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Abstract 

Background  Congenital heart disease (CHD) is a heterogeneous collection of structural abnormalities of the heart 
or great vessels that are present at birth. These birth defects are one of the leading causes of infant mortality and mor-
bidity worldwide. The etiology and pathogenesis of CHD are unclear and largely considered to be multifactorial 
in nature. Since the chromosomal profile of CHD has not been analyzed in a large sample size, we aimed to sum-
marize the clinical features, cytogenetics findings, and pregnancy outcomes of CHD to provide a clinical reference 
for prenatal diagnosis.

Methods  Among 21,152 pregnant women, 471 (2.23%) showed fetal CHD on cordocentesis or amniocentesis. The 
number of cases showing simple CHD, simple CHD with concomitant extracardiac structural abnormalities, complex 
CHD, and complex CHD with concomitant extracardiac structural abnormalities was 128, 124, 89, and 130, respec-
tively. For prenatal genetic diagnosis, karyotyping was performed with single-nucleotide polymorphism array(SNP-
array)-based chromosomal microarrays, fluorescence in situ hybridization (FISH), copy number variation sequencing 
(CNV-seq), and BACs-on-Beads™ (BoBs) analyses. The results of ultrasonography examinations, genetic analyses, 
and pregnancy outcomes were recorded in detail.

Results  Ventricular septal defects (VSDs) were observed in 245 (52.02%) cases of fetal CHD. Among the 471 cases 
of CHD, 258 (54.78%) showed other ultrasound abnormalities. The most common ultrasound abnormalities were 
abnormalities of the central nervous system. The 471 cases included 93 (19.75%) cases showing chromosomal abnor-
malities, and the incidence of these abnormalities increased with advanced maternal age or the presence of other 
ultrasound abnormalities. In eight cases, karyotype analysis showed normal results while SNP-array or CNV-seq results 
were abnormal. Among the 453 cases that were followed up, 166 (36.64%) involved pregnancy termination, 273 
(60.26%) involved live births, 7 (1.55%) involved fetal death in utero, and 7 (1.55%) involved neonatal death after birth.

Conclusions  Fetuses with CHD showed higher rates of chromosomal abnormalities. In cases diagnosed with fetal 
CHD during fetal ultrasonic examination, the mothers should undergo a careful and comprehensive fetal ultrasound 
scan as well as prenatal genetic testing, including karyotype analysis and SNP-array or CNV-sequencing. The prognosis 
for simple fetal CHD is good, while the prognosis for complex fetal CHD and extracardiac anomalies is poor.
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Background
The term “congenital heart disease” (CHD) refers to a 
heterogeneous collection of structural abnormalities of 
the heart or great vessels that are present at birth. These 
birth defects are observed in more than 1 million live 
births worldwide and are responsible for 10% of still-
births. The incidence of CHD in live births is approxi-
mately 5%-8%, making it the most frequently occurring 
birth defect [1, 2]. Due to its high morbidity, disability, 
and lethality, CHD poses a major threat to the health of 
mothers and infants. The pregnancy outcomes of fetuses 
with CHD are influenced by a variety of factors, includ-
ing the type and severity of CHD and the presence of 
chromosomal abnormalities, which are the most impor-
tant abnormalities associated with such cases.

The existing understanding of the etiology and patho-
genesis of fetal CHD is incomplete. CHD is considered to 
be a condition influenced by complex genetic traits, with 
genetic and environmental factors playing major roles in 
disease development. Increased awareness of prenatal 
screening among pregnant women and advancements 
in testing methods have increased the detection rate of 
fetal CHD. In clinical settings, chromosomal karyotyp-
ing used to be the most common method for diagnosing 
chromosomal disorders prenatally, but this method has a 
long turnaround time and yields large segments, which 
can complicate timely or comprehensive diagnosis of 
chromosomal abnormalities. Advancements in molecular 
genetics technology have resulted in a constant influx of 
new prenatal diagnostic techniques and other new tech-
nologies, which can provide more accurate prenatal diag-
noses for fetuses with normal karyotypes and abnormal 
ultrasound findings. To further elucidate the pathogene-
sis and prenatal diagnosis of CHD, the clinical data of 471 
patients with CHD were summarized in this study.

