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ABSTRACT

Background Congenital heart defects (CHD) is the most
common type of birth defect and a leading cause of infant
mortality in China. Detection of CHD during newborn is still
challenging. The contradiction between the increasingly
mature technology of diagnosis and treatment and the
inability of early detection is the biggest current dilemma.
A few pilot studies attempt to establish the universal
screening for CHD in newborns; however, the rate of
misdiagnosis is still high in most Chinese hospitals,
especially in some undeveloped middle-western regions.
Data sources Based on the recent publications on
screening of congenital heart diseases in China. We
reviewed the use of diversified screening strategies in
current China.

Results Prenatal diagnosis by fetal echocardiography

and postnatal detection by pulse oximetry combined

with clinical assessment are the useful methods for CHD
screening in most areas. The altitude should be taken into
account when using pulse oximetry in the middle-western
areas of China, where the incidence of CHD maybe

higher. Echocardiography is suitable for CHD screening in
almost all areas but it could add to financial burden in the
developing regions. Genetic analysis could assist clinical
doctors to perform more earlier screening and give better
counseling regarding the outcome. Due to disparities in
economic and medical resources, the screening system
should be carried out from multiple perspectives according
to the present economic development. Notably, follow-up is
an important issue in the screening of CHD, especially for
the asymptomatic babies who discharged home. Policies
should be formulated to address the epidemiology of CHD
in deprived areas to better allocate medical resources

and to develop local training programmes to screen and
diagnose CHD.

Conclusions Diversified strategies are available in current
China. The two-indicator method for CHD screening is
recommended to be implemented in routine postnatal care.
We can do more in screening for CHD in the future.

INTRODUCTION

The overall prevalence of congenital heart
defects (CHD) is 8.98 per 1000 live births
in China,' of which including two to three
neonates with critical CHD (CCHD) which
can cause death or requiring invasive surgical
intervention during neonatal period.> CHD
is the most common type of birth defect
and a leading cause of infant mortality in
recent years in China.” In 2016, there were

17.9 million newborns. After adoption of the
universal two-child policy since 2015 in China,
the incidence of CHD may be increased as
a result of high proportion of women with
high maternal age. Though with such high
incidence of CHD and large population of
patients with CHD, the rate of misdiagnosis of
CHD before discharge from maternity hospi-
tals is still quite high until 2017.* Without
timely detection and treatment, approxi-
mately one-third of children with CHD would
die in the infant period because of severe
anoxia, heart failure, pneumonia or other
serious complications. While those survive
with missed or delayed diagnosis would have
poor life quality. Late CCHD detection was
proved to be significantly associated with 52%
more admissions, 18% more hospitalized
days and 35% higher inpatient costs during
infancy.5 More seriously, the prenatal detec-
tion rate of CCHD was reported to be only
14.04%. As a whole, 52.51% of CCHD cases
were undiagnosed at discharge, and 14.09%
were still missed after 6-week examination.*
Therefore, it is very necessary to screen for
CHD in the early neonatal period.
Combined with advances in therapeutic
interventions, early detection can enable
most children with CHD to have normal
productive lives.” Although the great progress
in the field of the diagnosis and treatment of
CHD has been achieved, as a low-income and
middle-income country, there are tremen-
dous variations in socioeconomic status in
China, access to antenatal screening and
pediatric cardiological care and perfor-
mance and quality of healthcare across
regions and facilities. At present, the contra-
diction between the increasingly mature
technology of diagnosis and treatment and
the inability of early detection is the biggest
current dilemma in China.” The National
Health Council of China had launched the
neonatal CHD screening in more than 20
provinces and regions since 30 July 2018.
Routine neonatal screening for CHD is still
at the pilot stage and has not yet been widely
adopted in many Chinese hospitals, especially
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in undeveloped middle-western China. In addition, the
prevalence of CHD shows significant spatial clustering
pattern in different regions of China.®” This screening
system should be carried out from multiple perspectives
according to the present economic development and
according to the different regions. In this review, we will
summary the present situation and progress of CHD
screening in China. Furthermore, we will analyze the
advantages and disadvantages of the CHD early detec-
tion methods, as well as highlight the cost-effectiveness in
neonatal screening for CHD in current China.

