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Abstract

Objective: To assess the prevalence and survival rate of newborns with a delayed diagnosis of

critical congenital heart defects (CCHD) in Beijing.

Methods: This retrospective study analysed data from births between 2010 and 2017 from the

Birth Defects Monitoring Network in Beijing. Newborns with CCHD were analysed according to

seven categories. Statistical analyses were used to calculate the mortality rate within the first

week (days 0–6) after live birth. Multivariate logistic regression analysis of survival was performed

to analyse the potential risk factors for newborn mortality.

Results: A total of 1 773 935 perinatal newborns were screened in Beijing and 1851 newborns

were diagnosed with CCHD, showing a prevalence of 10.43 per 10 000. Among the total 1851

CCHD patients, the majority (1692 of 1851; 91.41%) were identified through prenatal diagnosis,

104 of 1851 (5.62%) were diagnosed before obstetric discharge/transfer and 55 of 1851 (2.97%)

were identified through delayed diagnosis. The prevalence of CCHD in newborns was 1.96 per

10 000 births. Multivariate logistic regression analysis of survival demonstrated that gestational

age at delivery was the only risk factor for death within the first week after birth.

Conclusions: Within the first week after birth, gestational age was the only risk factor for death

in newborns with CCHD.
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Introduction

Critical congenital heart defects (CCHD),
one type of the birth defect, are major
causes of neonatal death.1 In this current
study, CCHD were defined as structural
malformations of the heart that were pre-
sent at birth and required intervention in
the first year of life, which included the
seven categories of CCHD that were con-
sidered by the Secretary of Health and
Human Service’s Advisory Committee on
Heritable Disorders in Newborns and
Children.2 These seven categories of
CCHD are as follows: (i) tetralogy of
Fallot; (ii) complete transposition of the
great arteries; (iii) persistent truncus arteri-
osus; (iv) left ventricular dysplasia; (v) pul-
monary atresia; (vi) tricuspid atresia; and
(vii) total anomalous pulmonary venous
return.2 Thirty percent of new-borns suffer-
ing from CCHD die within 1 month after
birth without treatment.3 The timely treat-
ment of CCHD in newborns requires the
precise diagnosis either during the prenatal
process or after birth. Some newborns with
CCHD will have obvious clinical signs in
the nursery, but since a subset of affected
infants depend on circulation through the
ductus arteriosus, physical examination
might not detect cyanosis or other clinical
signs before transitions from fetal circula-
tion are completed, closure of the ductus
after discharge can be catastrophic and
responsible for unexpected deaths.4

Diagnosis of CCHD after birth is called
delayed diagnosis, which is regarded as one
of the risk factors for newborn death.5

Understanding the correlation between a
CCHD diagnosis at different stages and
newborn mortality is critical in order to
guide staged CCHD screening, with the
aim of increasing the survival rate of new-
borns suffering from CCHD. Systematic
statistical analysis of CCHD diagnosis and
outcomes has been undertaken in the US
and other countries.2,3,6–9 In the US,

suspected CCHD cases are usually screened
out from newborns within 24–48 h of birth
through the combination of percutaneous
oximetry and prenatal ultrasound.6,7

Neonatal percutaneous oximetry provides
a reliable approach for the precise diagnosis
of CCHD, which eventually decreases the
risk of newborn mortality.4 The prevalence
of CCHD among newborns in the US was
reported as 10.2/10 000.4,10 However, these
clinically significant results may not be
directly applicable to China, due to differ-
ent clinical settings. Therefore, a compara-
ble study to assess the prevalence rate of
CCHD with a delayed diagnosis and non-
delayed diagnosis at China is required.

Since 2003, hospitals in Beijing, China
began to screen and monitor CCHD
through the combination of prenatal ultra-
sound with neonatal physical examination
and auscultation, which provides a reliable
database for the evaluation of the impact of
a delayed diagnosis of CCHD. This current
study used this disease database collected in
Beijing between 2010 and 2017 to evaluate
the prevalence of CCHD and to determine
the correlation between CCHD diagnosed
at different stages with the outcome of new-
borns during their first week after birth.

