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Background: The purpose of this study was to explore the clinical
value and prognosis of the ''prenatal diagnosis-postnatal treatment''
model for fetuses with complex congenital heart disease (CHD) by
directly comparing the outcomes between prenatal and postnatal di-
agnosis. Methods: A total of 126 infants with complex CHD diagnosed
by prenatal diagnosis and 160 infants with complex CHD diagnosed
by postnatal diagnosis in Guangdong Provincial People's Hospital
from January 2012 to December 2017 were enrolled in this retrospec-
tive study. The gestational age, birth weight, delivery mode, post-
partum termination rate, qualified rate of follow-up assessment of
pediatric heart surgery, postoperative complications, postoperative
death, time of ventilator weaning, the length of postoperative hospi-
tal stay and prognosis were compared between the two groups. Re-
sults: There were no significant differences in delivery mode, prema-
ture birth rate, gestational age, birth weight, and mean maternal age
between the two groups (p > 0.05). However, frequencies of termi-
nating treatment after birth and postoperative complications were
significantly higher in postnatal diagnosis group compared with pre-
natal diagnosis group (p<0.05), while qualified rate of follow-up as-
sessment of pediatric cardiac surgery was significantly lower in post-
natal diagnosis group in comparison with prenatal diagnosis group
(p < 0.05). Moreover, postoperative complication rate was signifi-
cantly higher in the postnatal diagnosis group than prenatal diag-
nosis group (p < 0.05). Conclusion: Prenatal diagnosis can reduce
postoperative complications after cardiac surgery and improve clini-
cal prognosis for fetuses with complex CHD.
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1. Introduction
Congenital heart disease (CHD) is the most frequent con-

genital disorder in newborns, and it is also the most com-
mon type of structural malformation of heart and large blood
vessels [1]. Complex CHD refers to tetralogy of Fallot, pul-
monary atresia, double outlet right ventricle, transposition
of great arteries, left ventricular dysplasia, right ventricular
dysplasia, complete anomalous pulmonary venous drainage,
complete endocardial cushion defect, interrupted aortic arch
and other complex cardiovascular malformations. There was
an estimated incidence of 0.6% to 0.8% in China each year

[2]. According to theNational Center for BirthDefectsMon-
itoring in China, the incidence of CHD has a steep rise from
the fifth to the most common birth defect from 2005 to 2009
[3, 4]. The phenotype of CHD is usually related to other
cardiac and/or extracardiac malformations and genetic syn-
dromes [5]. Patients with congenital heart disease require
surgical intervention, intensive medical management, and
multidisciplinary follow-up [6]. In addition, serious CHD is
one of the main causes of the death or disability of the new-
born and children, which seriously affects the quality of the
born population and brings heavy mental and economic bur-
den to the family and society.

With the wide application of prenatal diagnosis, such as
echocardiography, many fetal complex CHD can be diag-
nosed earlier and more accurately. According to the results
of echocardiography, doctors canmake a prediction and eval-
uation of the outcome and prognosis of these fetuses with
complex CHD, and provide professional guidance for preg-
nant women and their families [7]. Furthermore, it has been
reported that the postnatally diagnosed neonates with CHD
were much more likely to present with cardiovascular com-
promise and multi-organ dysfunction [8].

In response, a CHD network has been established in
our institution based on the integrated “prenatal diagnosis-
postnatal treatment” model. Therefore, in the present study,
we aimed to explore the clinical value and prognosis of the
“prenatal diagnosis-postnatal treatment” model for fetuses
with CHD by directly comparing the outcomes between pre-
natal and postnatal diagnosis.