Prenatal screening

Prenatal diagnosis of CHD plays a substantial role in
improving the outcome of fetal CHD by contributing to
optimized perinatal management and providing parents
with useful information to make a decision regarding
their pregnancy.'’ Fetal echocardiography examina-
tion has become the most important technique in the
prenatal detection of CHD."" However, the reported
detection rates through fetal cardiac ultrasound exami-
nation were still at low level: 25%—65.5% for any CHD'**
and 49%-77% for CCHD' worldwide. A considerable
proportion of fetuses with major CHD are not diagnosed
prenatally, even when combined with those identified
through clinical assessment, a significant diagnostic
gap remains.”” The use of fetal echocardiography for
detecting CHD is still limited in China. Variation in
detection rates depend on both type of lesion and facility.
In China, a study indicated that detailed fetal echocar-
diography performed by skilled physicians had high
detection rate for major CHD. However, its value for
detecting minor CHD was limited. The overall detection
rates by fetal echocardiography examination are 93.8%
in high-risk pregnant women and 47.5% in low-risk preg-
nant populations. The sensitivity and specificity of fetal
echocardiography in detecting any CHD are 33.9% and
99.8%, respectively, in the low-risk population and 68.8%
and 99.4%, respectively, in the high-risk population.'’
In the study of survey of the patients with CCHD who
had duct-dependent CHD and any cyanotic CHD that
required early surgery, the prenatal detection rate was
14.4%.* In another study on evaluating the effectiveness
of prenatal screening for CHD and its impact on fetal
outcome in China,16 the overall incidence of fetal CHD
was 1.5%. Using the basic cardiac ultrasound exami-
nation to screen for fetal heart malformations in the
general population and the extended cardiac ultrasound
examination to screen those with high risk of fetal CHD,
57.6% of fetal CHD cases were identified in China, which
is lower than the 82.1%-86.96% detection rate recorded
by some developed countries.'”'® These data suggest that
the fetal echocardiography training programme in China
requires strengthening to further improve the accuracy
of prenatal screening for CHD. In China, ultrasound
screening is performed by physicians trained in obstetric
ultrasonography rather than by technician sonographers,
which is the common practice in many other countries.

Therefore, it may be possible to train these physicians,
who have substantial knowledge of fetal cardiovascular
anatomy and physiology, and integrate detailed fetal
echocardiography in routine second trimester screening.
Furthermore, in China, ultrasound screening exam-
inations for fetal anomalies are typically conducted
in regional tertiary obstetric centers and secondary
obstetric hospitals. Pregnant women suspected of having
fetal cardiac abnormalities on ultrasound screening and
those with other indications are recommended to take
detailed fetal echocardiography in these obstetric centers
and hospitals. The incorporation of fetal echocardiog-
raphy with multiple cardiac views into routine ultrasound
screening may improve the detection rate of fetal major
CHD and facilitate appropriate parental counseling.
The detection rate of fetal ultrasound is increasing year
by year in China though it is still lower than the devel-
oped countries now. The improvement can be attributed
in part not only to extension of the examination to the
outflow-tract view but also to technological developments
and better training of the operators.'’ '

Postnatal detection

Detection of CHD during newborn assessment is still
challenging, though screening in the neonatal period
has become a consensus. Before CCHD added to the US
Recommended Uniform Screening Panel for newborns,
a considerable portion of CCHD was not detected during
the birth hospitalization. Clinical examination is unable
to detect all forms of CHD." Visible cyanosis is not able
to be seen by human eye until oxygen saturation levels
are near 80% or lower. Also, heart murmurs, one of the
hallmarks of non-critical heart disease typically diag-
nosed later in life may be absent in many of the critical
forms of CHD or misleading because of the underlying
anatomy, prolonged decline of pulmonary vascular
resistance or reduced ventricular function. In addition,
neonates may not become symptomatic until closure of
the ductus arteriosus and foramen ovale and transition
between fetal and newborn circulation is complete. Vari-
ation in rates around detection depend both on types of
lesion and facility.”*' It is reported that 52.51% of CCHD
cases who had duct-dependent CHD and any cyanotic
CHD that required early surgery after born were undi-
agnosed and 14.09% were still missed after 6 weeks of
examination.* The fact suggests that the rate of misdiag-
nosis of CCHD before discharge from maternity hospi-
tals is still high in China. It is consistent with the results
of surveys worldwide.” This problem may be aggravated
by recent trends to earlier discharge and other changes
in postnatal care.” The most frequently missed lesions
included critical coarctation of the aorta, total anoma-
lous pulmonary venous connection, pulmonary atresia
with ventricle septal defect, single ventricle and crit-
ical. These defects should be regarded as the targets of
neonatal screening. However, it has been argued that
‘the use of prenatal ultrasound, close clinical observation
during the transitional period and thorough physical
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examination alone’ may be sufficient for timely diagnosis
of CCHD.** This may be true in the specific setting of this
single-center study, but the prerequisites mentioned are
probably not encountered in most hospitals or maternity
units.”” China is the largest low-income and middle-in-
come country in the world, with an annual birth rate of
roughly 16 million. Nearly 5.6% of newborn babies have
a birth defect, 27% of which is CHD.? Therefore, a reli-
able and feasible strategy for detecting CHD in neonates
is needed.

