lack of consistent correlation with a phenotype or 
defect but they are in fact important risk factors. The increased 
prevalence of a VUS in the disease population compared to the 
XQDႇHFWHG�RU�JHQHUDO�SRSXODWLRQ�LV�D�PHDVXUH�RI�WKH�UHODWLYH�ULVN�LW�
may confer.  In some cases, a deletion can “unmask” a heterozy-
gous pathogenic variant on the intact homolog. This can cause ex-
pression of an autosomal recessive phenotype in the patient who 
KDV�ERWK�D�GHOHWLRQ�DQG�D�JHQHWLF�YDULDQW�WKDW�DႇHFW�ERWK�FRSLHV�RI�
the gene in question. Recognizing how these CNVs contribute to 
risk can improve the interpretation of VUSs in patients with con-
genital anomalies in general, and congenital heart defects (CHDs) 
in particular. 

Are some CNVs better tolerated than others?

In general, microduplications are better tolerated and are less 
likely to be disease-causing than microdeletions. A microdeletion 
WKDW�FDXVHV�KDSORLQVXႈFLHQF\�RI�GRVDJH�VHQVLWLYH�JHQHV�LV�PRUH�
likely to cause disease. 

Smaller CNVs and microdeletions or duplications that are not 
gene-rich are less likely to be disease-causing.  Conversely, as 
the size and number of CNVs increase, so do their chance of clini-
cal relevance.  Large CNVs, 3 Mb or greater, are almost always 
pathogenic. 

:KDW�UHVRXUFHV�RႇHU�PRUH�LQIRUPDWLRQ�RQ�WKH�VLJQL¿FDQFH�RI�
a CNV?

A clinical geneticist is your best resource but a timely consultation 
may not be available for every patient who needs one. It is a good 

idea to be familiar with a few useful resources that are readily 
available.  Most microarray reports include a list of disease-related 
genes involved in the CNV. The clinician can review this list for the 
presence of genes that are relevant to the patient’s phenotype. 
Here are a few resources:

The online database, OMIM, Online Mendelian Inheritance in 
Man, is provides information about disease-associated genes: 
https://www.omim.org/

DECIPHER is a database of patients with CNVs that includes their 
phenotypic features: https://decipher.sanger.ac.uk/
 
UNIQUE is a resource for patient educational materials and infor-
mative booklets (some in languages other than English) on rare 
chromosome variants: https://www.rarechromo.org/

Practical applications: 

��� 8VH�FKURPRVRPH�DQDO\VLV�DV� WKH�SUHIHUUHG�¿UVW� WHVW�ZKHQ�
aneuploidy or a structural chromosome anomaly is suspect-
ed. Conventional chromosome analysis is appropriate when:  
a. Down syndrome, another autosomal trisomy or Turner 

syndrome is suspected.
b. Multiple miscarriages or infertility is present in the family 

history.    

��� 0LFURDUUD\� WHVWLQJ� LV� WKH�PRVW�DSSURSULDWH�¿UVW� OLQH� WHVW� IRU�
all other children with congenital anomalies, including heart 
defects.
a. The background rate of CNVs in the general population is 

2-4%. 
b. Patients with apparently isolated, nonsyndromic CHDs 

have an increased rate of both de novo and familial CNVs 
of 4-10%.

c. The diagnostic yield is higher in CHD patients with extra-
cardiac anomalies, 15-20%.

��� 2QO\�&19V�WKDW�DUH�FODVVL¿HG�DV�SDWKRJHQLF�RU�OLNHO\�SDWKR-
genic in the microarray report are considered to be respon-
sible for the CHD. 
D�� 986V� �YDULDQWV�RI�XQFHUWDLQ�VLJQL¿FDQFH��VKRXOG�QRW�EH�

³5HFRJQL]LQJ�KRZ�WKHVH�&19V�FRQWULEXWH�
to risk can improve the interpretation 
RI�986V�LQ�SDWLHQWV�ZLWK�FRQJHQLWDO�
anomalies in general, and congenital 
KHDUW�GHIHFWV��&+'V��LQ�SDUWLFXODU��”
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considered causative until more information is available 
WR�FKDQJH�WKHLU�FODVVL¿FDWLRQ��

b. Request parental studies to further characterize a VUS 
as de novo or familial.

F�� 5HTXHVW� ODERUDWRU\�UHLQWHUSUHWDWLRQ�RI�D�986�FODVVL¿FD-
tion to resolve its status over time (usually one year or 
more after test report).  

  
References:
1. Miller DT, Adam MP, Aradhya S, et al. Consensus statement: 

FKURPRVRPDO�PLFURDUUD\�LV�D�¿UVW�WLHU�FOLQLFDO�GLDJQRVWLF�WHVW�
for individuals with developmental disabilities or congenital 
anomalies. Am J Hum Genet. 2010 May14;86(5):749-64. 
PMID: 20466091

2. Richards S, Aziz N, Bale S, et al.; ACMG Laboratory Qual-
ity Assurance Committee. Standards and guidelines for the 
interpretation of sequence variants: a joint consensus rec-
ommendation of the American College of Medical Genetics 
and Genomics and the Association for Molecular Pathology. 
Genet Med. 2015 May;17(5):405-24. PMID: 25741868

 
The author has no relevant disclosures.

NT

Use the Right Words

Treat Us as a Dyad

Support Rooming-In

Promote Kangaroo Care

Try Non-Pharmacological Care

Support Breastfeeding

Treat My Symptoms

I was exposed to substances in utero. I am 
not an addict. And my mother may or may 
not have a Substance Use Disorder (SUD).

Mothers and babies need each other. 
Help my mom and me bond. Whenever 
possible, provide my care alongside her 
and teach her how to meet my needs. 

Babies like me do best in a calm, 
quiet, dimly-lit room where we 
can be close to our caregivers.

Skin-to-skin care helps me stabilize 
and self-regulate. It helps relieve the 
autonomic symptoms associated with 
withdrawal and promotes bonding.

Help me self-soothe. Swaddle me snugly in 
a flexed position that reminds me of the 
womb. Offer me a pacifier to suck on. 
Protect my sleep by "clustering" my care.

Breast milk is important to my gastrointestinal 
heath and breast feeding is recommended 
when moms are HIV-negative and receiving 
medically-supervised care. Help my mother 
reach her pumping and breastfeeding goals.

If I am experiencing withdrawal symptoms 
that make it hard for me to eat, sleep, and 
be soothed, create a care plan to help me 
wean comfortably.
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