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Objective: This study aimed to examine the effectiveness of the SNP array for the prenatal 
diagnosis of congenital heart disease (CHD) screened by echocardiography.
Patients and Methods: A total of 356 pregnant women with fetal congenital heart 
malformations revealed by echocardiography at the Center for Prenatal Diagnosis of 
Fujian Maternal and Children Hospital during the period from November 2016 through 
July 2019 were recruited. The fetuses were assigned into three cohorts, including 142 with 
a single cardiac malformation, 106 with multiple cardiac malformations and 108 with cardiac 
and extracardiac malformations. All fetuses underwent chromosomal karyotyping and SNP 
array simultaneously, and the effectiveness of the SNP array for the prenatal diagnosis of 
CHD was evaluated.
Results: The overall prevalence of abnormal karyotypes was 9.3% among the 356 fetuses 
with CHD, and a higher proportion was found in fetuses with cardiac and extracardiac 
malformations (18.5%) than in those with single (5.6%) or multiple cardiac malformations 
(4.7%) (P<0.05). Consistent with karyotype analysis, SNP array detected an additional 25 
fetuses with pathogenic copy number variations (CNVs), seven with variant of unknown 
significance (VOUS) and seven with benign CNVs, and a lower proportion of abnormal 
CNV was found in fetuses with a single cardiac malformation (4.2%) than in those with 
multiple cardiac malformations (9.4%) or cardiac and extracardiac malformations (14.8%) 
(P<0.05). Among the 33 fetuses with chromosomal abnormality, postnatal follow-up showed 
termination of pregnancy in 25 with pathogenic CNVs, one with VOUS, and six with normal 
karyotypes and SNP array findings but severe multiple malformations by ultrasonography.
Conclusion: SNP array increases the overall detection of abnormal CNVs by 9%, which 
improves the detection of CNVs associated with CHD. SNP array may serve as a tool for 
prenatal diagnosis of CHD that facilitates the discovery of pathogenic genes associated with 
CHD and provide valuable insights into the precision assessment of fetal prognosis during 
the prenatal counseling.
Keywords: congenital heart disease, SNP array, echocardiography, prenatal diagnosis

Introduction
Congenital heart disease (CHD), which consists of a wide variety of anomalies and 
malformations involving the heart and great vessels that develop in utero during the 
development of the cardiovascular system, is a problem with the cardiac structure 
and function that is present at birth.1 As the most common birth defect, this disorder 
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affects approximately 1% of all live births.2 It is estimated 
that 1.35 million babies are born with CHD each year 
globally; however, the prevalence of CHD continues to 
increase across the world2 and, more importantly, a new 
group of adult CHD patients has emerged,3 which poses a 
great public health challenge.4 Thanks to huge technical 
improvements in imaging and cardiovascular surgery, sur-
gical repair becomes possible for common cardiac defects, 
and both the success rate of surgery and long-term post-
surgical survival rates achieve a great improvement for 
severe forms of CHD.5 Nevertheless, if CHD is one of 
phenotypes in inherited syndromes the success of surgery 
is not a guarantee for the normal postsurgical quality of 
life.6,7 A search for the cause of CHD and identification of 
the complicating inherited syndromes are therefore given a 
high priority in the currently prenatal diagnosis of CHD.8,9

Currently, the exact pathogenesis of CHD remains 
unclear; however, it is widely accepted that genetic and 
environmental factors contribute to the development of 
CHD.10 Increasing evidence shows that the genetic factors 
play a more important role in the pathogenesis of CHD 
among the multiple etiologic factors, including chromoso-
mal abnormality, gene mutation and copy number varia-
tion (CNV).11–14 Chromosomal abnormality,15 notably 
aneuploidy, is a major cause of CHD.16 Almost a half of 
patients with trisomy 21 (T21) are reported to present the 
features of CHD, which manifest complex cardiac malfor-
mations, such as atrial septal defect (ASD), ventricular 
septal defect (VSD), atrial-ventricular septal defect 
(AVSD), and tetralogy of Fallot (TOF).17 It has been 
found that the majority of patients with T18 or T13 have 
the phenotype of CHD,18,19 and sex chromosome abnorm-
ality (Turner syndrome) or terminal deletion of 5p were 
reported to correlate with CHD.20,21 In addition, chromo-
somal microdeletions and microduplications, such as 
22q11.2 microdeletion syndrome and Williams–Beuren 
syndrome, are also reported to contribute to the pathogen-
esis of CHD.22,23