Pulse oximetry (POX) in CHD screening
POX has been shown to be simple, quick, non-invasive,
inexpensive and acceptable to both staff and parents.*® *’
The algorithm recommended involves screening meas-
urements on two limbs, the right hand of the infant
(preductal measurement) and either foot (postductal
measurement). Using POX to assist in the detection
of CHD has met the criteria for universal newborn
screening. Based on the evidence provided by several clin-
ical studies, POX has been recommended as a strategy for
CHD screening in neonates by the American Academy of
Pediatrics.*® More and more countries have introduced
this screening as a routine practice.”” During the past few
years, several pioneering studies have provided compel-
ling evidences for the addition of POX to fetal ultrasound
screening and routine clinical assessment as a comple-
mentary method for detection of CCHD in China which
is the largest low-income and middle-income country in
the world.” * Data from the studies suggested that all
cases with CCHD and 94% of cases of major disease cases
could have been detected by POX plus clinical assess-
ment (two-indicator) before discharge. In asymptomatic
newborn babies, the two-indicator method was 93.2% for
CCHD and 90.2% for major disease. The addition of POX
to clinical assessment improved sensitivity for detection
of CCHD from 77.4% to 93.2%. The false-positive rate for
detection of critical disease was 2.7% for clinical assess-
ment alone and 0.3% for POX alone. The sensitivity of
combined POX with auscultation screening method was
95.5% for CCHD and 92.1% for major CHD. In addition,
POX could significantly enhance the early detection of
CCHD in neonatal intensive care units (NICU).*" In two
large sample, prospective, multicenter studies, the two-in-
dicator detection method is well documented to signifi-
cantly improve detection rates with reasonable false-posi-
tive rate.” * This simple and accurate combined method
was recommended to be used in maternity hospitals to
screen for CHD.* It has been successful in decreasing
missed cases to 4% before hospital discharge."” In China,
two-indicator for CHD screening strategy has been
recommended to be implemented in routine postnatal
care in 24 provinces and regions since 30 July 2018.
POX screening improves early detection of CHD in
newborn babies by identifying those with low oxygen
saturations, which is characteristic for many forms of
CCHD and may not be recognized by clinical exam-
ination. Most simple but serious cases of CHD, such as

severe left heart obstructive lesions and large left-to-right
shunt lesions, cannot be recognized early enough by
POX to avoid heart failure, collapse or even irreversible
pulmonary vascular disease at a later stage.” Therefore,
all major CHD can cause death or require invasive inter-
vention during infancy should also be regarded as main
targets of neonatal screening.” Unfortunately, there has
been no effective screening strategy on the use of POX to
screen CHD in the NICU. Babies are usually admitted to
the NICU because they are unwell or premature, which
might affect oxygen saturation. In addition, a large
proportion of infants in the NICU are on supplemental
oxygen. Most published studies on POX have excluded
babies admitted to the NICU for these reasons. Addi-
tionally, babies in the NICU usually undergo continuous
POX monitoring. When national screening programmes
are to include all babies, then consideration of whom,
how and when to screen is important. The best approach
has yet to be determined. In a single-center study, POX
screening based on clinical evaluation can significantly
enhance the early detection rate of CCHD in NICU.”
However, there was still a high false-positive rate in these
screened population, of which 69% requiring echocar-
diograms assessment. A high false-positive rate will make
it a poor screening method for CHD, increasing the
overall cost of echocardiograms or consulting services
and inducing parental stress and anxiety.

