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Objective: The outcomes of fetuses with isolated congenital heart disease (CHD) diagnosed prenatally have not been investigated in
a population-based study in China. This population-based study aimed to evaluate the rate of voluntary termination of pregnancy after
the prenatal diagnosis of isolated CHD in Qingdao, China.

Methods: This was a population-based retrospective study in which data were collected from all pregnant women in Qingdao (eastern
China) from August 2018 to July 2020; fetal data, maternal data and data on pregnancy outcomes were extracted from medical records
regarding prenatal diagnosis of CHD. The inclusion criteria were as follows: pregnant women or their husbands who had a household
registration in Qingdao and who underwent regular prenatal screening in Qingdao. The exclusion criterion was the failure to sign an
informed consent form. Counseling for all parents of fetuses with CHD was provided by a multidisciplinary team of experienced
pediatric cardiologists, obstetricians, geneticists, etc. According to the type and severity of CHD, the pregnancy termination rate was
analyzed.

Results: Among the 126,843 pregnant women, 1299 fetuses with a prenatal diagnosis of CHD were included in the study. Among the
included fetuses, 1075 were diagnosed with isolated CHD, and the overall pregnancy termination rate was 22.8%. Termination rates
varied according to the complexity of CHD (low complexity vs moderate complexity, P=0.000; low complexity vs high complexity,
P=0.000; moderate complexity vs high complexity, P=0.000), with rates of 6.0% for low complexity, 54.2% for moderate complexity,
and 99.1% for high complexity. The decision to terminate the pregnancy in cases of isolated CHD was unrelated to maternal age
(P=0.091) but was related to gestational age (p=0.000).

Conclusion: In Qingdao, 99.1% of parents whose fetuses were diagnosed with isolated high-complexity CHD chose to voluntarily
terminate the pregnancy. The pregnancy termination rate increased with increasing complexity of prenatally diagnosed CHD.

Plain Language Summary: In our study population, with the popularity of prenatal diagnosis, complex congenital heart disease will
disappear, because 99.1% of parents whose fetuses were diagnosed with isolated high-complexity congenital heart disease chose

voluntary pregnancy termination.
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Introduction

Congenital heart disease (CHD) is a gross structural abnormality of the heart or intrathoracic great vessels that may have
functional significance.' CHD is the most common birth defect, the incidence of which ranges from 0.6% to 0.7%, and it
accounts for 30-50% of infant deaths caused by birth defects.” ” In China, approximately 150,000 to 200,000 children
with CHD are born every year.® In recent years, with advances in fetal echocardiography, the prenatal diagnosis of CHD
has shown a spectrum similar to that seen in the diagnosis of postnatal disease, and the prenatal diagnosis of CHD in
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early pregnancy has increased. On the one hand, prenatal diagnosis can be useful in optimizing perinatal management; on
the other hand, it provides opportunities for prenatal counseling and is helpful for parents in deciding whether to
terminate the pregnancy.” ' Studies have shown that parents’ decisions regarding termination of pregnancy (TOP) are
influenced not only by the severity of CHD and the gestational age at the time of diagnosis but also by society, religion
and culture."*'> The purpose of this population-based study was to clarify the rate of voluntary TOP given a prenatal
diagnosis of isolated CHD.

Materials and Methods

We conducted a population-based cohort study to collect data from all pregnant women registered in the Qingdao
Women’s and Children’s Health Center system from August 2018 to July 2020 in Qingdao, a city on China’s east coast
with a population of 10.25 million people. The inclusion criteria were as follows: pregnant women or their husbands had
a household registration in Qingdao and who underwent regular prenatal screening in Qingdao. The exclusion criterion
was the failure to sign an informed consent form. The system established in 2018 includes all relevant institutions in the
maternal and child health management network and is jointly managed by the Qingdao Municipal Center for Birth Defect
Control and Qingdao Women and Children’s Hospital. The system covers all pregnant women in the Qingdao area,
includes the results of regular health examinations and prepregnancy and delivery data, and uses ID numbers as the
unique identifiers of pregnant women with data in the database. If a fetus is diagnosed with CHD, a multidisciplinary
team informs the family, provides medical advice, and discusses the clinical significance of the diagnosis, including
possible neurologic sequelae and heart malformations. The team consists of experienced gynecologists, pediatric
cardiologists, geneticists, and specialists in fetal medicine. In this article, fetal data, maternal data and data on pregnancy
outcomes were extracted for fetuses diagnosed with CHD, and we focused on the analysis of the termination or
continuation of pregnancy for fetuses diagnosed with isolated CHD.