Patients and methods

Data collection

This retrospective study collected data from
consecutive newborns through the Birth
Defects Monitoring Network in Beijing
between January 2010 and December
2017. All cases were extracted from a
province-wide hospital-based surveillance
programme in Beijing, China, with a mon-
itoring period from 13 weeks of gestation to
7 days after birth. A three-level (hospital,
district and province) surveillance network
and corresponding expert groups were
established to perform routine data assess-
ment. Information regarding individual
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birth defect cases (�13 weeks of gestation)
and summary of all births (live or stillbirths
�28 weeks of gestation) was collected by
the hospital staff and checked by the
expert groups at each level. In addition,
underreported cases of birth defects were
identified through an independent retro-
spective survey.

The diagnosis of CCHD was targeted to
the seven categories as follows: (i) tetralogy
of Fallot; (ii) complete transposition of the
great arteries; (iii) persistent truncus arteri-
osus; (iv) left ventricular dysplasia; (v) pul-
monary atresia; (vi) tricuspid atresia; and
(vii) total anomalous pulmonary venous
return.2Multiple diagnostic sources, includ-
ing birth defects and neonatal death moni-
toring data from medical institutions in
Beijing, were used to confirm the cases of
CCHD. All individual cases were subjected
to tertiary review and information quality
control by specialists.

This study was approved by the Ethics
Committee of Beijing Maternal and
Child Health Care hospital, Beijing,
China (no. 2019-KY-025-01). Informed
consent was not required as this was a ret-
rospective study.

Diagnostic and classification criteria

For each CCHD case, the collected data
included information regarding the primary
extra-cardiac symptoms, specific type of
heart defects, diagnostic basis, time to diag-
nosis, delivery date, location of maternity
wards and outcomes during the monitoring
period. For all CCHD cases, their echocar-
diography results were used as the diagnos-
tic basis.

The CCHD cases were classified into
three groups as follows: (i) isolated
CCHD; (ii) CCHD with extra-cardiac mal-
formation; and (iii) CCHD with syndrome.
The isolated CCHD cases were defined as
those with no extra-cardiac defects or
identifiable syndromes. CCHD with

extra-cardiac malformation were defined as
those cases with concomitant extra-cardiac
malformations or without identifiable syn-
dromes. CCHD with syndrome were those
newborns with concomitant syndromes.

The timing of diagnosis in this study was
divided into three time-points as follows: (i)
prenatal diagnosis; (ii) diagnosis before
obstetric discharge or transfer; and (ii) diag-
nosis after obstetric discharge or transfer.
Diagnosis after obstetric discharge/transfer
was defined as a delayed diagnosis.

Statistical analyses

All statistical analyses were performed
using the SPSSVR statistical package, version
12.0 (SPSS Inc., Chicago, IL, USA) for
WindowsVR . v2-test was used to evaluate
the mortality rate of newborns within the
first 7 days after birth. Multivariate logistic
regression was undertaken to identify the
number of live births. The cases with ther-
apeutic labour induction, trisomy 18, triso-
my 13, gestational age< 24 weeks and body
weight< 1000 g were excluded from the
multivariate logistic regression analysis. A
P-value< 0.05 was considered statistically
significant.

Results

This retrospective study recorded that
between 2010 and 2017, 1 773 935 perinatal
newborns were screened in Beijing and 1851
were diagnosed with CCHD, showing a
prevalence of 10.43 per 10 000. The new-
borns diagnosed with CCHD were grouped
into seven CCHD categories and the prev-
alence (per 10 000 births) of these subtypes
from high to low was 4.41 for tetralogy of
Fallot, 2.56 for complete transposition of
the great arteries, 1.18 for persistent truncus
arteriosus, 1.23 for left ventricular dyspla-
sia, 0.78 for pulmonary atresia, 0.52 for
total anomalous pulmonary venous return
and 0.37 for tricuspid atresia.
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The newborns with CCHD were ana-
lysed according to the different classifica-
tion criteria. Specifically, 1094 of 1851
(59.10%) were male, 719 of 1851 (38.84%)

were female; with the sex being unknown in
38 (2.05%) patients. According to the diag-
nosis standard, 1518 of 1851 (82.01%) of
CCHD patients belonged to the isolated
CCHD, 260 of 1851 (14.05%) had CCHD
with extra-cardiac malformation and 73 of