Methods
During the period from January 2009 to August 2022, 
a total of 21,152 pregnant women underwent prenatal 
genetic diagnosis with amniocentesis or cordocentesis 
under ultrasound guidance at Hebei General Hospital. 
Cordocentesis or amniocentesis was performed in 471 
pregnant women with fetal CHD. The diagnostic cri-
teria for fetal CHD were based on the National Health 
Ministry’s birth defect map and the 10th revision of the 
International Statistical Classification of Diseases and 
Related Health Problems (ICD-10). Simple CHD refers to 
heart disease with a single defect, which generally does 
not cause hemodynamic changes. Complex CHD refers 
to one or more malformations of the intracardiac and/
or macrovascular structure, which cause severe hemody-
namic alterations.

On the basis of the complexity of the intracardiac mal-
formations and the presence of concomitant extracardiac 
abnormalities, fetuses with CHD were classified into four 
groups: Group A, simple CHD without any concomitant 
extracardiac abnormalities; Group B, simple CHD com-
bined with extracardiac abnormalities; Group C, complex 
CHD without concomitant extracardiac abnormalities; 
and Group D, complex CHD with concomitant extracar-
diac abnormalities. Groups A and B were categorized as 
simple fetal CHDs, while groups C and D were catego-
rized as complex fetal CHDs.

The results of intracardiac and extracardiac ultrasonog-
raphy examinations and genetic analysis of the investi-
gated cases were also tabulated. Fetal ultrasonography 
using a 5-MHz transducer (IU22, Philips; VOLUSON E8, 
General Electric) was performed and evaluated by a team 
consisting of an obstetrician, an experienced sonogra-
pher, and a pediatric cardiologist specializing in the use 
of fetal echocardiography to detect fetal CHD. The pre-
natal ultrasound analysis was performed using the nine-
segment sequential method, which covered nine sections: 
transverse section of the upper abdomen, four-chamber 
heart section, left ventricular outflow tract section, right 
ventricular outflow tract section, three-vascular tracheal 
section, bilateral subclavian-artery section, long-axis 
section of the superior and inferior vena cava, long-axis 
section of the aortic arch, and long-axis section of the 
ductus arteriosus. All samples underwent karyotyping, 
while only 91, 26, 37, and 13 samples underwent SNP-
array, CNV-seq, BoBs, and FISH analyses.

For statistical analyses, we used the Statistical Package 
for Social Sciences Version 26.0 (SPSS, IBM, Chicago, IL, 
USA). Quantitative data were expressed as mean ± stand-
ard deviation or median (range) using the Kruskal–Wallis 
H test, while qualitative data were expressed as frequency 
(n) and percentage (%). Comparisons between groups 
were performed using the Chi-squared test (P = 0.05), 
The P value was corrected using Bonferroni correction 
(P, = 0.05/4 × (4–1)/2 = 0.0083). P, values were calculated 
using a two-sided test with 0.0083 as a statistically signifi-
cant level (P, < 0.0083).

Results
A total of 471 pregnant women with fetal CHD under-
went invasive sampling procedures, including 169 
amniocenteses and 302 cordocenteses. The mean mater-
nal age was 28.73 ± 4.80  years (range, 18–45  years), 
The mean maternal ages in groups A, B, C, and D were 
27.73 ± 3.56  years, 30.40 ± 5.98  years, 27.97 ± 3.48  years, 
and 28.63 ± 4.99  years, respectively; the age data of the 
four groups did not conform to a normal distribution, 
and the differences were significant when evaluated using 
the Kruskal–Wallis H test (H = 15.118, P = 0.002). The 
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median gestational age at ultrasound examination was 
26.91 ± 1.96 weeks (range, 20–28 weeks).

A total of 23 CHDs were identified in this study, 
and the top 10 CHDs were, in order, ventricular sep-
tal defects (VSDs; 245 cases, 52.02%), right aortic arch 
(13 cases, 2.76%), tetralogy of Fallot (11 cases, 2.34%), 
Ebstein anomaly (9 cases, 1.91%), hypoplastic left heart 
syndrome (9 cases, 1.91%), endocardial cushion defects 
(5 cases, 1.06%), coronary sinus malformation (5 cases, 
1.06%), cardiac tumor (4 cases, 0.85%), hypoplastic right 
heart syndrome (4 cases, 0.85%), and right and left pul-
monary artery crossing (4 cases, 0.85%). The top 10 
CHDs accounted for 65.60% of the cases. Among the 
471 cases of CHDs, 254 (53.93%) showed abnormalities 
on ultrasound examinations. Central nervous system 
(CNS) ultrasound abnormalities accounted for 32.28% 
of the fetal CHD abnormalities. Among the non-CNS 
abnormalities, placenta and umbilical cord abnormali-
ties accounted for 23.23% of the cases, followed by poly-
hydramnios and digestive abnormalities. Some patients 
also showed concomitant pathological ultrasound find-
ings such as pyelectasis and abnormal limb development 
(Table 1). (Because this study mainly focused on the four 
groups of fetal congenital heart disease [A, B, C, and D], 
the cases were not subdivided on the basis of the type of 
ventricular septal defect (muscular or perimembranous. 
Nevertheless, the cytogenetics of muscular and per-
imembranous ventricular septal defects require further 
investigation).