We classified all cases of CHD into 9 phenotypes: septal defects (phenotype 1), conotruncal defects (phenotype 2),
left ventricle outflow tract obstruction (LVOTO, phenotype 3), right ventricle outflow tract obstruction (RVOTO,
phenotype 4), atrioventricular septal defects (AVSDs, phenotype 5), anomalous pulmonary venous return (APVR,
phenotype 6), univentricular heart or isomerism (phenotype 7), vascular rings (phenotype 8), and cardiac tumors
(phenotype 9). In addition, according to the guidelines of the American Heart Association and the American College
of Cardiology published in 2018, all patients with isolated CHD diagnosed during the fetal period were divided into three
groups, namely, low complexity, moderate complexity and high complexity,'® to analyze the change in the TOP rate
among the groups. In the case of multiple related cardiac malformations, the pathology that had the greatest impact on
prognosis in terms of the requirement for major surgery was used for classification.

A P value < 0.01 was considered to indicate statistical significance, and SPSS statistics version 19.0 (SPSS, Inc.,
Chicago, IL) was used for statistical analysis. The difference between the women who decided to terminate their
pregnancies and those who decided to continue their pregnancies was evaluated by an unmatched #-test and Fisher’s
exact test or the y” test if appropriate. Descriptive statistics are expressed as the mean, percentage, range and frequency.
The main outcome was the TOP due to fetal CHD.

This study was approved by the Ethics Committee of Qingdao Women’s and Children’s Hospital, and written
informed consent was obtained from the patients before selection. The study protocol adhered to the ethical guidelines
of the Declaration of Helsinki.

Results

Overall, a total of 139,472 pregnant women were registered in the system. Among these women, 126,843 underwent
obstetrical ultrasound; however, 1243 had multiple fetuses, and 8639 had fetuses with no follow-up data available and
were therefore excluded from this study. A total of 1299 fetuses diagnosed with CHD were ultimately included in the
study, and the distribution is shown in Figure 1. Details for the following are shown in Table 1: septal defects accounted
for 73.3% of the cases, including atrial septal defects (ASDs) and ventricular septal defects (VSDs); conotruncal defects
accounted for 9.8% of the cases, including transposition of the great arteries (TGA), double-outlet right ventricle
(DORYV), and tetralogy of Fallot (TOF); LVOTO accounted for 4.3% of the cases, including coarctation of aorta
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Figure | The distribution of CHD in our study.
Abbreviations: CHD, congenital heart defect; LVOTO, left ventricle outflow tract obstruction; RVOTO, right ventricle outflow tract obstruction; AVSD, atrioventricular
septal defect; APVR, anomalous pulmonary venous return.

(CoA), hypoplastic left heart syndrome (HLHS), and interrupted aortic arch (IAA); RVOTO accounted for 5.0% of the
cases, including hypoplastic right heart syndrome (HRHS), pulmonary atresia (PA), and the Ebstein anomaly; AVSDs
accounted for 3.0% of the cases; APVR accounted for 0.8% of the cases, including partial or total APVR; univentricular
heart or isomerism accounted for 1.6% of the cases; vascular rings accounted for 1.7% of the cases; and cardiac tumors
accounted for 0.5% of the cases.