Some heterogeneity indeed exists in the POX screening
algorithms used in the published studies, including differ-
ences in the timing of initial screening, the use of single
or dual sites for measuring oxygen saturation (postductal
only or preductal and postductal) and the cut-off values
of oxygen saturation for a positive test.”> POX screening
implementation challenges exist but solutions will in
many cases. Challenges include the question of whether
to screen infants in special care or NICU, and if so, under
what eligibility criteria and algorithm.* Also challenging
is how to adjust the screening algorithm to account
for moderate-altitude and high-altitude locations. A
study conducted at moderate altitude had significantly
higher fail rates (more false positives) than at sea level
which suggests adjusting cut-off points for those infants
screened at high and moderate altitudes.” The big data
epidemiological investigations had confirmed that high
altitude is a significant environmental risk factor for
CHD in China.®”

Cost-effectiveness and economic consideration analysis

Several elements that affect CHD screening costs have
been assessed in varying numbers of studies, including
screening staff time, instrumentation and consumables,
as well as costs of diagnosis and treatment; however,
most of the data of the previous studies were from the
developed world. In these countries, POX screening has
been widely endorsed for inclusion in routine practice to
increase the detection of asymptomatic infants with CHD
before discharge from birth hospitals.”” Although a large
scale, multicenter, prospective screening study conducted
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in China confirmed the feasibility and accuracy of POX
screening for the detection of CCHD in neonates before
discharge and recommended its widespread use in
maternity hospitals, most of these hospitals are located in
the municipalities, provincial cities and in economically
developed coastal cities. This screening method is consid-
ered feasible for the majority of Chinese neonates in
these areas because the pulse oximeter is readily available
in most secondary and tertiary hospitals, screening can
also be provided by outreach services and the proportion
of neonates delivered at hospitals exceeds 90%. However,
there are tremendous variations in socioeconomic status,
access to antenatal screening and pediatric cardiological
care and performance and quality of healthcare across
regions and facilities. Neonatal screening for CCHD is
still at the pilot stage and has not yet been widely adopted
in most hospitals, especially in western or even middle
China,31 in where, there are large undetected and under-
served population of children with CHD. In China,
the cost-effectiveness of postnatal oximetry screening
compared with no intervention varied across regions.*
Under base-case assumptions, clinical assessment is a very
cost-effective preliminary choice for neonatal screening
of CHD at the national level.”” The intervention is highly
cost-effective in the development regions than that in the
unprivileged regions. POX plus clinical assessment yield
the best health outcomes on averting Disability-Adjusted
Life Years, and is cost-effective only in more econom-
ically developed regions of China with better accessi-
bility to pediatric cardiac medical care,” which reflects
similar findings of the cost-effectiveness of screening
in developed countries.”™ The two-indicator detection
method is considered crucial for realizing the benefits
of CHD screening. The economic balance between the
costs and benefits of screening has been recognized as a
desirable attribute of population screening programmes.
The success of POX screening in the low-income and
middle-income countries depends on the availability and
affordability of pediatric cardiac medical care. In China,
in terms of cost-effectiveness and feasibility, the applica-
tion of postnatal oximetry screening is recommended first
to be implemented in developed metropolitan regions to
maximize the benefits of neonatal CHD screening.
Important barriers to screening for CHD have been
identified. These include out of hospital births, cost
and knowledge deficits among healthcare professionals.
There are certainly costs and harms associated with both
screening and subsequent testing that ensues. In China,
the echocardiograms triggered by positive screening test
are additional charges which are not covered by medical
insurance and are the family’s own expense. Although
pediatric cardiac medical care is available in China, it is
highly concentrated in urban tertiary hospitals. In addi-
tion to the anxiety triggered by a failed screening and the
costs of additional screening, some babies may need to
be transferred from their birth setting to another facility
for echocardiography. The issue of transfer is partic-
ularly true in rural states where the nearest available

echocardiography may be a great distance away, and the
associated medical costs are catastrophic for most families
of infants with CHD.” Improvement in the coverage and
reimbursement rate of the current medical insurance
scheme is an urgent task, particularly for those living in
unprivileged regions.

