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Abstract

Background: Congenital heart diseases, as the most common congenital anomaly, are a major cause of serious morbidity and
mortality.

Objectives: This study aimed to evaluate the level of alpha-fetoprotein in the second trimester of pregnancy and its association with
congenital heart defects.

Methods: Following a cross-sectional design, singleton pregnant women in the second-trimester were enrolled for the a-
fetoprotein (AFP) screening test. Those with normal screening results at the first and second tests were assigned to the control
group. Mothers with nuchal translucency (NT) screening equal or greater than 3% of the 99th percentile, without chromosomal
anomalies, confirmed with amniocentesis, were referred for a fetal echocardiogram and in presence of congenital heart defects
symptoms, assigned to the intervention group. The study groups were compared concerning the serum AFP level and maternal and
neonatal outcomes in the second trimester of pregnancy. Statistical significance was considered when P-value < 0.05.

Results: A total of 270 women were enrolled in the study, with a mean AFP level 0f 1.868 £ 0.87and 1.374 & 0.39 in the case and control
groups, respectively. The mean level of AFP was significantly different between the two groups (P < 0.001). In the second trimester,
an AFP level lower than 1 was associated with a significant increase in the likelihood of developing congenital heart anomalies in
the fetus.

Conclusions: This study demonstrated that the value of maternal AFP level in the second trimester can be considered as an appro-

priate screening test to predict the incidence of congenital heart defects in neonates.
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1. Background

Congenital heart defects (CHD) are the most common
congenital anomalies, with an estimated incidence of 8 per
1,000 live births in the United States(1). Severe cases of CHD
often require major cardiac surgeries, which may result in
death (2). In addition, even a successful surgery is asso-
ciated with a wide spectrum of adverse outcomes, which
lead to a life expectancy drop (3-5).

Hence, early diagnosis and in-time intervention are
necessary to reduce both mortality and morbidity of the
disease (1,2). Furthermore, early diagnosis has a major con-
tribution to reducing healthcare expenditures (1-7). The
first fetal echocardiography was performed in Denmark in
1995 toidentify CHD at18 to 21 weeks of gestation. Although
initially echocardiography was considered as a screening

tool to identify fetal heart defects, due to its inability to ob-
serve the four-chamber and three-vessel views, its adminis-
tration was limited; so that, at the best condition, the diag-
nostic power of echocardiography was only 50% (8).
Nuchal translucency (NT), which must be done be-
tween 11 and 14 weeks of pregnancy, significantly increased
the diagnostic power of detecting CHE so that the power
of simultaneous NT and echocardiography is up to 90% (9,
10). However, echocardiography not only is difficult and
expensive but also requires advanced equipment, which
have translated into limited access to this service. There-
fore, there is a need for an inexpensive, accurate screen-
ing tool that is available anywhere (2, 11-13). Some studies
have investigated the value of maternal serum biomarker
levels in the second trimester for the early diagnosis of
CHD. However, previous studies could not reach a definite
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conclusion, and their results are not generalizable to the
entire population (14, 15). Elevated NT measurements (16)
and abnormal levels of serum biomarkers in the second
trimester are associated with CHD (17). Human chorionic
gonadotropin, a-fetoprotein (AFP), non-conjugated estra-
diol, and inhibin are routine screening tests at the second
trimester (7, 18).

Only a few studies have been recently conducted on
CHD diagnostic tools, and there is no sufficient knowledge
for introducing the best screening and diagnostic method
for CHD during pregnancy as a basis for designing and im-
plementing targeted interventions for early diagnosis and
prevention. Fetal echocardiography not only is expensive
but also is not accessible and affordable for all pregnant
women, which indicates the need for an inexpensive and
available tool for early screening of CHD. The AFP measure-
ment is widely used in the second trimester and may be
useful in the early detection of CHD. By this time, a few
studies evaluated the association between the findings of
screening tests in the second trimester and CHDs. In ad-
dition, most of them focused on the screening tests in
the first trimester, especially on NT, or analyzed previously
recorded data, and less attention has been paid to the fetal
and neonatal outcomes, as well as the results of maternal
examinations (1, 15).

2. Objectives

This study aimed to evaluate the association between
the level of AFP in the second trimester and congenital
heart defects.

