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Abstract. — OBJECTIVE: With the develop-
ment and widespread use of fetal ultrasound
and magnetic resonance technology in recent
years, approximately 75% of fetuses are diag-
nosed prenatally with congenital structural mal-
formations, a serious birth defect that endan-
gers the life and health of the newborn. In this
study, we aimed to study and analyze the val-
ue of the prenatal-postnatal integrated man-
agement model in the screening, diagnosis and
treatment of fetal heart malformations.

PATIENTS AND METHODS: All pregnant
women who were to undergo delivery in our hos-
pital between January 2018 and December 2021
were recruited as the first subjects in this study,
and after excluding those who refused to partic-
ipate in the study, a total of 3,238 cases were fi-
nally included as subjects of this study. All preg-
nant women were screened for fetal heart mal-
formations using the prenatal-postnatal inte-
grated management model. Maternal files were
established for all cases of heart malformations,
grading the fetuses according to their heart dis-
ease grade, observing and recording their deliv-
eries, treatment results and follow-ups.

RESULTS: After screening for heart malfor-
mations using the prenatal-postnatal integrat-
ed management model, 33 cases of heart mal-
formations were identified, including 5 cases of
Grade I (all delivered), 6 cases of Grade Il (all de-
livered), 10 cases of Grade Il (1 induced), and 12
cases of Grade IV (1 induced); 2 cases of ven-
tricular septal defect healed spontaneously after
delivery, and 18 infants were treated according-
ly. The results of the later follow-up showed that
10 children had normalized their heart structure,
7 cases had slight alterations in the heart valves,
and 1 case died.

CONCLUSIONS: The prenatal-postnatal inte-
grated management model is a multidisciplinary
cooperation model with certain clinical value in
the screening, diagnosis and treatment of fetal
heart malformations, which is beneficial to com-

prehensively improve the ability of hospital phy-
sicians in the grading management of heart mal-
formations, detecting fetal heart malformations
early and predicting fetal changes after birth. It
further reduces the incidence of serious birth
defects, conforms to the development trend of
the diagnosis and treatment of congenital heart
diseases, enables to reduce child mortality with
timely treatment, effectively improves the surgi-
cal prognosis of critical and complex congeni-
tal heart diseases, with a promising application
prospect.
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Introduction

Neonatal structural malformations represent a
very high percentage of neonatal diseases. Heart
malformations are the most common congenital
malformations, with an incidence of about 30% in
stillbirths and 0.5%-2.7% in live births'. They pose
arelatively high risk, and some of them are difficult
to treat®. With the development of fetal ultrasound
screening and magnetic resonance technology,
both doctors and patients are faced with such ques-
tions: is fetal heart malformation serious? How se-
rious is it? Can | continue my pregnancy? What are
the precautions to take during pregnancy? Is there
aneed or measure for intervention during pregnan-
cy? Are there any special conditions for delivery?
When and how is postpartum care provided? What
is the final prognosis? These questions plague
many patients deeply”.
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A previous study* concluded that combined
ultrasound and imaging screening can better de-
tect structural malformations. The treatment of
congenital structural malformations currently
largely relies on neonatal surgery, most of which
have a good outcome, but some of which have a
poor prognosis*. In a paper published in the Chi-
nese Journal of Pediatric Surgery in 2020, “Expert
Consensus on Prenatal Consultation for Common
Fetal Structural Anomalies”, it is stated that if fetal
structural malformations are identified, prenatal
diagnosis, consultation, follow-up or intervention
recommendations should be made and measures
should be developed, continuing from pregnancy
until after the birth of the fetus®. The division of
labor between different specialties in the compre-
hensive diagnosis and treatment of fetal structural
malformations for transport, evaluation and early
standardized treatment significantly reduces the
abortion rate of fetuses with non-fatal malforma-
tions and structural malformations, increases the
rate of resuscitation and cure of newborns, and im-
proves surgical outcomes and newborns’ quality of
life®. Therefore, we can tentatively determine that
in early prenatal screening and diagnosis of con-
genital structural malformations of the fetus, scien-
tific determination of their prognosis will improve
the quality of the population and quality of life and
reduce the risk of the disease to the child’s family,
where the initial determination will be clinically
significant for the mitigation of the condition’.