2. Subjects andmethods
2.1 Study subjects and grouping

A total of 126 infants with complex CHD diagnosed by
prenatal diagnosis (prenatal diagnosis group) and 160 infants
with complexCHDdiagnosed by postnatal diagnosis (postna-
tal diagnosis group) in Guangdong Provincial People’s Hos-
pital from January 2012 to December 2017 were enrolled in
this retrospective study. All infants in the prenatal diagno-
sis group were delivered at our hospital and their mothers
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had received prenatal diagnosis and decided to protect the
fetus after prenatal consultation. After delivery, the infants
were transferred to the neonatal intensive care unit (NICU)
for further diagnosis and treatment. Infants in the postnatal
diagnosis group were tentatively diagnosed after delivery at
local hospitals and transferred to the NICU of our hospital
within 72 h. This retrospective study was approved by the
ethics committee of Guangdong Provincial People’s Hospi-
tal, Guangdong Academy of Medical Sciences. All subjects or
their families provided informed written consent.

2.2 Data collection
Some infants in the two groups were received cardiac

surgery if they were advised to undergo surgical treatment
because of the severe life-threatening congenital heart dis-
ease. The clinical data of infants and their mothers, including
general characteristics, medical records of surgical operation,
postoperative complications and follow-up (6 months) were
collected.

2.3 Evaluation indexes
The gestational age, birth weight, delivery mode, post-

partum termination rate, qualified rate of follow-up assess-
ment of pediatric heart surgery, postoperative complications,
postoperative death, time of ventilator weaning, the length
of postoperative hospital stay and prognosis were compared
between the two groups.

2.4 Statistical analysis
All data were analyzed using the Statistical Package for

the Social Sciences (SPSS) version 23.0 (IBM; Chicago, IL,
USA). Univariate descriptive statistics are expressed asmeans
± standard deviation (SD). The differences between the two
groups of continuous variables were evaluated by Student t
test, and the differences between the two groups of classified
variables were evaluated by Pearson’sχ2 test or Fisher’s exact
test. p < 0.05 (two-tailed) was considered statistically signif-
icant.

3. Results
3.1 Comparison of delivery mode and CHD type between the two
groups

A total of 182 pregnancies with CHD fetus occurred in our
hospital. However, there were only 126 live births and they
were considered as the prenatal diagnosis group. Moreover,
160 infantswhichwere transferred from local hospitals to our
hospital constituted the postnatal diagnosis group. The de-
livery modes and CHD types in the two groups were shown
in Table 1. Complex CHD types in fetuses included single
ventricle, complex single ventricle, hypoplastic left heart syn-
drome (HLHS), dextro-transposition of the great arteries (D-
TGA), tetralogy of Fallot (TOF), isolated arch anomaly, arch
anomaly with additional anomaly, interrupted aortic arch,
total anomalous pulmonary venous return (TAPVR), pul-
monary valve stenosis, double-outlet right ventricle and tri-
cuspid valve dysplasia. After prenatal consultation at our
institution, 56 mothers chose induced labor to the termi-

nation of pregnancy in the 4–5 months of pregnancy, and
the types of CHD included nine single ventricle, eight com-
plex single ventricle, one HLHS, five D-TGA, twelve TOF,
one arch anomaly with additional anomaly, one interrupted
aortic arch, eleven pulmonary valve stenosis, seven double-
outlet right ventricle, and one double-outlet right ventricle
with malposed great vessels case. The remaining 126 women
determined to plan the birth in our hospital. After birth, the
infants were transferred to the NICU for subsequent treat-
ment. In the postnatal diagnosis group, 160 infants were de-
livered at local hospitals, tentatively diagnosed with complex
CHD, and transferred to our NICU within 72 h after birth.
The number of infants who had D-TGA was notably de-
creased in prenatal diagnosis group than those in postnatal
diagnosis group (p < 0.01), while the number of faints who
had TOFwas markedly increased in prenatal diagnosis group
than that in postnatal diagnosis group (p < 0.01). The other
types of CHD between the two groups were not significantly
different (p > 0.01). Moreover, the number of abortions in
the prenatal diagnosis group was 56 (30.76%).