Currently, the detection of CHD mainly includes kar-
yotype analysis, fluorescence in situ hybridization (FISH), 
multiplex ligation dependent probe amplification (MLPA) 
and chromosomal microarray analysis (CMA).24 

Conventional karyotyping has a low sensitivity and long 
duration for detection of inherited disorders,25 and FISH 
assay suffers problems of small probe numbers and detec-
tion of known genetic loci,26 while MLPA targets common 
aneuploidies and microdeletions/microduplications, which 
limits its clinical uses.27

Because of rapid, high-throughput and high-resolution 
ability, CMA has been accepted as a powerful tool for the 
diagnosis of developmental retardation, intellectual dis-
ability, autism and multiple congenital anomalies.28–31 

Currently, CMA is classified into two categories: micro-
array based comparative genomic hybridization (aCGH) 
and single nucleotide polymorphism (SNP) array, both of 
which are effective to detect chromosomal microdeletions 
and microduplications; however, SNP array is feasible to 
detect not only CNVs, but also haploid and chimera.32 

CMA platforms with copy number as well as SNP probes 
additionally provide clinically relevant information about 
copy neutral changes, such as uniparental disomy and will 
also identify ploidy changes, and such a design is feasible 
to identify chromosomal syndromes and single gene dis-
eases with deletion duplication.32 In children with CHD, 
with or without multiple congenital anomalies or intellec-
tual disabilities/developmental delay but normal karyo-
type, CMA was found to increase the diagnostic rate and 
improve the etiological diagnosis of CHD.32 Results from 
a recent prospective study showed that CMA is a reliable 
and high-resolution test for clinical prenatal diagnosis of 
CHD.33 In addition, CMA was considered a reliable and 
accurate prenatal approach for identifying pathogenic fetal 
chromosomal abnormalities associated with cardiac 
defects.34 However, the effectiveness of CMA for the 
prenatal diagnosis of CHD remains to be investigated. 
The purpose of this study was to examine the value of 
SNP array as a tool for prenatal diagnosis of CHD 
screened by echocardiography, which may provide impli-
cations for precision assessment of fetal prognosis.

Patients and Methods
Ethical Statement
This study was approved by the Ethics Review Committee 
of Fujian Maternal and Children Hospital. All procedures 
were performed following the Declaration of Helsinki, as 
well as international and national laws, guidelines and 
regulations. Signed informed consent was obtained from 
all subjects with a detailed description of the purpose of 
the study.

Subjects
A total of 356 pregnant women with fetal congenital heart 
malformations revealed by echocardiography at the Center 
for Prenatal Diagnosis of Fujian Maternal and Children 
Hospital (Fuzhou, China) during the period from 
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November 2016 through July 2019 were recruited. The 
pregnant women had gestational ages of 13 to 38 weeks 
(mean, 26.1 weeks) and ages of 18 to 46 years (mean, 29.4 
years). Echocardiography detected 142 fetuses with a sin-
gle cardiac malformation, 106 with multiple cardiac mal-
formations and 108 with cardiac and extracardiac 
malformations. In this study, a single cardiac malformation 
was defined as presence of a single fetal cardiac malfor-
mation and no other anatomical deformities seen in pre-
natal ultrasonography, and multiple cardiac malformations 
were defined as development of multiple malformations in 
the heart, while cardiac and extracardiac malformations 
were defined as malformations involving the nervous sys-
tem, urinary system, and digestive system in addition to 
the heart.

Karyotype Analysis
Chorionic villus, amniotic fluid and umbilical cord blood 
samples were collected through B-mode ultrasound-guided 
abdominal puncture, amniocentesis and cordocentesis, 
respectively. All prenatal samples were routinely cultured, 
mounted on slides and subjected to G-banding (additional 
C-banding and N-banding if required). Karyotype analysis 
was performed on a GSL-120 Streamlines Cytogenetic 
Analysis System (Leica Microsystems; Mannheim, 
Germany). At least 40 metaphases were counted for each 
case, and five karyotypes were randomly selected for 
analysis. The results were interpreted according to the 
2016 International System for Human Cytogenomic 
Nomenclature (ISCN).