National and international research® on con-
genital structural malformations has focused on
how to deal with them, while less research has
been done on early detection, early diagnosis,
early intervention, and the prenatal and postna-
tal integrated management system for congeni-
tal structural malformations, making this study
clearly relevant. As our province is the most
populous province in the country, this study will
better improve the quality of our population, and
enable doctors to develop better surgical treat-
ment plans, reducing unnecessary financial and
emotional burdens for families.

Patients and Methods

Research Subjects

With the approval and consent of the Ethics
Committee of our hospital, all pregnant women
who were to undergo delivery in our hospital be-
tween January 2018 and December 2021 were re-
cruited as the first subjects in this study, and after

excluding pregnant women who did not meet the
criteria of this study for various reasons, a total
of 3,238 cases were finally included as study sub-
jects. All study subjects were adult females, aged
22-35 years, and all had singleton pregnancies, 12-
39+ weeks of gestation. All pregnant women were
screened for fetal heart malformations using the
prenatal-postnatal integrated management model,
and fetuses with confirmed heart malformations
were treated accordingly. All study subjects vol-
untarily signed a written informed consent after
being informed about the content of this study.

Inclusion and Exclusion Criteria

Inclusion criteria: women who came to our Ultra-
sound Department for prenatal screening at 12-39+
weeks of gestation were randomly selected, fetus-
es with heart malformations on prenatal ultrasound
screening (fetal MRI if necessary) were counted and
retrospectively analyzed, and maternal files were es-
tablished for all cases of heart malformations.

Exclusion criteria: those who lost visits after
delivery were excluded.

Methodology and Principle

The GE VOLUSON ES8 (GE Healthcare, Zipf,
Tiefenbach, Austria) and Samsung WS80A (Sam-
sung Medison, Seoul, Korea) all-digital real-time
color ultrasound diagnostic instruments with
transabdominal 3.5-5.0 MHz probes were applied
to examine and measure the fetus by experienced
physicians using the segmental analysis and diag-
nosis method. Prenatal-postnatal integrated man-
agement model: pregnant women screened for fe-
tal heart abnormalities were consulted and graded
according to the results of fetal echocardiography
and clinical prognosis (grades I-1V); obstetricians,
ultra-sonographers, genetic counselors, pediatri-
cians, and psychological counselors conducted
perinatal counseling and psychological interven-
tion with patients face-to-face based on the results
of consultations at provincial hospitals to ensure
that pregnant women and their families had a com-
prehensive understanding of the disease and could
make a final decision; appropriate surgical treat-
ment for neonatal heart malformations can be per-
formed postnatally, with postoperative follow-up’.

Principle: research on fetuses with heart
malformations is conducted to find methods for
early detection and diagnosis; for serious mal-
formations, abortion can be induced to reduce
the burden on society and families; for treatable
malformations, prenatal and postnatal integrated
management can be achieved in conjunction with
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pediatric surgery, and corresponding treatment
plans can be developed to provide timely treat-
ment and reduce mortality.

Observation Index

1) Fetal heart disease grading: Grade I (mild
heart disease, basically no treatment needed),
Grade II (simple heart disease, requiring treat-
ment after birth, but quality of life is no different
from normal), Grade III (complex heart disease
with good treatment), Grade IV (severe complex
heart disease). 2) All deliveries (normal delivery,
cesarean section, induction of labor), treatments,
and follow-ups were recorded (return to normal
heart structure, presence of minor alterations in
the heart valves, and death).