3.2 Comparison of pregnancy outcomes and clinical prognosis
between the two groups

There were no significant differences in delivery mode,
premature birth rate, gestational age, birth weight, gesta-
tional age, death rate after birth and the numbers of infants
scheduled for cardiac surgery during and after the neonatal
period between the two groups (p > 0.05). However, the
number of cases inwhich treatmentwas terminated bymoth-
ers after birth was significantly higher and the number of in-
fants eligible for follow-up was significantly lower in post-
natal diagnosis group in comparison with those in prenatal
diagnosis group, respectively (p < 0.05) (Tables 2,3).

3.3 Comparison of clinical prognosis after cardiac surgery between
the two groups

There were 73 infants in the prenatal diagnosis group and
84 in the postnatal group who needed to receive urgent post-
natal surgery. The postoperative death rate, postoperative
survival rate, postoperative time of ventilator weaning, and
length of postoperative hospital stay did not differ signifi-
cantly between the two groups (p> 0.05), whereas postoper-
ative complication ratewas significantly higher in the postna-
tal diagnosis group than prenatal diagnosis group (p < 0.05)
(Table 4). Postoperative complications included pulmonary
infection, septicemia, poor healing, infection of the surgi-
cal incision, necrotizing enteritis, pericardial tamponade, and
pneumothorax.

4. Discussion
As themost common birth defect in China, complex CHD

is a major public health concern. It severely affects physical
health, mental health, and quality of life of infants. It is also a
major complication for family planning in China. Pregnan-
cies in which the fetuses present a CHD have higgher rates
of preclampsia, small for gestational age (SGA) and preterm
birth [9]. Early diagnosis and treatment can reduce the mor-

Volume 48, Number 6, 2021 1359



Table 1. The types of CHD between the two groups [n (%)].
CHD types Prenatal diagnosis (n = 182) Postnatal diagnosis (n = 160) OR (95% CI) p value

Single ventricle (all) 21 (11.54) 20 (12.50) 1.10 (0.57–2.10) 0.79
Complex single ventricle 11 (6.04) 19 (11.88) 2.10 (0.27–1.20) 0.06
HLHS 2 (1.10) 0 (0.00) 0.99 (0.97–1.01) 0.50
D-TGA (all) 41 (22.53) 60 (37.50) 2.06 (1.29–3.31) <0.01
D-TGA (intact ventricular septum) 19 (10.44) 43 (26.88) 3.15 (1.75–5.69) <0.01
D-TGA (ventricular septal defect) 22 (12.09) 17 (10.63) 0.87 (0.44–1.69) 0.67
TOF 32 (17.58) 8 (5.00) 0.25 (0.11–0.55) <0.01
Isolated arch anomaly 4 (2.20) 2 (1.25) 0.56 (0.10–3.12) 0.69
Arch anomaly with additional anomaly 14 (7.69) 6 (3.75) 0.47 (0.18–1.25) 0.12
Interrupted aortic arch 6 (3.30) 5 (3.13) 0.95 (0.28–3.16) 0.93
TAPVR 7 (3.85) 12 (7.50) 2.03 (0.78–5.28) 0.14
Pulmonary valve stenosis 35 (19.23) 39 (24.38) 1.35 (0.81–2.27) 0.25
Double-outlet right ventricle 13 (7.14) 4 (2.50) 0.33 (0.11–1.04) 0.08
Double-outlet right ventricle with malposed great vessels 4 (2.20) 1 (0.63) 0.28 (0.3–2.53) 0.38
Tricuspid valve dysplasia 3 (1.65) 3 (1.88) 1.14 (0.23–5.73) 0.87
The number of abortions 56 (30.76) 0 (0.00) 0.19 (0.13–0.34) <0.01

OR, odds ratio; CI, confidence interval; HLHS, hypoplastic left heart syndrome; D-TGA, dextro-transposition of the great arteries; TOF,
tetralogy of Fallot; TAPVR, total anomalous pulmonary venous return.