3. Methods

3.1. Patients

Following a cross-sectional design, 270 singleton preg-
nant women (90 in the intervention group and 180 in the
control group) aged 18 to 40 years in the second trimester
with normal and low-risk pregnancy referred to obstet-
rics clinic from March 2015 to February 2017 enrolled in
the study. Participants were selected using easy sampling
among eligible cases. By considering a 95% confidence in-
terval and 5% error, the sample size was estimated using
the equation for minimum sample size. The inclusion cri-
teria were having a low-risk pregnancy, being aged 18 to 40
years, singleton pregnancy, body mass index (BMI) of < 25.
All cases with systemic diseases such as diabetes, lupus, col-
lagen vascular disorders, hypertension and phenotypic ab-
normalities in neonates after birth, past history of chromo-
somal abnormalities, abnormal karyotype, therapy for in-
fertility, and use of anticonvulsants agent, and alcohol and
drug abuse were excluded.

3.2. Experimental Design

Maternal demographic data, history, and clinical and
para-clinical findings were recorded. Echocardiography
was performed in the second trimester, once after the
birth, by a pediatric cardiologist. CHD was defined accord-
ing to the International Classification of Disease, Tenth Re-
vision (ICD-10-CM), which is atrial or ventricular dysfunc-
tion and anomalies in the aorta and pulmonary artery (19).

Second-trimester prenatal screening (AFP measure-
ment) was performed at 14 to 17 weeks of gestational. All
cases with normal results for NT and prenatal screening
tests at first and second trimesters were assigned to the
control group. Mothers with abnormal screening find-
ings at the 18 - 22 weeks of gestational, as well as moth-
ers with NT criteria equal and higher than 3% or higher
than 99th percentile at 11 - 13 weeks of gestational, were
referred for amniocentesis. In the absence of chromoso-
mal anomaly, fetal echocardiography was performed, and
those with CHD were assigned to the intervention group.

3.3. Ethical Considerations

All experimental protocols have been conducted in
compliance with the regulations of the Research Ethics
Committee of the University and the Iranian Ethical
Guidelines in Research. Also, the research purpose and
methodology were subjected to scrutiny by the Ethics
Committee of Semnan University of Medical Sciences
(IR.SEMUMS.REC.1396.25). In addition, written informed
consent was obtained from all participants before enter-
ing the study and after a comprehensive introduction to
the study protocol.

3.4. Statistical Analysis

The level of AFP in the second trimester was com-
pared based on maternal and neonatal parameters for
both groups. The Kolmogorov-Smirnov test was applied to
test for a normal distribution. Data analysis was adminis-
tered by t-test, Mann-Whitney U, chi-square, and Fisher’s
exact test using SPSS version 21. Statistical significance was
considered when P-value < 0.05.

4. Results

A total of 270 eligible pregnant women were enrolled
in this study, of whom 9 were excluded due to delivery in
another city, refusal to continue the study, and presence of
postnatal anomalies, such as clubbing and cleft lip. Finally,
261 patients were assigned in each of the study groups, 90
cases, and 171 controls. Echocardiography was performed
between 18 - 22 weeks of gestational age (mean =+ SD, 21.99
=+ 4.6)and then, if necessary, repeated until 37 weeks of ges-
tation. AFP test was performed between 14 to 20 weeks of
gestational age (mean =+ SD, 15.66 =+ 0.8).
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The mean age of participants was 28.23 + 6.6 years
(controls: 27.82 &= 5.5 and cases: 28.77 & 4.5 years). The age
distribution was normal in both groups (P=0.106,Z=1.212).
Theincidence of neonatal complicationsin the control and
intervention groups was 29.2% (50 infants) and 44.4% (40
infants), respectively. The most common neonatal compli-
cation was respiratory problems (Table 1). The most com-
mon maternal complication was preeclampsia (20 cases),
followed by postpartum hemorrhage (16 cases). In the con-
trol group, the most common complication was postpar-
tum hemorrhage (23 cases), followed by preeclampsia (19
cases). Fifteen infants in the case group were admitted to
the neonatal intensive care unit (NICU), of whom five died.
In the control group, 12 infants were admitted to the NICU,
whom all survived. Out of 90 cases with congenital heart
defects, 12 were critical (Table 2). The mean level of AFP was
1.868 &= 0.86 and 1.374 = 0.39 in cases and controls, respec-
tively. The mean level of AFP was significantly different be-
tween the two groups (P < 0.001).