SNP Array
Short tandem repeat (STR) analysis was conducted before 
detection of the fetal samples. Approximately 10 mL of 
amniotic fluid was sampled and centrifuged, and the sedi-
ment was collected. Genomic DNA was extracted from 
amniotic fluid cells using the QIAamp DNA Blood Mini 
Kit (Qiagen, Hilden, Germany), digested, amplified, pur-
ified, fragmented, labeled and hybridized to the array on 
the Affymetrix SNP Array 6.0 (Affymetrix; Santa Clara, 
CA, USA). The CytoScan HD array, includes the CNV 
probe and SNP probe, may detect CNV, mosaic (mosaic 
proportion >10%) and loss of heterozygosity (LOH). All 
data analyses were performed using the software 
Chromosome Analysis Suite (ChAS) version 3.2 
(Affymetrix; Santa Clara, CA, USA), All nucleotide posi-
tions refer to the Human Genome Feb 2009 Assembly 
(GRCh37/hg19). The interpretation of CNV, which was 

classified as pathogenic, variants of uncertain significance 
(VOUS) and benign, was identified using online public 
databases, including the database of genomic variants 
(DGV, http://projects.tcag.ca/variation), the DECIPHER 
database (https://decipher.sanger.ac.uk/), the OMIM data-
base (http://www.omim.org), the International Standards 
for Cytogenomic Arrays (ISCA) Consortium and Public 
Database (https://www.iscaconsortium.org/), the CAGdb 
database (http://www.cagdb.org/), the CHDWiki database 
and the NCBI database. The pathogenic CNVs detected by 
SNP array were validated using the FISH assay. Peripheral 
blood was sampled from the parents of the fetus with 
VOUS for the SNP array, and the type of CNV was 
identified by means of SNP array and pedigree analysis.

Statistics
All statistical analyses were performed using the statistical 
software SPSS version 22.0 (IBM Corporation, Armonk, 
NY, USA). Differences of proportions were tested for 
statistical significance with a chi-squared test or Fisher’s 
exact test, and a P-value <0.05 was considered statistically 
significant.

Results
Chromosomal Karyotypes
There were 33 fetuses with abnormal karyotypes detected 
in the 356 fetuses with CHD revealed by prenatal echo-
cardiography, including 10 cases with T18, eight with T21, 
two with T13, three with abnormal chromosome number, 
and 10 with chromosomal structural abnormalities. There 
was a significant difference in the proportion of chromo-
somal abnormalities among the fetuses with a single car-
diac malformation (5.6%), multiple cardiac malformations 
(4.7%) and cardiac and extracardiac malformations 
(18.5%) (P<0.01), and a higher proportion was found in 
fetuses with cardiac and extracardiac malformations than 
in those with single or multiple cardiac malformations 
(P<0.01) (Table 1).

SNP Array Findings
In addition to 33 fetuses with consistency between SNP 
array findings and karyotype analysis among the 356 
fetuses, SNP array detected 32 fetuses with abnormal 
CNVs (0.4 to 6.5 Mbp in size) and seven with benign 
CNVs. There were 25 fetuses with pathogenic CNVs, 
including eight with known microdeletion/microduplica-
tion syndromes and two with uniparental disomy, and 
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seven with VOUS, including six with copy number dupli-
cation and one with copy number loss (Table 2). There was 
a significant difference in the detection of abnormal CNVs 
among the fetuses with a single cardiac malformation 
(4.2%), multiple cardiac malformations (9.4%) and cardiac 
and extracardiac malformations (14.8%) (P<0.01), and a 
lower proportion was found in fetuses with single cardiac 
malformations than in those with multiple cardiac malfor-
mations or cardiac and extracardiac malformations 
(P<0.01) (Table 3).

Follow-up Outcomes
Among the 356 fetuses with prenatal diagnosis of CHD by 
echocardiography, there were seven cases lost to follow- 
up, and the rest were all successfully followed-up. The 33 
fetuses with chromosomal abnormalities, 25 with patho-
genic CNVs and one with VOUS experienced pregnancy 
termination, and six fetuses with normal karyotypes and 
SNP array findings but severe multiple malformations by 
ultrasonography also underwent pregnancy termination. 
Among the four fetuses with VOUS that continued preg-
nancy, the postnatal follow-up showed ventricular septal 
defects in two infants (the growth index became normal 
following surgical treatments) and good growth and devel-
opment in the other two infants (Table 2).