Technical Keys and Routes

1) Rigorous experimental design: cases were
screened in strict accordance with diagnostic and
inclusion criteria; data collection, recording and

calculation were performed by dedicated person-
nel; the ultrasound instruments selected were stable
in performance and rigorous in operation and op-
erated in strict accordance with treatment norms.
2) Accurate and skilled examination techniques:
normal and abnormal ultrasound images were ac-
curately identified, in which abnormal fetuses were
diagnosed by experienced attending physicians or
senior physicians. 3) Follow-up patient data (phy-
sician telephone follow-up and patient outpatient
and inpatient follow-up). 4) Statistical processing:
statistical methods were correctly selected, and the
test results were reliable. The technical route is de-
tailed in Figure 1 as follows:

Statistical Analysis

SPSS version 26.0 (IBM Corp., Armonk,
NY, USA) was used to organize and statistical-
ly analyze the data; the measurement data were
expressed as (£s), and the 7-test was used for the
comparison of statistical differences; the enumer-
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ation data were expressed as rate (%), and the
Chi-square test y*> was used for the comparison of
statistical differences; p-value<0.05 indicated that
the comparison was statistically significant.

Results

General Information

A total of 3,238 cases were studied, of which
3,172 were married and 66 were unmarried; all
were between 22-35 years old, with a mean age
of 25.45+5.45 years; height was between 151-173
cm, with a mean height of 164.05+£5.85 cm; ges-
tational weeks were between 12-43 weeks, with
a mean gestational weeks of 25.89+4.56 weeks;
weight was between 58-85 kg, with a mean weight
of 70.61£10.94 kg; years of education between
7-16 years, with an average of 15.94+5.21 years
of education; past medical history: 456 cases of
diabetes, 325 cases of hypertension, and 845 other
cases (Table I).

Screening Results

Antenatal ultrasound screening for heart mal-
formations in the prenatal-postnatal integrated
management model was performed in 3,238
pregnant women included in this study, resulting
in 33 cases of cardiac abnormalities, 22 of which
were later confirmed by anatomic pathology and
11 by postnatal echocardiography, with no mis-
diagnosis.

Table I. General information of study subjects.

Fetal Heart Disease Grading

The 33 study subjects diagnosed with fetal heart
malformations were graded according to their spe-
cific conditions, including 5 cases of Grade I, 6
cases of Grade 11, 10 cases of Grade 11, and 12 cas-
es of Grade 1V, and the major heart malformations
diagnosed prenatally and postnatally matched. The
details are shown in Table II as follows:

Delivery

Among the 5 pregnant women in Grade I, 4
cases of normal delivery, 1 case of cesarean sec-
tion, and O case of induced labor; among the 6
pregnant women in Grade II, 3 cases of normal
delivery, 3 cases of cesarean section, and 0 case
of induced labor; among the 10 pregnant women
in Grade III, 2 cases of normal delivery, 6 cases
of cesarean section, and 2 cases of induced labor;
and among the 12 pregnant women in Grade 1V,
0 case of normal delivery, 1 case of cesarean sec-
tion, and 11 cases of induced labor (Table III).

Treatment

A total of 20 children required treatment, of
which 18 children underwent surgical or medical
interventions including percutaneous pulmonary
valvuloplasty and atrial/ventricular septal defect
closure, except for 2 children with spontaneous
healing of the ventricular septal defect. The spe-
cific treatment plan depended on the child condi-
tion, and 14 of them were treated in the neonatal
period.

Indicators - Study Subjects
Total cases - 3,238
Marital status Married 3,172 (97.96)
- Unmarried 66 (2.04)
Age (year) Range 22-35

- Average 25.45+5.45
Height (cm) Range 151-173

- Average 164.05+5.85
Gestational weeks (week) Range 12-43

- Average 25.89+4.56
Weight (kg) Range 58-85

- Average 70.61+10.94
Years of education (year) Range 7-16

- Average 15.94+5.21
Past medical history Diabetes 456 (14.08)
- Hypertension 325 (10.04)
- Other 845 (26.09)
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Table II. Grading of fetal heart malformations.

Table IV. Follow-up of the treated children.

Follow-Up Visits

The follow-up results of the 18 children who
underwent treatment suggested 10 cases of nor-
malization of the heart structure, 7 cases of minor
alterations in the heart valves, and 1 case of death
(Table 1V).