Chromosomal abnormalities were detected in 93 
(19.75%) of the 471 cases of fetal CHD in this study. 
Groups A (simple fetal CHD), B (simple fetal CHD with 
concomitant extracardiac structural abnormalities), C 
(complex fetal CHD), and D (complex fetal CHD with 
concomitant extracardiac structural abnormalities) 
showed 11 (8.59%), 34 (27.42%), 9 (10.11%), and 39 (30%) 
cases of chromosomal abnormalities, respectively. In 
comparisons of groups A and B, B and C, and C and D, 
the differences were statistically significant. The remain-
ing comparisons did not show significant differences 
(P > 0.083), as reported in Table 2.

The karyotyping of the 471 fetuses revealed 85 abnor-
malities. This study identified 10 cases of structural 
chromosome abnormalities and 75 cases of aneuploi-
dies, including 38 cases of trisomy 18, 26 cases of risomy 
21, and three cases of trisomy 13. Four cases showed 
sex chromosome abnormalities, including two cases of 
45,X, one case of 47,XYY, and one case of 47,XXX. One 
case showed a 48,XXX, + 18 sex chromosome and three 
cases showed chromosome chimerism: 47,XXY/46,XY, 
45,X/46,XX, and 46,XY/46,XX. More details are provided 
in Table  3, and a part of the chromosomal karyotype is 
shown in Fig.  1. BoBs, FISH, CNV-seq, and SNP-array 

examinations were performed in 37, 13, 26, and 91 
fetuses, respectively. Some of the BoBs results are plot-
ted in Figs. 2 and one of the SNP-array results is plotted 
in Fig. 3. While the results of all BoBs and FISH exami-
nations were consistent with the results of the karyo-
type analyses, only 87 of the 91 SNP-array examinations 
showed results consistent with the results of the karyo-
type analyses. In the remaining four cases, karyotype 
results were normal, but chromosomal SNP-array results 

Table 1  Fetal CHD presenting with other ultrasound 
abnormalities

Cases were counted twice if the same fetus showed ≥2 abnormal ultrasound 
indices; Ventriculomegaly: atrial width of the lateral ventricles was ≥10 mm; 
Choroid plexus cyst: bilateral or unilateral choroidal cysts greater than 1.0 cm 
in diameter from the choroid; Abnormal cavum septum pellucidum: A narrow 
cavum septum pellucidum (CSP) was defined as a CSP smaller by 2 standard 
deviations (SDs) than the mean width according to gestational age (width < 
(mean normal width - 2SD)). A wide CSP was defined as a CSP larger by 2 SDs 
than the mean width according to gestational age (width > (mean width + 
2SD)). In addition, the CSP was considered to have an abnormal shape if its 
anteroposterior diameter was smaller than its width. If the measured value was 
greater than two times the SD of the reference range for the corresponding 
gestational age, then the gallbladder was identified as being enlarged

Ultrasound abnormalities Total Rate/(%)

Central Nervous System 82 32.28

Ventriculomegaly 23 9.06

Choroid plexus cyst 45 17.72

Abnormal cavum septum pellucidum 10 3.94

Blake’s pouch cyst 3 1.18

Meningocele 1 0.39

Digestive system 38 14.96

Digestive tract obstruction 20 7.87

Small or undetected stomach vesicles 11 4.33

Gallbladder enlargement 7 2.76

Extremity 17 6.69

Abnormal posture 15 5.90

Shortness 1 0.39

Polydactyly 1 0.39

Abnormalities of the renal system 29 11.42

Hydronephrosis 23 9.05

Enlarged kidney 6 2.36

Face & neck 6 2.36

Neck cyst 4 1.57

Nasal bone dysplasia 2 0.78

Other

Single umbilical artery 46 18.11

Polyhydramnios 39 15.35

Nuchal translucency thickening 4 1.57

Intrauterine growth restriction 2 0.78

Umbilical hernia 2 0.78

Visceral version 1 0.39

Umbilical cord cyst 13 5.12

Herniation of the diaphragm 1 0.39
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indicated the presence of microdeletions in three fetuses 
and microduplications in one fetus (Table 4). Among of 
the 26 fetuses that underwent CNV-seq examination, 22 
showed results consistent with the results of karyotype 
analysis. Among the remaining four fetuses, karyotype 
analyses indicated normal results, but chromosomal 
CNV-seq results indicated the presence of microde-
letions (Table  5). SNP-array and CNV-seq analyses 
increased the detection rate of chromosomal abnormali-
ties by 8.60%. The results of FISH, BoBs, SNP-array, and 
CNV-seq analyses are detailed in Table 6.