The median maternal age of the 1299 women was 31 (19—48) years, and the median gestational age at CHD diagnosis
was 25 (12-40) weeks. A total of 1075 of the 1299 (82.8%) fetuses were diagnosed with isolated CHD, and 224 of the
1299 (17.2%) fetuses with CHD were diagnosed with CHD combined with other extracardiac malformations, other
genetic pathologies, or chromosomal abnormalities. The percentage of pregnancies terminated according to the type of
CHD is shown in Figure 2. The percentage pregnancies terminated was 22.8% (245 of 1075) in the isolated CHD group,
while in the group with CHD combined with other extracardiac malformations, other genetic pathologies or chromosomal

Table | Characteristics and Number of Pregnancies Terminated for Each CHD Phenotype

CHD Phenotype Number of Cases (%) | Mean Age at Mean Gestational Age at TOP (%)
Pregnancy, yr, Median Diagnosis, wk, Median
(Minimum-Maximum) (Minimum-Maximum)
Total 1299 31(19-48) 25(12—-40) 351/1299(27.0)
Septal defects 952(73.3) 31(20-48) 25(12—-40) 104/952(10.9)
Conotruncal defect 127(9.8)) 31(19-44) 23(17-37) 113/127(89.0)
LVOTO 56(4.3) 30(23-40) 24(16-31) 33/56(58.9)
RVOTO 65(5.0) 32(23-4l) 24(13-36) 48/65(73.8)
AVSD 39(3.0) 31(24-43) 23(16-28) 23/39(59.0)
APVR 10(0.8) 31(25-38) 24.5(20-31) 5/10(50)
Univentricular heart or isomerism | 21(1.6) 32(24-39) 21(12-26) 21/21(100)
Vascular ring 22(1.7) 30(24-43) 25(18-36) 3/22(13.6)
Cardiac tumor 7(0.5) 30(26-32) 28(24-38) 1/7(14.3)

Abbreviations: TOP, termination of pregnancy; CHD, congenital heart disease; LVOTO, left ventricle outflow tract obstruction; RVOTO, right ventricle outflow tract
obstruction; AVSD, atrioventricular septal defect; APVR, anomalous pulmonary venous return.
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Figure 2 The TOP rate according to the type of CHD.
Abbreviations: CHD, congenital heart defect; LVOTO, left ventricle outflow tract obstruction; RVOTO, right ventricle outflow tract obstruction; AVSD, atrioventricular
septal defect; APVR, anomalous pulmonary venous return; TOP, termination of pregnancy.

abnormalities, the percentage was 47.3% (106 of 224). The difference between the two groups was significant (P=0.000)
(Table 2).

As shown in Table 2, Group 1 included 139 cases of ASDs and 813 cases of VSDs, and the TOP rate among women
whose fetuses were diagnosed with isolated CHD was 6.0%; Group 2 included 33 cases of TGA, 68 cases of TOF, 25
cases of DORYV, and 1 case of double-outlet light ventricle (DOLV), and the TOP rate among women whose fetuses were
diagnosed with isolated CHD was 87.9%; Group 3 included 9 cases of HLHS, 40 cases of CoA, 4 cases of IAA, and 3
cases of mitral atresia (MA), and the TOP rate among women whose fetuses were diagnosed with isolated CHD was
54.2%; Group 4 included 6 cases of HRHS, 5 cases of the Ebstein anomaly, 22 cases of PS, 28 cases of PA, and 4 cases
of tricuspid atresia (TA), and the TOP rate among women whose fetuses were diagnosed with isolated CHD was 71.4%.
In Group 5, the TOP rate among women whose fetuses were diagnosed with isolated AVSD was 48.4% Group 6 included

Table 2 Characteristics and Number of Pregnancies Terminated for Each CHD Phenotype in Fetuses with Isolated CHD vs CHD
Combined Extracardiac Malformations