Useful complementary methods for CHD screening

It is reported that the POX screening system with the
cut-off SpO, <95% is inapplicable to high altitude for a
number of reasons.*” The study from moderate altitude
showed significantly higher failure rates of POX screening
than those at sea level, even with a cut-off value of 90%.3
Unfortunately, the altitude increased significantly in the
middle-western areas of China. So the echocardiography
as an intensive methodology is suitable for the newborn
in such areas,” still more accurate even in the plain area
in the east region of China."' However, the prevalence
of CHD of live infants determined by echocardiography
screening was found to be relatively high," **! either in
the plain area or in the plateau area. When all infants
with or without symptoms and physical signs of CHD
participated in the echocardiography CHD screening,
many asymptomatic CHD cases were diagnosed. Since
most atrial septal defect with defects smaller than 6 mm
and most ventricular septal defect with muscular defects
would have a higher possibility of spontaneous closure
before 1 year, which may explain the reason for higher
prevalence of CHD determined by echocardiography in
newborn. To some extent, it will increase the overall cost
of echocardiograms and consulting services in the devel-
oping region, as well as will induce parental stress and
anxiety in all. This may make it a poor screening method
for CHD.

CHD is a complex disease which may be caused by both
environmental and genetic factors.* Approximately,
5%—-8% of CHD is due to chromosomal abnormalities,
and 3% due to classical genetic defects with a high recur-
rence risk in first-degree family members.* In the past
decades, a series of CHD-causing genes have been iden-
tified based on Chinese population, such as 7BX20 and
CITED2, as well as some gen copy number variations of
chromosomal region.**™ The gene mutations can cause
cardiac malformations through affecting the transcrip-
tion activity of critical genes involved in heart develop-
ment pathways. In addition, gene analysis combined
with MRI or prenatal ultrasound were accurate prenatal
genetic techniques for identifying fetal chromosomal
abnormalities associated with cardiac defects and more
effective for diagnosing fetal CHD.* *” This can assist
clinical doctors to perform early postnatal screening for
CHD and appropriate genetic counselling with regard to
outcome. It is undoubtedly more effective in improving
the prognosis of the patients if it is possible to discover
and diagnose CHD, especially the critical lesions, before
birth, together with the fetal interventions and perinatal
managements. We can do more in the field of CHD
genetics in the future.
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Follow-up system

Follow-up is an important issue in the screening of CHD.
Although many cases of CHD are detected prenatally or
through clinical examination, infants who appear normal
might be discharged home and subsequently undergo
life-threatening crises.* *® Effective follow-up for screens
with positive results must be implemented in order for
screening programmes to be successful. Sometimes, the
follow-up system should be extended to the asympto-
matic babies who discharged home. Impact of screening
in regions with less access to intervention will be impor-
tant to track. A low follow-up rate was found, especially
for rural populations in China.

At present, many coastal cities and provinces have
established CHD screening, treatment and surveillance
networks. However, due to disparities in economic and
medical resources, many children with CHD in deprived
areas in western China are still not diagnosed and treated
in a timely manner.” * Policies should be formulated
to address the epidemiology of CHD in deprived areas
of middle-western China to better allocate medical
resources and to develop local training programmes
to screen and diagnose CHD in these areas. A national
CHD screening network and a so-called ‘green channel’
network are also needed to improve the diagnosis rate of
CHD in these areas and to establish follow-up and treat-
ment plans.' Public investment and insurance coverage
for children with CCHD are crucial for exploiting the
health benefits of the screening.® Although the hierar-
chical treatment and referral system has not been estab-
lished throughout the country,” the importance and
feasibility of CHD screening have been demonstrated
in China.” The national CHD screening network system
consisting of screening, referral and information trans-
mission will make it possible for early detection, timely
diagnosis and appropriate management of CHD in the
country.

CONCLUSIONS

The overall prevalence of CHD is still high in current
China. Due to the tremendous variations in socioec-
onomic status and disparities in medical resources,
universal screening system for CHD is difficult to adapt
to the current situation in China. The developed regions
have established relatively well CHD screening, treatment
and surveillance networks, while the vast developing
areas have not. Currently, the screening of CHD in China
should be tailored to local conditions and effective safe-
guard mechanism and follow-up system should be estab-
lished to improve the prognosis of CHD. Itis undoubtedly
more effective in improving the prognosis of the patients
if it is possible to discover and diagnose CHD in timely,
especially the critical lesions, before birth, together with
the fetal interventions and perinatal managements.
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