Table 2. Patient characteristics and demographics.
Items Prenatal diagnosis (n = 126) Postnatal diagnosis (n = 160) OR (95% CI) p value

Male sex [n (%)] 80 (63.49) 119 (74.38) 1.67 (1.01–2.77) 0.03
Mode of delivery: cesarean section [n (%)] 50 (39.68) 57 (35.63) 1.19 (0.734–1.93) 0.48
Preterm birth (GA<37 wk) [n(%)] 14 (11.11) 18 (11.25) 1.01 (0.48–2.13) 0.97
GA at birth (week) 37.99 ± 2.03 38.46 ± 1.70 0.97
Birth weight (g) 28829.76 ± 502.21 3033.78 ± 535.61 0.41
Mean maternal age (years) 29.87 ± 4.72 30.04 ± 4.51 0.54

GA, gestational age.

bidity and mortality rates of CHD in fetuses. In developed
countries, the diagnostic rate of fetal CHD is as high as 90%
and the cure rate with early intervention has reached 80%
[2, 10]. In the past 8 years, a CHD network has been estab-
lished in our hospital according to the integrated “prenatal
diagnosis-postnatal treatment” model. Pregnancy termina-
tion should be considered for severe and untreatable cardiac
defects to reduce the birth rate and postnatal death rate of in-
fantswith complexCHD.Almost half of infantswith complex
CHD can be diagnosed within 28 weeks of pregnancy. For
certain complex CHD cases, the decision to induce labor or
perform scheduled cardiac surgery is determined after com-
prehensive consultation between the mother and her physi-
cians [11]. For CHD infants scheduled to receive treatment,
the delivery mode can be chosen according to the physician’s
advice, and vaginal delivery is usually the safest option [12].

In this study, 56 pregnant women whose fetuses was di-
agnosed as CHD by prenatal diagnosis chose induced la-
bor to the termination of pregnancy in the 4–5 months of
pregnancy, which eliminated the births of fetuses with se-
vere life-threatening CHD, while postnatal diagnosis failed
to avert the birth of infants with severe or untreatable com-
plex CHD. However, early screening and treatment of CHD
cannot be performed in many Chinese hospitals, especially

primary hospitals. Thus, effective approaches for early pre-
vention and treatment are urgently required.

In China, prenatal screening of fetal CHDmainly depends
on fetal echocardiography. In recent years, new technologies,
including three-dimensional and four-dimensional echocar-
diography, magnetic resonance imaging, and fetal magneto-
cardiography, have been adopted to improve the prenatal di-
agnosis rate [13]. In primary Chinese hospitals, many infants
with complex CHD die soon after birth due to lack of ex-
pertise and medical technologies, and the surviving CHD in-
fants must be referred to major centers for subsequent treat-
ment. However, an array of issues may disrupt the efficient
referral, including unclear referral pathways, lack of a refer-
ral network between large and primary hospitals, insufficient
staff, and poor transportation equipment. Lack of accesses
of diagnostic and therapeutic technologies for complex CHD
leads many physicians in primary hospitals to abandon ther-
apy for treatable CHD. In the present study, the diagnosis was
not confirmed in the postnatal diagnosis group before admis-
sion to our institution. After diagnosis of complex CHD was
validated, subsequent treatment was abandoned in 45 cases.
While in the prenatal diagnosis group, treatment was termi-
nated in only 10 of 126 (7.94%) cases. In addition, the number
of infants eligible for follow-upwas significantly higher in the
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Table 3. Postnatal outcome in the two groups [n (%)].
Items Prenatal diagnosis (n = 126) Postnatal diagnosis (n = 160) OR (95% CI) p value

Death after birth 4 (3.17) 4 (2.50) 0.78 (0.19–3.19) 0.74
Give up treatment 10 (7.94) 45 (28.13) 4.54 (2.18–9.44) <0.01
Surgical treatment in neonatal period 73 (57.94) 84 (52.50) 0.80 (0.50–1.29) 0.36
Percutaneous therapy 1 (0.79) 1 (0.63) 0.79 (0.05–12.69) 0.69
Surgical treatment after neonatal period 9 (7.14) 10 (6.25) 0.87 (0.34–2.20) 0.76
Follow up 29 (23.02) 16 (10.00) 0.37 (0.19–0.72) <0.01