The mean level of AFP was significantly different in
mothers with three or more parities but not significant
in nulliparous and uniparous women. In mothers with
three or more parities, alpha-fetoprotein levels were sig-
nificantly reduced, which can be attributed to congenital
anomalies (Table 3). AFP level was significantly different
in mothers whose infants had critical and noncritical car-
diac defects (P = 0.001). There was a significant difference
in the level of AFP in mothers of healthy infants and those
with non-critical cardiac defects compared to mothers of
infants with CHDs (P < 0.001) (Table 4). The mean level
of AFP in mothers of complicated and uncomplicated in-
fants was significantly higher in the intervention group
than in the control group (P = 0.044). The mean level of
AFP in mothers of uncomplicated infants was not signifi-
cantly differentin the control group compared to the inter-
vention group (P = 0.070). The mean level of AFP in moth-
ers of infants admitted to ICU was higher in controls than
in cases (P < 0.001). There was a significant difference be-
tween the study groups concerning the AFP levels in moth-
ers of infants admitted to NICU (P = 0.016). Five infants
in the intervention group died, and there was no neona-
tal death in the control group. A cut-off point equal to "1"
was considered for alfafitoprotein level, and all subjects in
both groups were evaluated in one set for the incidence of
heart defects in the fetus. The frequency of CHDs in moth-
ers with an alfafitoprotein protein level lower than "1" was
increased by 11-fold (Exp. B=11.081, P < 0.001).

5. Discussion
This study compared the AFP level in the second

trimester in mothers of neonates with and without con-
genital heart defects (CHDs) based on fetal echocardio-
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graphy in the second trimester. So, AFP level was mea-
sured in the second trimester and mothers underwent fe-
tal echocardiography.

CHD was diagnosed in fetuses of 90 pregnant women
(171 were healthy). According to the findings, AFP level was
lower in mothers of neonates with CHD (P = 0.004). The
level of AFP was not associated with the mother’s age and
gestational age. In women with 3 parity and more, there
was a significant difference regarding the mean level of
AFP in cases with and without CHD (P = 0.003). There was
a significant difference concerning the mean level of AFP
in mothers of a neonate with critical and noncritical CHD
(P> 0.001), and between mothers of the neonate with crit-
ical CHD and without CHD (P < 0.001). The level of AFP
in women with and without maternal and neonatal com-
plications was also significant (P = 0.044). In mothers of
an infant with CHD admitted to NICU, AFP level was lower
than that of mothers of an infant without CHD admitted
to NICU (P < 0.001). At the second trimester, an AFP level
lower than 1 was associated with an increased chance of
(by 11-fold) having an infant with CHD (Exp. B =11.081, P <
0.001).

Few studies have investigated the results of screening
tests in the second trimester and their association with
congenital heart diseases. For instance, Borelli et al. in-
vestigated the association between the risk of CHDs with
serum biomarkers levels that are routinely measured in
the first and second trimesters. They studied 118194 preg-
nant women and reported that 284 newborns with CHD
were born (1). In mothers with 8-HCG below the 10th per-
centile, the chance of having a neonate with CHDs was 1.6
times lower than that of others; in cases with an NT higher
than the 95th percentile, the chance of having a neonate
with congenital heart disease was 2 times more than oth-
ers. Among those with CHD-related risk factors, only 21.8%
were suffering from the disease; therefore, the presence of
risk factors alone has no sensitivity and specificity in early
diagnosis of CHD; thus, concerning the significant associ-
ation between serum biomarkers and CHD, measurement
of these biomarkers and their association with CHD is nec-
essary, even in women without any risk factors (1).

We evaluated the level of AFP in mothers with and
without an infant suffering from congenital heart disease,
and a significant difference was found between the study
groups. In addition, other maternal factors did not play a
role in the incidence of CHDs.

In this study, there was a significant difference between
AFP levels in mothers with at least 3 parities; however, it
was not significant in mothers with parities less than 3. In
addition, the incidence of congenital heart disease in in-
fants of mothers with AFP levels of more than 1was higher
by 11-folds.

Alves Rocha et al. reviewed the articles that inves-
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Table 1. Frequency of Neonatal Outcomes in Case and Control Groups

Case Control
Neonatal Outcomes Total
No. % No. %
Meconium aspiration 5 12.5 9 18.0 14
Prematurity 7 17.5 14 28.0 21
Respiratory distress 12 30.0 16 32.0 28
Cyanosis 12 30.0 1 2.0 13
Others 4 10.0 10 20.0 14

Table 2. Frequency of Critical and Non-critical Congenital Heart Defects

Type of Congenital Heart Defects % No.