Discussion
In the current study, a total of 356 fetuses with CHD 
detected by echocardiography received karyotype ana-
lyses, and the overall prevalence of chromosomal 

abnormalities was 9.3%. Among the 33 CHD fetuses 
with chromosomal abnormalities identified by karyotyp-
ing, there were 10 fetuses with T18, eight with T21, two 
with T13, three with abnormal chromosome numbers and 
10 with chromosomal structural abnormalities. All 356 
fetuses received SNP array simultaneously, and 33 fetuses 
achieved consistent findings with karyotyping results; 
furthermore, the SNP array detected additional 9.0% pre-
valence of abnormal CNV. Our data further demonstrate 
that in addition to abnormal chromosome numbers and 
chromosomal structural abnormalities, microdeletions/ 
microduplications may contribute to the genetic etiology 
of CHD.35 It is suggested that the SNP array may serve as 
a supplement of conventional chromosomal karyotyping to 
increase the detection of CHD, and a further whole-gen-
ome high-resolution SNP array is recommended for 
fetuses with CHD but normal karyotype.36,37

In this cohort, T18 and chromosomal structural 
abnormality were the most common forms of chromoso-
mal structural abnormalities among fetuses with CHD 
(both 30.3%), followed by T21, T13 and abnormal chro-
mosomal numbers. The prevalence of chromosomal 
abnormalities was significantly greater in fetuses with 
CHD plus extracardiac malformations (18.5%) than in 
those with single cardiac malformations (5.6%) and multi-
ple cardiac malformations (4.7%) (P<0.01); however, no 
significant difference was found between fetuses with sin-
gle and multiple cardiac malformations (P>0.05). These 
findings indicate that aneuploidy and abnormality of large- 
fragment chromosome may cause changes in genetic 

Table 1 Chromosomal Abnormalities Detected in Fetuses with Congenital Heart Disease Revealed by Prenatal Echocardiography

Subjects 
Grouping

No. of 
Fetuses

Proportion of 
Chromosomal 
Abnormality 
(%)

No. of 
Fetus 
with 
Trisomy 
18

No. of 
Fetus 
with 
Trisomy 
21

No. of 
Fetus 
with 
Trisomy 
13

No. of Fetus with 
Abnormal 
Chromosome 
Number

No. of Fetus with 
Chromosomal Structural 
Abnormality

Single cardiac 

malformation

142 5.6 0 3 0 1 (47,XYY) 4 (46,XX,add(1)(q42); 46,XY, 

del(4)(q25q28); 46,XY,del 

(21)(q22); 46,X,add(Y)(q11))

Multiple cardiac 

malformation

106 4.7 1 1 0 0 3 (46,XY,del(2)(q37); 46,XX, 

add(8)(q21); 46,XX,add(18) 
(p11))

Cardiac and 

extracardiac 

malformations

108 18.5 9 4 2 2 (47,XY,+21) 3 (46,XY,del(4)(p14); 46,XY, 

del(5)(p14.3); 46,XY,add(22) 

(q11.1))

Total 356 9.3 10 8 2 3 10
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materials and disrupt genetic equilibrium, thereby result-
ing in fetal multisystem developmental abnormalities.16

In the present study, the prevalence of abnormal CNVs 
was 4.2%, 9.4% and 14.8% in fetuses with a single cardiac 
malformation, multiple cardiac malformations, and CHD 
plus extracardiac malformations. Our data showed that the 
prevalence of abnormal CNVs was significantly higher in 
fetuses with cardiac and extracardiac malformations than 
in those with single or multiple cardiac malformations 
(P<0.05), and a high detection of abnormal CNVs was 
seen in fetuses with multiple cardiac malformations than in 
those with a single cardiac malformation (P<0.05), which 
was inconsistent with previous reports.38–40 This may be 
because more fetuses with CHD were enrolled in our 
study, and the number of subjects was comparable 
among groups. Compared with previous studies,38–40 this 
study is more persuasive, and our data demonstrate a 
strong correlation between fetal multiple malformations 
and abnormal CNVs.