Discussion

Heart malformation, also known as “congeni-
tal heart disease”, is the most common birth de-
fect, seriously endangering the health and quali-
ty of life of children and affecting the quality of
health and population'. For children with com-
plex heart malformations, if they are discovered
to have congenital heart disease after birth, they
may present with acute conditions such as severe
hypoxia, acidosis, and heart failure at the time
of consultation, and the risk of surgery is subse-
quently increased". With the rapid development
of prenatal diagnosis technology in recent years,
the medical and surgical treatment of congenital

Indicators Study Subjects Indicators Study Subjects
Total cases 33 Total cases 18

Grade | 5 (15.15) Normalization of heart structure 10 (55.56)
Grade 11 6 (18.18) Minor alterations in heart valves 7 (38.89)
Grade IIT 10 (30.30) Death 1(5.56)
Grade IV 12 (36.36)

heart disease has become increasingly mature!'?.
With the rapid development of clinical treatments,
most congenital heart diseases can be cured after
birth and can achieve certain therapeutic effects'.
Therefore, induction of labor after prenatal diag-
nosis of congenital heart disease is no longer the
only option, and prenatal diagnosis can not only
predict postnatal changes in the fetus, but also
exclude acute and severe postnatal conditions of
complex congenital heart disease'.

Although there is some national literature on
follow-up studies of patients with prenatally diag-
nosed congenital heart disease, there is still a lack
of large prospective cohort studies of congenital
heart disease in the perinatal period. In this study,
all pregnant women who were to undergo delivery
in our hospital between January 2018 and Decem-
ber 2021 were managed for screening and treat-
ment of fetuses diagnosed with heart malforma-
tions, in order to study and analyze its value in the
screening and treatment of fetal heart malforma-
tions. The results showed that the prenatal-post-
natal integrated management model was effective
in prenatal screening of pregnant women, with a

Table Ill. Mode of delivery in subjects with fetal heart malformation.

Grading Mode of delivery Number of study subjects
Grade [ - 5

- Natural birth 4 (80.00)
- Cesarean section 1 (20.00)
- Induced labor 0 (0.00)
Grade 11 - 6

- Natural birth 3 (50.00)
- Cesarean section 3 (50.00)
- Induced labor 0(0.00)
Grade 11 - 10

- Natural birth 2 (20.00)
- Cesarean section 6 (60.00)
- Induced labor 2 (20.00)
Grade IV - 12

- Natural birth 0 (0.00)
- Cesarean section 1 (8.33)
- Induced labor 11 (91.67)
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better prognosis after treatment and definite clin-
ical value. The current situation in our country is
that the risk of the existence of congenital heart
disease remains high because of the variety and
severity of congenital heart disease, which may
be accompanied by hereditary diseases and ext-
racardiac malformations complications, etc., and
the limited information that families with prena-
tal diagnosis receive from obstetricians for the
treatment of congenital heart disease'®. In addi-
tion, the lack of treatment modalities for prenatal
screening in remote and poor areas prevents se-
vere and complex congenital heart disease in chil-
dren from being cured immediately after birth,
leading to unmanageable abandonment rates and
mortality in children'®. The prenatal diagnosis
and postnatal treatment of birth defects requires
team integration into multiple disciplines, includ-
ing obstetrics, prenatal diagnosis, neonatology,
pediatrics, pediatric surgery and other specialties,
making it a systematic project. The diagnosis and
treatment of congenital heart disease requires a
thorough understanding of cardiac embryogen-
esis, hemodynamic changes, and treatment mo-
dalities to initiate comprehensive management
of congenital heart disease from the fetal stage'®.
Over recent years, the prevention and prenatal
management of congenital heart disease in the
medical and health system has been strengthened,
and prenatal screening and diagnosis of fetal con-
genital heart disease has been gradually imple-
mented nationwide with remarkable results. With
the development of society and advances in medi-
cal technology, especially in medical imaging and
the establishment of interdisciplinary cooperation
models, prenatal diagnosis and perinatal manage-
ment of fetal heart disease are receiving increas-
ing attention from medical professionals. As one
of the comprehensive management models, the
prenatal-postnatal integrated management model
was used in Europe and the United States in the
1990s and includes prenatal and postnatal consul-
tations, diagnosis and combined treatment'’. The
model is highly specialized, contributing to the
optimization of medical resources, the improve-
ment of treatment effectiveness, and the protection
of medical safety, encompassing interdisciplinary
fields and issues, covering the natural history of
different prenatal and postnatal diseases, further
exploiting the advantages of prenatal diagnosis,
and maintaining continuity in the diagnosis and
treatment of congenital heart disease from pre-
natal to postnatal, thus reducing the impact of
congenital heart disease on child survival and