Among the 471 pregnant women, 418 were 
aged < 35 years, of whom 77 (18.42%) had chromosomal 
abnormalities. Fifty-three women were aged ≥ 35  years, 
of whom 16 (30.19%) had chromosomal abnormalities. 
Older pregnant women showed a significantly higher 
incidence of chromosomal abnormalities than younger 
pregnant women (P < 0.05).

Among the 471 cases of fetal CHD, 453 (96.18%) were 
followed-up. Fetal CHD resulted in termination of 166 
pregnancies (36.64%); among the pregnancies that were 
not terminated, seven (1.55%) ended in intrauterine death 

(Table  7), 280 (61.81%) were delivered as live births; and 
seven (1.54%) involved neonatal death after birth (Table 8). 
The rate of pregnancy terminations progressively increased 
from group A to D and was 12.20%, 37.07%,38.20%, and 
59.20%, respectively, in these four groups (P < 0.0083for 
all differences). As shown in Table 9, the survival rates of 
fetuses in cases of continued pregnancy in groups A, B, C, 
and D were 96.30%, 98.63%, 90.91%, and 92.16%, respec-
tively (Table 9). Thus, the survival rate of continued preg-
nancies was the highest in cases showing simple fetal 
CHD with extracardiac abnormalities. Tables 9 show that 
the pregnancy termination rate and continued pregnancy 
outcomes differed significantly among the four groups 
(χ2 = 59.164, P = 0.000; χ2 = 59.936, P = 0.000). Further two-
by-two comparisons were performed using Bonferroni’s 
method, and the corrected P’ = 0.0083, which indicated no 
statistically significant differences in the outcomes (The 
rate of pregnancy terminations and the survival rates of 
fetuses in cases of continued pregnancy) between groups 
B and C (χ2 = 0.028, P = 0.868; χ2 = 2.646, P = 0.104), while 
the differences between the remaining groups were statis-
tically significant (P < 0.083).

Table 2  Results of chromosome analyses of 471 fetal CHD cases

*p = 0.00<0.0083 vs. simple fetal CHD; # p = 0.002 <0.0083 vs. simple CHD with concomitant extracardiac structural abnormalities;% p = 0.00 < 0.0083 vs. 
complex fetal CHD. The diagnostic criteria for fetal CHD were based on the National Health Ministry’s birth defect map and the 10th revision of the International 
Statistical Classification of Diseases and Related Health Problems (ICD-10). Simple CHD refers to heart disease with a single defect, which generally does not cause 
hemodynamic changes. Complex CHD refers to one or more malformations of the intracardiac and/or macrovascular structure, which cause severe hemodynamic 
alterations

Groups Total Abnormalresults Frequency 
ofChromosomalabnormalities(%)

simple fetal CHD 128 11 8.59%

simple fetal CHD with concomitant extracar-
diac structural abnormalities

124 34* 27.42%

complex fetal CHD 89 9# 10.11%

complex fetal CHD with concomitant extra-
cardiac structural abnormalities

130 39% 30.00%

Table 3  Results of chromosomal karyotyping analysis of fetal CHD

(1) total of 471; (2) total of 128; (3) total of 124; (4) total of 89; (5) total of 130. Group A, simple fetal CHD; Group B, simple fetal CHD with concomitant extracardiac 
structural abnormalities; Group C, complex fetal CHD; and Group D, complex fetal CHD with concomitant extracardiac structural abnormalities

Chromosome abnormalities Total [n(1)(%)] A [n(2)(%)] B [n(3)(%)] C [n(4)(%)] D [n(5) (%)]

Numerical abnormalities 75(15.92) 9(7.03) 30(24.19) 5(5.62) 31(23.85)

Trisomy-18 38(8.07) 2(1.56) 17(13.71) 0 19(14.62)

Trisomy-21 26(5.52) 4(3.13) 11(8.87) 2(2.25) 9(6.92)

Trisomy-13 3(0.64) 0 0 1(1.12) 2(1.54)

Abnormal number of sex chromosomes 4(0.85) 2(1.56) 0 1(1.12) 1(0.76)

Abnormal numbers of sex chromosomes 
with autosomal staining.