In our study, 25 fetuses with pathogenic CNVs were iden-
tified among the 32 fetuses with abnormal CNVs, including 
nine with known microdeletion/microduplication syndromes. 
To date, more than 40 microdeletion/microduplication syn-
dromes have been reported to cause CHD, and most of the 
fetuses with these microdeletion/microduplication syndromes 
present developmental malformations, intellectual retardation, 
and cognitive impairments.41 We detected eight fetuses with 
microdeletion/microduplication syndromes, including six with 
22q11.2 microdeletion syndrome (MIM:611,867), one with 
22q11.2 microduplication syndrome (MIM:608,363) and one 
with 17p11.2 microduplication syndrome (MIM:610,883). 
Among these microdeletion/microduplication syndromes, the 
22q11.2 microdeletion syndrome is most common, which has 
a global prevalence rate of 1/4000.42 The 22q11.2 microdele-
tion syndrome may present multiple clinical phenotypes, and 
approximately 80% patients with this disorder complicated 
with diverse forms of CHD.43 Genetic analysis reveals that 
the TBX1 gene at the 22q11.2 region is an important pathogenic 

gene for CHD.44 In this study, all six fetuses with the 22q11.2 
microdeletion syndrome had diverse ultrasound findings, but 
all had cardiac malformations, including three fetuses that had 
complicated extracardiac malformations on ultrasonography. 
SNP array analysis showed a 3.1 Mb duplication at the chro-
mosome 22q11.2 region in a fetus, which was identified as the 
22q11.2 microduplication syndrome. Like the 22q11.2 micro-
deletion syndrome, the 22q11.2 microduplication syndrome 
may present intellectual deficiency, neuropsychological pro-
blems, linguistic difficulties, and common cardiac 
malformations.45 In this study, the fetus with the 22q11.2 
microduplication syndrome had ultrasound findings of multi-
ple cardiac malformations. SNP array analysis revealed 2.1 Mb 
duplication at the chromosome 17p11.2 region, and the fetus 
was therefore diagnosed with Potocki–Lupski syndrome 
(MIM: 610,883). Worldwide, the prevalence of Potocki– 
Lupski syndrome is 1/20,000 to 1/250,000, and this syndrome 
has multiple clinical manifestations, which are predominantly 
associated with CHD.46 In the present study, the fetus with 
Potocki–Lupski syndrome had ultrasound findings of multiple 
cardiac malformations.

In addition, we detected the uniparental disomy in two 
fetuses with CHD using the SNP array. A case was found 
to bear loss of heterozygosity on chromosome 2, and 
pedigree analysis showed maternal-derived uniparental 
disomy on chromosome 2. It has been shown that the 
imprinted gene on chromosome 2 correlates with fetal 
growth restriction, developmental retardation, cardiac mal-
formations, hypospadias and oligohydramnios.47 Another 
fetus was detected with 19.2 Mb loss of heterozygosity at 
the p13.3-p12.3 region of the chromosome 16, and pedi-
gree analysis confirmed the diagnosis of maternal-derived 
uniparental disomy. The typical intrauterine features of 
maternal-chromosomal uniparental disomy 16 include 
fetal growth restriction, cardiac malformations and uro-
genital abnormalities.48 Detection of uniparental disomy 
using a SNP array may facilitate further understandings on 
the genetic etiology of cardiac malformations.

Table 3 Abnormal Copy Number Variations Detected in Fetuses

Subjects Grouping No. of 
Fetuses

Total Fetuses with Abnormal CNVs 
(Proportion)

Pathogenic 
CNVs

VOUS

Single cardiac malformation 142 6 (4.2%) 4 2

Multiple cardiac malformation 106 10 (9.4%) 7 3

Cardiac and extracardiac malformations 108 16 (14.8%) 14 2
Total 356 32 (9.0%) 25 7