Critical
Tetralogy of Fallot 22 2
d-Transposition of Great Arteries 33 3
Hypo plastic left ventricle 22 2
Common arterial trunk 11 1
Tricuspid atresia 22 2
Aortic atresia 11 1
Atresia of pulmonary artery 11 1

Non critical
Ventricular septal defect (VSD) 233 21
Atrial septal defect 18.8 17
Congenital heart block 10.0 9
Dextrocardia 33 3
Coarctation of aorta 33 3
Atrioventricular septal defect (AVSD)21.1 6.7 6
Other 211 19

tigated the screening of congenital heart disease in the
second trimester. They reported that although various
tools are available for screening of CHD such as echocar-
diography, ultrasound, and color Doppler, but, due to the
high cost, these methods are not routinely performed and
sometimes are ignored, especially in mothers without risk
factors for CHD like diabetes. Therefore, it is necessary to
use an inexpensive and accessible tool for CHD screening.
The authors point out that ultrasound and fetal echocar-
diography should be used as a means for confirmation of
CHD and other screening methods. They consider the sec-
ond trimester as the best time for screening and diagnosis
of fetal heart defects (20).

In our study, screening tests (AFP levels) were per-
formed in the second trimester, and complementary diag-
nostic techniques were conducted in the third trimester.
The results of our study indicated that the mean level of

AFP was lower in mothers of an infant with CHD, with due
attention to an 11-fold increase in the incidence of CHD in
mothers with AFP level less than 1in the second trimester,
this test is suitable for CHD screening. Jelliffe-Pawlowski et
al. evaluated the prediction power of beta-human chori-
onic gonadotropin (3-HCG), AFP,and unconjugated estriol
(uE3) in the second trimester for CHD in 19402 pregnant
women without chromosomal abnormalities in the fetus.
The results showed that the measurement of biomarkers
in the second trimester can be used as a useful tool for the
early diagnosis of CHD in cases without chromosomal ab-
normalities (6). In the same vein, Jelliffe-Pawlowski et al.
also reported similar results (6). In our study, an AFP level
less than "1" was associated with an 11-fold increase in the
risk of CHD in infants, and according to the results, it can
be used as a maternal screening test to determine the prob-
ability of congenital heart disease in infants.

In another study, Jelliffe-Pawlowski et al. evaluated
screening findings in the second trimester and the associ-
ation between ultrasound findings and the fetal CHD and
reported that 42.7% of all CHD cases were in mothers with
a B-HCG level above the 95th percentile. In 92.9% of pa-
tients with both CHD and trisomy 18, the 5-HCG values
were lower than the fifth percentile. This study suggests
that, considering the association between CHD and chro-
mosomal abnormalities in neonates, screening tests in the
second trimester can be an effective tool for predicting
and diagnosing neonates with CHD, especially in mothers
without risk factors who are neglected for fetal heart de-
fects (15). It should be noted that this study has applied a
methodology similar to our research, but we evaluated the
AFP level in the second trimester. In our study, the AFP level
was less than 1in 73.3% of mothers who had a neonate with
CHD. Our findings also indicated that the AFP level could
be considered as a proper biomarker for CHD screening. A
few studies have evaluated the value of screening tests in
the second trimester and their association with CHD (21-
23). The results of our study indicate the value of mater-
nal AFP level in the second trimester as a screening test to
predict the incidence of CHD. Suard et al. reported that the
diagnostic value of maternal screen tests in the diagnosis
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Table 3. Alpha-Fetoprotein Level in Mothers Based on Parities

o-fetoprotein level

Parity No. s PValue
1 0.099
Case 40 0.97
Control 72 035
2 0.206
Case 29 0.97
Control 58 0.40
>3 0.003
Case 21 0.46
Control 41 0.45
Table 4. Alpha-Fetoprotein Level in Mothers with a Neonate Suffering From Critical and Non-critical Congenital Heart Defects
Alpha-Fetoprotein Level
Groups/Heart Defects No. s PValue
Case 0.001
Critical 12 0.29
Non critical 78 0.91
Total < 0.001
Critical 12 0.29
Non critical 249 0.61

of congenital heart disease to be 71.5% (22).

5.1. Conclusions

This study intended to compare the maternal AFP level
in the second trimester between mothers of neonates with
and without congenital heart defects (CHD). Although a
significant difference was observed, a prospective study
with a larger study with more participants can better con-
firm the results of this study. The results showed that ma-
ternal AFP level in the second trimester is a proper screen-
ing test to predict the incidence of CHD in neonates. The
maternal AFP level in the second trimester less than 1is as-
sociated with an 11-fold increase in the incidence of CHD.
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