1851 (3.94%) had CCHD with syndrome.
Among the identified 1851 newborns

with CCHD, the majority (1692 of 1851;

91.41%) were identified through prenatal
diagnosis, 104 of 1851 (5.62%) were diag-
nosed before obstetric discharge/transfer
and 55 of 1851 (2.97%) were identified
through delayed diagnosis. Analysis of the
newborns with CCHD based on the year

(2010–2017) clearly demonstrated that the
proportion of newborns being diagnosed
at the three time-points varied from year
to year (Figure 1). Specifically, approxi-
mately 5% of patients had a delayed diag-
nosis in the years 2010–2012, but this

population decreased to approximately
2% during the years 2014–2017.

When the overall study cohort of

patients with CCHD were categorized
according to their CCHD category from
the 2010 to 2017, the data showed the fol-
lowing: (i) the majority of patients with
CCHD were identified through prenatal
diagnosis; and (ii) the CCHD population

identified as a result of delayed diagnosis
varied from 0% (none of 210 patients) to
15.05% (14 of 93 patients) (Figure 2).
Specifically, a delayed diagnosis did not
identify any of the patients with persistent
truncus arteriosus, while a delayed diagno-

sis was observed in 15.05% (14 of 93
patients) of the patients with total anoma-
lous pulmonary venous return.

Among the overall study cohort of new-
borns with CCHD (n¼ 1851), 1505 died

before birth, including 1337 therapeutic
labour induction and 168 intrauterine
deaths; the remaining 346 newborns were
born alive (prevalence, 1.96/10 000 births

[346 of 1 768 138 of monitored live
births]). Of these live births, 34 died
within the first week (i.e. days 0–6) after
birth (mortality, 0.02/1000 [34 of 1 768
138 of monitored live births]).

The prevalence and mortality rate of
CCHD live births were analysed according
to the timingof the diagnosis.Among the 346
CCHD live births, 55 patients (15.90%)were

identified through delayed diagnosis; with
189 and 102 patients undergoing prenatal
diagnosis or diagnosis before obstetric and
transfer, respectively (Table 1). Of these live
births, 34 died within the first week (i.e. days
0–6) after birth: seven of 55 patients in the

delayed diagnosis group, 21 of 189 patients
in the prenatal diagnosis group and six of 102
patients in the diagnosis before obstetric dis-
charge and transfer group. There were no
significant differences in the case fatality
rates for the three groups.

Of the 55 CCHD newborns identified
through delayed diagnosis, seven had
CCHD with extra-cardiac malformation

and they were still alive after the first
week of birth (Table 2). The remaining 48
patients had isolated CCHD and seven of
them died within the first week after birth.
In addition, data analysis showed that the
distribution of these 55 CCHD patients

among the seven categories of CCHD
varied from 0% (none of 14 patients) to
43.75% (14 of 32 patients).

Multivariate logistic regression analysis
of survival was performed for 346 live
births (excluding patients with therapeutic
labour induction, trisomy 18, trisomy 13,
gestational age < 24 weeks or body weight
< 1000 g) (Table 3). Gestational age at

delivery was the only risk factor for death
at 0–6 days after live birth (P< 0.001). The
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Figure 2. The proportion of newborns being diagnosed at the three stages of diagnosis stratified according
to the categories of critical congenital heart. The colour version of this figure is available at: http://imr.
sagepub.com.

Table 1. The timing of diagnosis and mortality outcomes at 0–6 days after the live birth of newborns
(n¼ 346) diagnosed with critical congenital heart defects.

Time of diagnosis Alive Dead Total Case fatality rate

Prenatal diagnosis 168 21 189 11.11%

Diagnosis before obstetric discharge/transfer 96 6 102 5.88%

Delayed diagnosis 48 7 55 12.73%

Total 312 34 346 9.83%

Figure 1. The proportion of newborns being diagnosed with critical congenital heart defects at the three
stages of diagnosis stratified according to the year of diagnosis. The colour version of this figure is available
at: http://imr.sagepub.com.
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timing of diagnosis, birth weight, maternity
ward level and occurrence of concomitant

extra-cardiac malformation were not signif-

icant parameters.