CHD Phenotype Number of Isolated Cases Combined TOP in Isolated | TOP in
Cases (%) Cases (%) with Extracardiac Cases (%) Nonisolated
Malformations (%) Cases (%)
Total 1299 1075/1299(82.8) | 224/1299(17.2) 245/1075(22.8) 106/224(47.3)
Septal defects 952(73.3) 786/952(82.6) 166/952(17.4) 47/785(6.0) 57/166(34.3)
Conotrun-cal defect 127(9.8) 107/127(84.3) 20/127(15.7) 94/107(87.9) 19/20(95.0)
LVOTO 56(4.3) 48/56(85.7) 8/56(14.3) 26/48(54.2) 7/8(87.5)
RVOTO 65(5.0) 56/65(86.2) 9/65(13.8) 40/56(71.4) 8/9(88.9)
AVSD 39(3.0) 31/39(79.5) 8/39(20.5) 15/31(48.4) 8/8(100)
APVR 10(0.8) 10/10(100) 0 5/10(50) 0
Univentri-cular heart or isomerism | 21(1.6) 16/21(76.2) 5/21(23.8) 16/16(100) 5/5(100)
Vascular ring 22(1.7) 16/22(72.7) 6/22(27.3) 1/16(6.3) 2/6(33.3)
Cardiac tumor 7(0.5) 5/7(71.4) 2/7(28.6) 1/5(20) 0/2(0)

Abbreviations: TOP, termination of pregnancy; CHD, congenital heart disease; LVOTO, left ventricle outflow tract obstruction; RVOTO, right ventricle outflow tract
obstruction; AVSD, atrioventricular septal defect; APVR, anomalous pulmonary venous return.
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10 cases of total anomalous pulmonary venous return (TAPVR), and the TOP rate among women whose fetuses were
diagnosed with isolated TAPVR was 50%. In Group 7, the TOP rate among women whose fetuses were diagnosed with
isolated univentricular heart or isomerism was 100%. Group 8 included 2 cases of double aortic arch (DAA), 18 cases of
right aortic arch with left ligamentum (RAA-LD), and 2 cases of pulmonary artery sling (PAS), and the TOP rate among
women whose fetuses were diagnosed with isolated vascular ring corresponded to the one case of PAS. In Group 9, 7
cardiac tumors were presumed to be rhabdomyomas, of which 4 were in the left ventricle, 2 were in the right ventricle,
and 1 involved both ventricles, and TOP was performed.

As shown in Table 3, the TOP rate among women whose fetuses were diagnosed with isolated CHD was 6.0% in the
low-complexity group, 54.2% in the moderate-complexity group and 99.1% in the high-complexity group. There was
a significant difference in the TOP rate among women whose fetuses were diagnosed with isolated CHD between the
low-complexity group and the moderate-complexity group (P=0.000) or the high-complexity group (P=0.000), and there
was a significant difference between the moderate-complexity group and the high-complexity group (P=0.000). In
addition, in terms of maternal age and gestational age, there was a significant difference between women who continued
their pregnancies and those who chose TOP (P=0.009, P=0.000). However, after excluding factors related to CHD
combined with extracardiac malformations, we detected no significant difference in maternal age of women whose
fetuses were diagnosed with isolated CHD (P=0.091).

Table 3 TOP Rate in Each Group of Fetuses with Isolated CHD According to the American Heart Association and American College
of Cardiology Guidelines'®

Group of CHDs Number of Mean Age at Mean Gestational Rate of
Fetuses (%) Pregnancy, yr, Age at Diagnosis, wk, | TOP (%)
Median (Minimum- | Median (Minimum-
Maximum) Maximum)
Low complexity 786/1054(74.6) 31(20-48) 25(12-48) 47/786(6.0)
Isolated VSD
Isolated ASD
Moderate complexity 155/1054(14.7) 31(19-44) 24(16-37) 84/155(54.2)
APVR
AVSD (partial or complete, including primum ASD)
CoA

Ebstein anomaly (disease spectrum includes mild,
moderate, and severe variations)
PS (moderate or greater)

High complexity 113/1054(10.7) 31(2142) 22(17-31) 112/113(99.1)
Cyanotic CHD (unrepaired or palliated, all forms)
Double-outlet ventricle
IAA
MA
SV (including double inlet left ventricle, tricuspid

atresia, hypoplastic left heart, any other anatomic

abnormality with a functionally single ventricle)
PA (all forms)
TGA (classic or d-TGA; CCTGA or I-TGA)
Truncus arteriosus