1(0.21) 1(0.78) 0 0 0

Chromosome chimerism 3(0.63) 0 2(1.61) 1(1.12) 0

Structural abnormalities 10(2.12) 0 4(3.23) 2(2.25) 4(3.08)

Total 85(18.05) 9(7.03) 34(2.74) 7(7.87) 35(26.92)
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Discussion
CHDs are the most common congenital malforma-
tions [2, 3], and their prevalence varies widely in studies 

around the world; the best estimate is 8/1000 live births 
[1]. In this study, the prognosis for simple fetal CHD was 
good, while that for complex fetal CHD and extracardiac 

Fig. 1  Schematic of partial karyotypes

Fig. 2  BOBs outcome Plot
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anomalies was poor. Fetuses with CHD showed higher 
rates of chromosomal abnormalities. Despite extensive 
advances in medical care, CHD remains a major cause 
of infant morbidity and mortality. An accurate prenatal 
diagnosis of the CHD subtype is essential for better clini-
cal decision-making, including recommendations for ter-
mination of pregnancy, postnatal management, and early 

referrals to pediatric cardiology and cardiovascular sur-
gery centers [4].

In this study, VSD was the most common type of 
fetal CHD. The ten most common CHDs accounted for 
65.60% of the cases of CHD. The frequencies of these 
abnormalities in the present study were slightly different 
from those reported in previous studies. Because of the 

Fig. 3  SNP outcome Plot

Table 4  Fetal CHD with normal karyotype and abnormal SNP-array results

Age (years) Gestation (week) Ultrasound Findings  Area Size Type Nature

25 26+2 Abnormal intraabdominal 
circumference of the umbilical 
vein; ductus venosus absent; 
enlarged right heart; widening 
of the inferior vena cava; 
intrahepatic strong echoes; 
enhanced intestinal wall 
echoes.

Chromosome 15q11.2 512.3Kb Loss Uncertain significance

33 29+6 Vascular Ring  Chromosome 22q11.21 2.88Mb Loss Uncertain significance

24 30 Increased right heart propor-
tion; large tricuspid valve 
regurgitation; Mild mitral 
regurgitation；dextroposition

 Chromosome1p36.33p36.32  2.387Mb1.972Mb  LossLoss  Pathogenic

24 24  Congenital complex car-
diovascular abnormalities 
in the fetus (double right 
ventricular outlet; VSD; 
right aortic arch; enlarged 
right heart proportion) 
fetal hemivertebral body; 
right polycystic dysplastic 
kidney; Single Umbilical 
Artery;

 Chromosome Xp22.31 1.695Mb Duplication  Uncertain significance
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focus on comprehensive sonographic evaluation rather 
than on detecting a single deformity, we observed more 
cases of complex multi-system abnormalities in this 
study. Complex multi-system fetal anomalies can be rap-
idly diagnosed by systematic and specialized ultrasound 
examinations. Nevertheless, since our hospital provides 
prenatal diagnosis and consultation as a provincial refer-
ral center, most cases involved complex CHD, which 
may have influenced the statistical distribution, and the 
deeper reasons are subject to further and more in-depth 
study.

This study showed extracardiac abnormalities in 254 
(53.93%) cases of fetal CHD were, of which neurologic 
ultrasound anomalies were the most common, followed 
by abnormalities in the placenta and umbilical cord 
(24.01%) and abnormalities in the amniotic fluid (15.35%). 
In one previous study, extracardiac anomalies were 
observed in 66% of fetuses with CHD, and these primarily 
affected the central nervous system (31%), the genitouri-
nary system (26%), and the gastrointestinal system (24%) 
[5]. Other studies have reported that CHD with concomi-
tant extracardiac defects is associated with fetal growth 
restriction, amniotic fluid anomalies, neurologic malfor-
mations, and urinary tract anomalies [6–9]. The findings 
of these studies and our study indicate a high incidence 
of fetuses showing congenital heart defects with concom-
itant extracardiac structural anomalies; while the types 
and proportions of fetuses with extracardiac structural 

anomalies were not entirely the same across studies, the 
findings still implied an increased incidence of amniotic 
fluid anomalies and neurological abnormalities. Thus, to 
avoid clinical underdiagnosis, pregnant women should 
undergo fetal echocardiography as soon as ultrasonog-
raphy indicates neurological abnormalities or abnormali-
ties in the fetal amniotic fluid.