Abbreviations: CNV, copy number variation; VOUS, variants of unknown significance.
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Currently, the laboratory identification and interpretation 
of CNVs remain a great challenge in clinical practices. It is 
reported that CMA may detect 1.1% to 6% VOUS.49 In this 
study, seven fetuses were detected with VOUS among 356 
fetuses with CHD, with a 1.9% detection rate of VOUS, 
which was similar to previous studies.34,39,50 Among the 
seven fetuses with CHD that were identified with VOUS, 
two were found to bear susceptibility loci for neurocognitive 
disorders, including a copy number loss of 1.4 Mb at the 
p13.11 region of the chromosome 16 and a copy number gain 
of 1.4 Mb at the q21.1-q21.2 region of the chromosome 1. 
Although pedigree analysis showed this mutation was inher-
ited from the mother with a normal phenotype; however, the 
frequency of susceptibility loci for neurocognitive disorders 
is less than 1% in healthy populations.51 Therefore, the 
susceptibility locus for neurocognitive disorders was defined 
as a VOUS in this study. As a rare CNV, chromosome 
16p13.11 microdeletion syndrome (MIM: 610,543) has an 
increased risk of complications in newborns, including bra-
dykinesia, facial deformity, microcephaly, gastroesophageal 
reflux disease and CHD.52 There is little knowledge on the 
link between the chromosome 16p13.11 microdeletion syn-
drome and CHD until now, and therefore, the fetal pheno-
types may provide insights into the understanding of the 
phenotype of the chromosome 16p13.11 microdeletion syn-
drome. The prevalence of the chromosome 1q21.1 microdu-
plication syndrome (MIM: 612,475) is estimated to be 0.03% 
in adults, and the clinical manifestations of this disorder, 
which is of a high heterogeneity, include dysgnosia, devel-
opmental retardation, specific learning disabilities, autism, 
schizophrenia, and heart abnormalities and deformities.53 

CHD is the major feature of the chromosome 1q21.1 micro-
deletion syndrome (MIM: 612,474),54 and is also reported in 
infants with the chromosome 1q21.1 microduplication 
syndrome.55 Previous studies have shown a correlation 
between the 1q21.1 microduplication and CHD, which 
leads to nonsyndromic coronary heart disease.56

In this cohort, a fetus was detected with a 0.4 Mb copy 
number duplication at the q13.3 region of the chromosome 
15, and the score for the triple dose effect was one at the 
15q13.3 recurrent region in the ClinGen database, with 
penetrance of 5% to 10%. Therefore, this duplication 
was also defined as a VOUS in this study. The parents of 
two fetuses refused to receive further genetic testing, and 
two other fetuses were identified to bear new CNVs 
through detection of their parental samples; therefore, 
these four fetuses were considered to bear VOUS. 
Although these VOUS contained genes that had indefinite 

roles in the alteration of cardiac structures or functions; 
however, the contribution of these VOUS to the disease 
phenotype cannot be excluded. Further studies are required 
to demonstrate the clinical significance of these VOUS. 
The improvements in the resolution and experimental pro-
cedures of CMA may result in the presence of more and 
more VOUS, which will increase the difficulty in prenatal 
counseling and the couple’s anxiety. Recently, next-gen-
eration sequencing, as a novel genetic tool to detect single- 
gene mutations and CNVs, may provide more comprehen-
sive information for prenatal genetic diagnosis in fetuses 
with CHD screened by ultrasound, and provide better 
assessments of fetal prognosis.57

Genetic testing determines the decisions for termination 
of pregnancy.58 Among the 33 fetuses with CHD that were 
identified with chromosomal abnormalities recruited in this 
study, termination of pregnancy was decided among the 25 
fetuses with pathogenic CNVs and one with VOUS. In addi-
tion, termination of pregnancy was decided in six fetuses 
with normal chromosomal karyotypes and normal SNP array 
findings, but showing severe multiple deformities on ultra-
sound. Among the four fetuses with VOUS that continued 
pregnancy, the postnatal follow-up showed ventricular septal 
defects in two infants (the growth index became normal 
following surgical treatments), and good growth and devel-
opment in the other two infants. It is therefore considered that 
SNP array may provide a precision assessment of fetal prog-
nosis and risk of disease recurrence, and provide valuable 
insights into the decisions to continue pregnancy during the 
prenatal counseling.

In summary, the results of the present study demon-
strate that the SNP array shows consistent findings with 
the chromosomal karyotype analysis, and increases the 
overall detection of abnormal CNVs by 9%. Such an 
increase improves the detection of CNVs associated with 
CHD, which further confirms that CNVs are an important 
pathogenic factor of CHD. It is therefore concluded that 
the SNP array as a tool for prenatal diagnosis of CHD 
facilitates the discovery of CHD-associated pathogenic 
genes and provides valuable insights into the precision 
assessment of fetal prognosis during the prenatal 
counseling.
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