Discussion

This retrospective study analysed data from
a large database of 1 773 935 perinatal

Table 2. The mortality outcomes at 0–6 days after the live birth of newborns with a delayed diagnosis
(n¼ 55) of isolated critical congenital heart disease (CCHD) or CCHD with extra-cardiac malformation
stratified according to the categories of CCHD.

CCHD category

Live birth

cohort

n¼ 346a

Newborns with a delayed diagnosis n¼ 55

CCHD with extra-cardiac

malformation n¼ 7

Isolated CCHD

n¼ 48 Total

Alive Dead Alive Dead n %b

Total anomalous pulmonary

venous return

32 0 0 11 3 14 43.75

Tricuspid atresia 5 0 0 0 1 1 20.00

Pulmonary atresia 17 0 0 3 0 3 17.65

Complete transposition

of the great arteries

103 2 0 13 3 18 17.48

Tetralogy of Fallot 165 5 0 13 0 18 10.91

Left ventricular dysplasia 14 0 0 1 0 1 7.14

Persistent truncus arteriosus 14 0 0 0 0 0 0.00

Total 346 7 0 41 7 55 15.90

aThe total number of subtypes was 350 because four newborns had two categories of CCHD.
bProportion of newborns with a delayed diagnosis with the CCHD category compared with the overall cohort of

live births.

Table 3. Multivariate logistic regression analysis of potential risk factors for death at 0–6 days after the live
birth of newborns (n¼ 346) with a diagnosis of critical congenital heart disease.

Risk factors P-value Exp (B)

Exp (B) 95%

confidence interval

Lower limit Upper limit

The timing of diagnosis Prenatal diagnosis

Diagnosis before obstetric

discharge/transfer

Delayed diagnosis P¼ 0.347 0.607 0.214 1.719

Birth weight 1000–2499 g

>2500 g P¼ 0.774 1.233 0.295 5.156

Gestational age >34 weeks

25–33 weeks P< 0.001 0.031 0.006 0.155

Maternity ward level Two-level

Three-level P¼ 0.162 0.499 0.188 1.321

Extra-cardiac malformation No

Yes P¼ 0.844 0.861 0.194 3.821

Twins No

Yes P¼ 0.193 2.688 0.606 11.925
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newborns that included diagnostic informa-
tion collected from Beijing between 2010
and 2017 in order to: (i) systematically ana-
lyse the prevalence of CCHD; (ii) investi-
gate the correlation between the diagnosis
of CCHD at different time-points and mor-
tality outcomes in the first week of life; (iii)
evaluate the risk factors contributing to
newborn death in the first week of life.

This current study showed that the prev-
alence of CCHD (including therapeutic
labour induction and intrauterine death)
was 10.43/10 000 in Beijing, which was com-
parable to the CCHD prevalence (10.2/
10,000) identified in the US.4,10 Although
China and the US have different clinical
settings and monitoring techniques, the
comparable results indicate that these cur-
rent data from Beijing are reliable; having
been dependent upon the improvement in
diagnostic techniques, management policies
and a province-wide hospital-based moni-
toring programme. Specifically, prenatal
ultrasound screening for CHD was intro-
duced to Beijing in 2003, which was fol-
lowed by the initiation of physician
training for ultrasound screening in 2007
and the introduction of foetal echocardiog-
raphy in 2009.11In addition, expedited
referral of suspicious cases identified from
screening has improved access to prenatal
diagnostic services.11 Moreover, the profes-
sional quality control of screening has
improved each year since the addition of
outflow tracts to the screening views in
2014.12

Although the overall identified CCHD
prevalence in Beijing between 2010 and
2017 was 10.43/10 000, the CCHD preva-
lence among newborns was 1.96/10 000,
which was much lower than that identified
in the US (10.2/10 000).4,10 This current
study also observed 91.41% of CCHD
patients were identified through prenatal
diagnosis. Such a high prenatal diagnosis
rate might explain the low newborn
CCHD prevalence in Beijing. Low newborn