growth. The prenatal-postnatal integrated man-
agement includes not only the stratified diagnosis
of risk factors, prognostic consultation, estab-
lishment of green channels, and emergency care
and transportation of fetuses after birth, but also
the integrated management of related medical re-
sources. By combining prenatal ultrasound with
laboratory techniques and pediatric procedures,
it has been found' that early detection and diag-
nosis can be achieved in children with congen-
ital structural malformations, raising awareness
of congenital heart disease in pregnant women,
managing the severity of congenital heart disease
and receiving appropriate treatment, and grading
management according to the severity of congen-
ital heart disease. For severe malformations, labor
can be induced; for some malformations, endo-
metrial fetoscopy or radiofrequency ablation can
be performed; postpartum malformations can be
treated in combination with pediatric surgery, so
as to achieve an integrated prenatal and postpar-
tum management and reduce mortality with time-
ly treatment".

Limitations

There are still some limitations in this study,
such as small sample size, lack of diversity, and
lack of comparative illustration, resulting in less
convincing conclusions, which need to be demon-
strated again with the subsequent addition of a re-
search protocol. As prenatal diagnosis technology
has developed rapidly, medical and surgical treat-
ment techniques for congenital heart disease are
increasingly mature, but the level of prevalence
of prenatal diagnosis of complex congenital heart
disease is still low compared with that of other de-
veloped countries, leaving significant differences.
The retention rate of these cases will gradually
improve through interdisciplinary consultations
as the domestic economy develops and people’s
perceptions change.

Adhering to the comprehensive management
concept of “eugenics”, this study organically
combined prenatal ultrasound diagnosis, MRI di-
agnosis with prenatal clinical examination, neo-
natal surgery, and pediatric surgical treatment
etc., to provide early detection, early diagnosis,
early intervention, and early treatment of congen-
ital structural malformation diseases with a vari-
ety of modern techniques and equipment, in order
to reduce the damage caused by congenital struc-
tural malformation diseases to the children®.
Meanwhile, the most suitable intervention plan
for puerpera, special examination plan at the later



J.-Q. Su, N. Li, J. Duan, J. Zhang, K.-Y. Liu, C.-X. Sun

stage, and precise surgery plan were developed to
provide the best treatment for the children in a
timely and effective manner, so as to provide the
best treatment opportunities for the children from
being delayed due to transfer and other links.
When severe structural malformations of the
fetus are detected during prenatal testing, early
intervention can effectively reduce the incidence
of birth defects and reduce unnecessary financial
and emotional burdens for the majority of fami-
lies, thus contributing to society and reaping great
benefits, both economically and socially.

Conclusions

The prenatal-postnatal integrated management
model is a multidisciplinary cooperation model
with certain clinical value in the screening, diag-
nosis and treatment of fetal heart malformations,
which is beneficial to comprehensively improve
the ability of hospital physicians in the grading
management of heart malformations, detecting
fetal heart malformations early and predicting
fetal changes after birth. It further reduces the in-
cidence of serious birth defects, conforms to the
development trend of the diagnosis and treatment
of congenital heart diseases, enables to reduce
child mortality with timely treatment, effective-
ly improves the surgical prognosis of critical and
complex congenital heart diseases, with a promis-
ing application prospect.
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