Abbreviations: TOP, termination of pregnancy; CHD, congenital heart defect; VSD, ventricle septum defect; ASD, atrial septal defect; AVSD, atrioventricular septal defect;
APVR, anomalous pulmonary venous return; CoA, coarctation of aorta; PS, pulmonary valve stenosis; IAA, Interrupted aortic arch; MA, mitral atresia; SV, single ventricle;
PA, pulmonary atresia; TGA, transposition of the great arteries; d-TGA, dextro-transposition of the great arteries; CCTGA, congenitally corrected transposition of the
great arteries; I-TGA, levo-transposition of the great arteries.
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Discussion

Principal Findings

In our population, the incidence of TOP increased with increasing complexity of prenatally diagnosed CHD. The TOP
rate among women whose fetuses were diagnosed with isolated CHD was 6.0% in the low-complexity group, 54.2% in
the moderate-complexity group and 99.1% in the high-complexity group.

Results for What is Known

In this study, there were significant differences in maternal age and gestational age between women who continued their
pregnancies and those who chose TOP. However, there was no significant difference in maternal age among women
whose fetuses were diagnosed with isolated CHD. In terms of the complexity of CHD, with increasing complexity, the
TOP rate among women whose fetuses were diagnosed with isolated CHD increased significantly, and there was
a significant difference between the low-complexity group and the moderate-complexity group or high-complexity
group. These results are consistent with previous studies.'”

Clinical and Research Implications

In Qingdao, a total of 99.1% of parents whose fetuses were diagnosed with isolated high-complexity CHD chose
voluntary TOP; when parents are told that their fetus has CHD, their feelings and thoughts about whether to terminate or
continue pregnancy are greatly impacted. Therefore, the process of consultation and notification has become particularly
important. In this process, doctors should not only pay attention to the disease itself but also pay attention to parents’
emotional and psychological changes. The inclusion of a psychiatrist in this process should be considered. In addition,
prenatal diagnosis of CHD can reduce the mortality of critical and complex CHD and improve the prognosis.'®'? This
study showed that prenatal diagnosis of CHD greatly contributes to voluntary TOP, and how to best use such prenatal
diagnosis is worthy of further study.

Strengths and Limitations

To our knowledge, this is the first population-based study on the intrauterine diagnosis of CHD in China; it focused on
the decision that parents must make regarding whether to terminate or continue the pregnancy. Second, the research team
was composed of experienced pediatric cardiologists, obstetric experts, specialists in fetal medicine and genetic experts.
After prenatal diagnosis of CHD, the same team plays a key role in providing information and consultative support for
the couple.

In this study, the TOP rate among women whose fetuses were diagnosed with isolated CHD was 6% in the low-
complexity group, 54.2% in the moderate-complexity group and 99.1% in the high-complexity group. These results may
be related to the following considerations. First, the traditional concept guiding Chinese parents is the desire to have
a healthy child. Parents are very frightened when they learn that their child has a congenital heart defect. Although
cardiac surgery technologies are currently very mature, parents still choose to terminate the pregnancy. Second, in China,
prenatal diagnosis of CHD is reported step by step, and when parents come to a tertiary medical center, they may have
already been informed that their fetus has CHD and received inappropriate counseling. Third, the cognitive dissonance
associated with a diagnosis of CHD is considerable, especially given the related therapeutic effects and costs of CHD
treatment. At present, CHD-related treatment technology is very mature, and the mortality rate is significantly lower than
before. However, in China, most of the treatment costs associated with CHD are borne by the government. There is
obvious dissonance in people’s cognition regarding these two aspects.

This study has several limitations. First, the duration of the study was approximately 2 years. In future work, we will
continue to collect data and evaluate the rate of voluntary TOP given the prenatal diagnosis of isolated CHD and its effect
on the disease spectrum. Second, the vast majority of patients in this study were of Chinese ancestry, and we were unable
to study the influence of race on pregnancy decisions. Third, the loss of follow-up data may have had an impact on the
observed TOP rate.

210 hetps: Risk Management and Healthcare Policy 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lu et al

Conclusion
The rate of voluntary TOP after the prenatal diagnosis of CHD increases significantly with increasing CHD complexity.

However, in our study population, the voluntary TOP rate was 6% for low-complexity CHD and nearly 100% for high-

complexity CHD. In addition, the rate of voluntary TOP with univentricular heart or isomerism was 100%.
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