CCHD prevalence appears to be associated
with the widespread implementation of the
prenatal diagnosis service, which was pro-
moted by the National Regulation on the
Administration of Prenatal Diagnosis
Techniques since 2003 in mainland
China.13According to the National
Regulation, pregnant women are recom-
mended to have systematic ultrasound
examinations to screen for birth defects in
the second trimester and a pregnancy
affected by severe birth defects is legally
allowed to be terminated through a stan-
dardized process.13 As a consequence of
the widespread use of prenatal sonography,
a proportion of fetuses with CCHD could
be diagnosed prenatally and terminated
before 28 weeks of gestation, which might,
in part, result in the decrease in the new-
born CCHD prevalence. The increased pre-
natal diagnosis rate also appeared to lower
the number of newborns with a postnatal
diagnosis. The green channels between
local institutions and CHD centres have
increased the survival rate of newborns suf-
fering from CCHD, which eventually
decreased the mortality rate within the
first week after birth.14 Moreover, the
newly initiated ‘perinatal integrated diagno-
sis and treatment programme’ shortens the
postnatal transit interval, reduces the emer-
gency operation rate of neonatal CCHD
and provides better preoperative status for
surgery.15

To date, there have been no clinical
reports investigating the impact of a
delayed diagnosis of CCHD on newborn
mortality in China. In this current study,
the proportion of CCHD newborns identi-
fied as the result of a delayed diagnosis was
2.97% (55 of 1851 patients), which was
lower than that reported in the US and
other countries (4.3–22.9%).2,3,6–9 The mul-
tivariate logistic regression analysis of the
potential risk factors associated with mor-
tality in live birth newborns (considering
the exclusion criteria) showed that the

Zhang et al. 7



gestational age of premature infants was the
only risk factors for newborn death within
the first week after birth. It was reported
that the gestational age of premature
infants, with a weight of < 2500 g, was a
risk factor for CCHD-related death.16

However, previous studies demonstrated
that a delayed diagnosis of isolated
CCHD was a risk factor for CCHD-
related death.5,17 These discrepancies
between the studies might be due to several
possible reasons. First, different definitions
of a delayed diagnosis have been used. In
previous studies, the diagnosis of CCHD at
3 days after birth was defined as a delayed
diagnosis.4However, in this current study, a
delayed diagnosis was defined as a diagno-
sis that was made after obstetric discharge/
transfer. This was because that the data spe-
cific to postnatal diagnosis 3 days after
birth were not collected by the obstetric
birth defect monitoring system in Beijing.
Secondly, the high rate of prenatal diagno-
sis and therapeutic labour induction in
Beijing, which might produce a bias in the
severity of malformations in affected new-
borns, decreased perioperative deaths.
Thirdly, the studies had different postnatal
CCHD screening methods, monitoring of
mortality and rates of autopsy. In the US,
a delayed diagnosis was performed in
maternity wards within 24–48 h of birth
with percutaneous oximetry;7,8 while in
Beijing, the combination of neonatal phys-
ical examination, auscultation and echocar-
diography was used to perform the delayed
diagnosis of suspicious cases, which was
followed-up by community physicians
using percutaneous oximetry at 3–7 days
after obstetric discharge.18The endpoint of
the hospital-based birth defects surveillance
system is 7 days after birth in China.19 This
might have resulted in an underestimation
of the prevalence and mortality rate of
CCHD in China. In addition, some other

factors may contribute to an underestima-
tion of the prevalence of CCHD and mor-
tality rate in Beijing, including the
difference in the diagnosis rates between
different hospitals, different definitions of
target cases for CCHD, short monitoring
periods and changes in the monitoring
policy (including implementing foetal echo-
cardiography and hospital monitoring of
birth defects in paediatric institutions from
2009). To improve this situation, the perfor-
mance of expensive neonatal percutaneous
oximetry in maternity wards in Beijing is a
possible solution, but further health and
economic evaluations are required. In addi-
tion to screening costs, future healthcare
and educational costs for children with
CCHD and health sector expenses for sup-
porting and monitoring CCHD screening
policies must be considered.

In conclusion, this retrospective study
systematically analysed the prevalence of
CCHD, as well as investigating the correla-
tion between the timing of the diagnosis
and the resulting mortality rate, based on
a very large database over an 8-year collec-
tion period in Beijing. This current study
demonstrated the latest status of CCHD
patients in Beijing, which may provide valu-
able reference for future interventions in
China and other countries that have a
high prenatal diagnosis rate and therapeutic
labour induction rate.
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