The overall rate of chromosomal abnormalities in 
fetuses with CHD was higher in this study. Chromosomal 
abnormalities were detected more frequently in complex 
fetal CHD than in simple fetal CHD, but the difference 
was not statistically significant. However, the detec-
tion rate of chromosomal abnormalities differed sig-
nificantly between the group showing simple fetal CHD 
with concomitant extracardiac abnormalities and the 
group showing complex fetal CHD. Thus, fetal chromo-
somal abnormalities do not significantly correlate with 
fetal CHD complexity. Analyzing the data, we found that 
fetuses showing cardiac structural abnormalities with 
concomitant extracardiac abnormalities had a signifi-
cantly higher detection rate of chromosomal abnormali-
ties than those without extracardiac abnormalities. Other 
studies have also reported similar results [10]. The pres-
ence of even a small segmental variant in one chromo-
some may affect multiple neighboring genes, influencing 
the development of multiple fetal systems [11]. Therefore, 
to avoid the birth of infants with defects, prompt prena-
tal genetic diagnosis is essential in cases showing fetal 

Table 5  Fetal CHD with normal karyotype and abnormal CNV-seq

Age (years) Gestation (week) Ultrasound Findings  Area  Size CNVType Nature

19 27 VSD; malproportion of main and pulmo-
nary arteries; tricuspid mitral regurgitation

Chromosome1q21.1 0.38Mb LOH Uncertain significance

29 28 Bilateral aortic arch in the fetus; perpetual 
left superior cavity.

Chromosome16 p13.11 1.24Mb Loss Pathogenic

30 22 cysticlymphatic malformation; Widening 
of the coronary venous sinus; perpetual 
left superior cavity

Chromosome14q24.1q24.2 2.64Mb Loss Uncertain significance

24 26+6 Fetal dysplasia of the nasal bones; dex-
troposition

Chromosome21q11.2 2.34Mb LOH Pathogenic

Table 6  Results of chromosome microarray analyses of fetal CHD

Chromosome 
microarray 
technology

SNP-array (n=91) CNV-seq (n=26) BoBs (n=37) FISH (n=13)

normal abnormal normal abnormal normal abnormal normal abnormal

A 33(36.26) 1(1.10) 9(34.62) 1(3.85) 9 (24.32 ) 0 1(7.69) 1(7.69)

B 15(16.48) 2(2.20) 3(11.54) 1(3.85) 10 (27.03 ) 3(8.11) 1(7.69) 2(15.38)

C 13(14.29) 1(1.10) 4(15.38) 1(3.85) 5(13.51) 0 0 0

D 16(17.58) 10(10.99) 5(19.23) 2(7.69) 8(21.62) 2(5.41) 5(38.46) 3(23.08)

Total 77(84.62) 14(15.38) 21(80.77) 5(19.23) 32(86.49) 5(13.51) 7(53.85) 6(46.15)
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Table 8  Findings in cases involving neonatal death

Case Ultrasound findings Chromosomal 
karyotyping 
findings

Chromosome microarray 
technology

Outcome Autopsy 
result

Case 1 VSD Normal - A female infant was hospitalized 
for neonatal asphyxia after birth, 
and auxiliary tests showed ven-
tricular defects and abnormal lung 
and bronchial development. She 
died after surviving for more than 1 
month.

-

Case 2 VSD Normal SNP-array:1seq[hg19
]1q21.1(145380000-145760000)×1

A male infant born at full term 
(birth weight, 2750 g) died 
of asphyxia after surviving for more 
than 1 month.

-

Case 3 VSD; aortic constriction; choroid 
plexus cyst

Normal - A male infant (birth weight, 4000 
g) was delivered by cesarean sec-
tion after a full-term pregnancy 
and died of survived for 7 months 
after an echocardiogram indicated 
complex cardiac malformations.

-

Case 4 VSD; left subclavian artery isolation; 
Right aortic arch

Normal CNV-seq: normal A female infant born at full term 
showed ultrasound evidence 
of complex congenital heart 
disease and esophageal dysplasia 
and died after surviving for more 
than a month.

-。

Case 5 Complex fetal CHD Normal - A male infant was delivered 
preterm due to perinatal cardio-
myopathy (birth weight, 2,000 g). 
The echocardiogram suggested 
complex congenital heart disease, 
and the infant died after surviving 
for 7 days.

-

Case 6 Complex fetal CHD Normal - A postnatal echocardiogram indi-
cated cardiac disease and showed 
atrial agenesis, aortic duct failure, 
and pulmonary hypertension 
(primary type). The infant survived 
for 4 months and died with-
out undergoing an autopsy.