Table 4. Postoperative outcomes in the two groups.
Items Prenatal diagnosis (n = 73) Postnatal diagnosis (n = 84) OR (95% CI) p value

Survival, all patients [n (%)] 62 (84.93) 77 (91.67) 1.96 (0.71–5.33) 0.19
Surgical complications [n (%)] 44 (60.27) 68 (80.95) 2.28 (1.37–5.75) <0.01
Postoperative mortality [n (%)] 11 (15.07) 7 (8.33) 1.96 (0.71–5.33) 0.19
Median length of hospital stay (day) 29.28 ± 14.82 26.18 ± 11.83 0.12
Time of ventilator weaning (h) 5.73 ± 4.07 4.88 ± 3.91 0.24

prenatal diagnosis group than that in the postnatal diagnosis
group (p< 0.05), suggesting that accurate prenatal diagnosis
and timely pregnancy termination can mitigate the harm to
the mother and family and enhance the clinical prognosis of
delivered infants.

Infants with CHD must be closely monitored during the
neonatal period. Therefore, these infants should be deliv-
ered in the monitoring center of a tertiary hospital if pos-
sible to reduce the incidence of complications and ventila-
tor time, and lower the risks conferred by antibiotics use and
emergency surgery [14]. In this study, prenatal diagnosis of
CHDwas not associatedwith reduced preoperative or predis-
charge mortality, which was consistent with a previous find-
ing [15]. Furthermore, the time to ventilator weaning after
cardiac surgery and the length of postoperative hospital stay
did not differ between the two groups. However, the num-
ber of infants with postoperative complications was signif-
icantly higher in the postnatal diagnosis group, which con-
firmed the certain safety advantages of “prenatal diagnosis-
postnatal treatment”. The apparent discrepancy between ac-
tual complication rate and other complication indices may be
due to the limited sample size and warrants further inves-
tigation. The outcome of fetuses with CHD shows and in-
crease rata of SGA, particularly with small head circumpher-
ence [16].

The results of this study are consistent with the previ-
ous findings that prenatal diagnosis of left ventricular dys-
plasia syndrome can significantly improve right ventricular
function after birth and reduce the risk of metabolic acido-
sis and terminal organ dysfunction [17]. Prenatal counsel-
ing involves providing an accurate diagnosis of CHD, clearly
explaining complex medical information to parents in cri-
sis, including management options and outcomes, preparing
parents for the delivery and disease course after birth, which
supports them through the process of decision-making and
throughout the pregnancy. Improved prenatal detection of
CHD is needed in order to provide parents important oppor-

tunity for counseling and education to optimize outcomes in
infants with CHD [18]. For newborns who were likely to
benefit from treatment for critical CHD, such as the absence
of additional risk factors and/or the family who was com-
mitted to treatment, prenatal diagnosis reduced the risk of
death prior to planned cardiac surgery in comparisonwith in-
fants with a comparable postnatal diagnosis [19]. Due to lack
of prenatal diagnosis, some newborns with untreatable CHD
are inevitably delivered, while others may not receive proper
treatment during the neonatal period, especially if delivered
at local hospitals. Therefore, the integrated model of “pre-
natal diagnosis-postnatal treatment” is highly recommended
and derserves widespread application. In addition, the estab-
lishment of a monitoring network for complex CHD, includ-
ing a standardized prenatal screening and diagnostic system,
are key to improving coverage rate and postnatal outcomes.

5. Conclusions
In conclusion, integrated “prenatal diagnosis-postnatal

treatment” model can confirm prenatal diagnosis, reduce
complications after cardiac surgery, improve clinical prog-
nosis, and decrease the birth rate of infants with untreatable
complex CHD, thereby alleviating economic and emotional
burdens on families.
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