-

Case 7 VSD; excessive amniotic fluid 46,XY/46,XX SNP-array: arr(12)x2-3,(X)x1-2,(Y)
x0-1

A male infant was delivered 
by cesarean section at 35 weeks’ 
gestation due to fetal distress. The 
infant showed muscle weakness, 
poor feeding, and respiratory dis-
tress and died 25 days after birth.

-

Table 9  Pregnancy outcomes by group

*P’(*PBAT=0.000;*PCAT​=0.000; *PDAT=0.000; *PBAS=0.000; *PCAS=0.000; *PDAS=0.000) < 0.0083 vs Group A; #P’(#PDBT=0.001;#PDBS=0.000)< 0.0083 vs Group B; %P’(%PDCT=
0.002;%PDCS=0.007) < 0.0083 vs Group C

Groups Effective tracking Termination Intrauterine death Dying Survival Continued 
pregnancy 
survival

A 123 15(12.20%) 1 3 104(84.55%) 96.30%(104/108)

B 116 43(37.07%)* 1 0 72(62.07%)* 98.63%(72/73) 

C 89 34(38.20%)* 2 3 50(56.18%)* 90.91%(50/55) 

D 125 74(59.20%)*#% 3 1 47(37.60%)*#% 92.16 %(47/51) 
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CHD with concomitant extracardiac abnormalities on 
ultrasonography.

Genetic and environmental factors are known to con-
tribute to the etiology of fetal CHD, and chromosome 
number and structural abnormalities are known to play 
a role in 10%-15% of CHD cases [12]. For decades, tra-
ditional karyotyping has been the gold standard for pre-
natal diagnosis. The first documented genetic cause of 
CHD was also chromosomal aneuploidy [13]. One of 
the most common causes of fetal CHD is trisomy 21, 
followed by trisomy 18 [14]. Common CHDs in cases 
showing trisomy 21 include endocardial cushion defects, 
VSDs, atrial septal defects, and aortic arch anomalies. 
VSD, patent ductus arteriosus, atrial septal defects, and 
aortic constriction are common clinical manifestations 
of trisomy 18 [15]. The present study identified 75 cases 
of abnormal chromosome number, with an abnormal-
ity percentage of 15.92%; among these, trisomy 18 was 
the most common, accounting for 44.71% of all abnor-
mal karyotypes and 40.86% of all abnormal genetic fac-
tors. According to the literature [15], the correlation 
between trisomy 18 and VSDs is high, and the present 
study showed a high percentage of VSDs. Therefore, the 
high incidence of trisomy 18 in the patient population 
in present study may be attributable to the high inci-
dence of VSDs. Our study population also included eight 
cases (8.60%) of sex chromosome abnormalities. Two of 
them involved Turner syndrome, two showed sex chro-
mosome triploids, one showed 48,XXX, + 18, and three 
were chimeric. Due to their specific structure and gene 
content, sex chromosomes are more prone to recombina-
tion errors than autosomes [16]. The clinical phenotypes 
of sex chromosomes are correlated with their chimeric 
ratios, which may indicate early sexual anomaly inactiva-
tion. The present study, however, did not investigate this 
issue due to the small sample size. Future studies with 
larger sample sizes should aim to address this issue. Fetal 
CHD is also associated with chromosomal structural 
abnormalities, such as recombination and chimerism. 
Such abnormalities were observed in 10.75% of the cases 
in this study. Fetal CHD is primarily caused by chromo-
some number abnormalities. Therefore, timely prenatal 
diagnosis should be performed if screening or ultrasound 
findings indicate chromosomal abnormalities.

Chromosomal karyotyping is the most classical prena-
tal diagnosis method. However, its long detection period 
and low resolution make it unsuitable for genetic coun-
seling. Advancements in chromosome microarray tech-
nology have allowed the detection of microdeletions or 
microduplications of genomic segments [17] as well as 
chromosomal imbalance rearrangements, uniparental 
diploidy, and triploidy with this technique. Moreover, 
these techniques do not require cell culture and have a 

shorter detection cycle [18]. The wide range of pheno-
types of CHD can be attributed to the presence of many 
structural abnormalities of the heart and genetic vari-
ants that contribute to this disease. These include the 22 
q11.2 deletion syndrome, 1p36 deletion syndrome, Wil-
liams–Beuren syndrome (7q11.23 deletion syndrome), 
and WHS syndrome (4P syndrome) [19, 20]. The devel-
opment of chromosome microarrays has increased the 
CHD detection rate by 5% [12, 21, 22], highlighting the 
importance of promoting advancements in chromosome 
microarray technology. These microdeletions and micro-
duplications were not observed in the cases reported in 
the present study. In this study, eight fetuses showing 
normal karyotypes and abnormal SNP-array or CNV-
seq results were identified using chromosomal micro-
array technology, increasing the detection rate of fetal 
CHD by 8.60%. CNV-seq or SNP-array technologies 
are suitable for first-line testing in most cases and have 
been shown to be synergistically effective. SNP-array 
techniques evaluate the genetic markers formed at the 
genomic level by DNA sequence polymorphisms caused 
as a result of variations in individual nucleotides. On 
the other hand, CNV-seq, which involves the detection 
of CNVs by low-level whole-genome sequencing, evalu-
ates large segments of CNVs at the whole-genome level. 
Both CNV-seq and high-density SNP-array techniques 
can achieve 100% detection of CNVs that are known 
to be pathogenic. However, CNV-seq performs better 
than medium-density SNP-array techniques. Both tech-
niques can detect chimeras, with CNV-seq showing a 
lower limit of detection (20%) than SNP-array techniques 
(30%). However, only SNP-array techniques can detect 
uniparental diploid (UPD) and heterozygous omission 
(LOH), [23]. However, these techniques cannot detect 
balanced chromosomal rearrangements, and karyotyp-
ing is required if such rearrangements are suspected. For 
detection of single-gene defects associated with CHD, 
whole-exome testing may be considered if the results of 
SNP-array or CNV-seq analyses are negative.

A family history of CHD, maternal disease (diabetes, 
collagen vascular disease), teratogenic exposure, viral 
infections (rubella virus, etc.), advanced maternal age, 
twin pregnancies, maternal obesity, maternal alcohol or 
drug use history, and in vitro fertilization all increase the 
risk of fetal CHD [24, 25]. As an independent risk factor, 
age is of considerable clinical significance. Pregnancies 
involving older women were significantly more likely to 
show chromosomal abnormalities than those involving 
younger women in this study. Thus, timely prenatal diag-
nosis in patients with CHD and advanced maternal age is 
essential to avoid serious birth defects in clinical practice.

The rates of complex and simple fetal CHD differed 
significantly in this study, and the rate of fetal CHD 
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with concomitant extracardiac structural abnormalities 
was greater than that of fetal CHD without extracardiac 
anomalies. When choosing whether to terminate a preg-
nancy, the complexity of cardiac malformations as well 
as the presence of extracardiac anomalies are important 
factors worth consideration. A complex malformation 
cannot be surgically corrected and is associated with high 
morbidity and mortality rates, which may be an important 
factor in the family’s decision to terminate pregnancy. The 
survival rate in complex fetal CHD was significantly lower 
than that in simple fetal CHD in this study, consistent 
with the literature [26], suggesting that the severity of fetal 
malformation and the presence of concomitant extracar-
diac anomalies have a significant impact on the prognosis 
of the fetus. In this study, the survival rate for continu-
ing pregnancies in Group B was significantly higher than 
those in Group A and Group D, which in turn were sig-
nificantly higher than that in Group C. Thus, the survival 
rate for continuing pregnancies showing fetal CHD with 
concomitant extracardiac anomalies was significantly 
higher than that for pregnancies without fetal CHD with 
concomitant extracardiac structural anomalies. This may 
be attributed to the higher detection rate of chromosomal 
anomalies in this study as well as the timely termination of 
pregnancies with chromosomal abnormalities. Thus, fetal 
CHDs with timely prenatal diagnosis may have a higher 
survival rate, and timely prenatal diagnosis of fetal CHD 
can improve the survival rate of continuing pregnancy in 
CHD patients. Further evidence is required to confirm the 
importance of prenatal diagnosis in reducing birth defects 
and improving eugenics.

Conclusions
Fetal VSD was the most common type of fetal CHD. 
Other ultrasound abnormalities were commonly associ-
ated with fetal CHD, of which CNS abnormalities are the 
most common. Chromosomal abnormalities were com-
mon in fetuses with CHD, and trisomy 18 was the most 
common chromosomal abnormality. An improved detec-
tion rate for chromosomal abnormalities in fetal CHD 
was achieved by combining karyotype analyses with 
SNP-array or CNV-seq analysis. Chromosomal abnor-
malities are more likely to be detected in older pregnan-
cies with CHD. Simple fetal CHD has a good prognosis, 
but complex CHD and combined extracardiac anomalies 
have a poor prognosis.
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