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Purpose: We assessed prenatal detection rates of congenital heart disease (CHD) and associations between maternal serum bio-
markers and non-chromosomal CHD in singleton pregnancies.

Materials and Methods: This study was conducted as a secondary analysis of data obtained during a multicenter prospective co-
hort study that investigated the cost-effectiveness of prenatal testing for fetal aneuploidy. We analyzed the prenatal detection rate
and accuracy for CHD screening via ultrasound during the second trimester, as well as associations between serum biomarkers
and CHDs, in singleton newborns without chromosomal abnormalities.

Results: Among 6715 women, 142 (2.1%) newborns were born with CHDs, of which 67 (1.0%) newborns had major CHDs. The
prenatal detection rate for all CHDs and major CHDs were 34.5% and 58.2%, respectively. After excluding isolated ventricular sep-
tal defects, the detection rate for critical CHDs was 85.9%. Women with low pregnancy-associated plasma protein A (PAPP-A) (<0.4
multiples of the median, MOM) face increased risks of non-chromosomal CHDs [adjusted odds ratio (aOR) 2.76; 95% confidence
interval (CI) 1.36-5.13] and major CHDs (aOR 7.30; 95% CI 3.18-15.59), compared to those without CHDs. A higher inhibin A level
(=2.5 MOM; aOR 4.84; 95% CI 1.42-12.46) was associated with non-chromosomal major CHDs.

Conclusion: Ultrasonography performed during the second trimester by obstetricians detected over 85% of critical CHDs. Low
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maternal serum PAPP-A or high inhibin-A was associated with non-chromosomal CHDs. These results may contribute to an im-

provement in prenatal diagnosis of CHDs.
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INTRODUCTION

A major purpose of fetal sonographic evaluation is to detect
congenital abnormalities to optimize counseling and care of
the fetus. Congenital heart disease (CHD) is the most common
birth defect (4 to 13/1000 live births) with significant morbid-
ity, and it is considered to be the leading cause of infant death
among congenital anomalies. Therefore, screening during the
second trimester for CHD via ultrasonography is very important.'
Prenatal diagnosis of critical CHD prior to planned neonatal
cardiac surgery could reduce the risk of death from cardiovas-
cular compromise.? In addition, the importance of interdisci-
plinary parental counseling for prenatally diagnosed congeni-
tal disease has been emphasized, especially for CHD.** A recent
study reported a significant increase in the possibility of delivery
after severe CHD has been diagnosed prenatally and addressed
via a multidisciplinary approach.*

Many risk factors have been identified for CHD, including
family history, teratogen exposure, known aneuploidy, and ma-
ternal diabetes, and more than 90% of cases occur in low-risk
patients.’ The guidelines for fetal cardiac screening during sec-
ond-trimester anatomical ultrasound were developed by the In-
ternational Society of Ultrasound in Obstetrics and Gynecology
(ISUOG) to improve antenatal detection rates and standardize
fetal cardiac screening examinations.® A nationwide study in
Denmark demonstrated that mortality from major CHDs de-
creased significantly when general prenatal heart screening
was conducted rather than selective prenatal heart screening.”
Recent evidence suggests an association between abnormal
placentation and CHDs in fetuses.*® Preeclampsia and CHDs
have been found to exhibit positive associations with reduced
levels of angiogenic biomarkers and increased levels of anti-an-
giogenic biomarkers in maternal serum or umbilical cord blood,
with low placental weight, with abnormal umbilical cord inser-
tions, and with abnormal placental perfusion assessed by uter-
ine artery pulsatile index.*® However, further studies are re-
quired to elucidate the association between abnormal
placentation markers and CHDs and to investigate an appro-
priate ultrasonographic screening protocol of the fetal heart
during the second trimester.

Second-trimester prenatal screening had been performed by
obstetricians in secondary or tertiary centers in South Korea.
The goal of the present analysis was to evaluate detection rates
and accuracy of ultrasound for CHD in the second trimester
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and associations for maternal serum biomarkers with risk of
CHD without chromosomal abnormalities.

MATERIALS AND METHODS

Study population

This study was designed as a secondary analysis of a multicenter
prospective cohort study in South Korea carried out from De-
cember 2016 to April 2018 at 12 different secondary or tertiary
healthcare centers. The aforementioned study had assessed
the cost-effectiveness of prenatal testing in women who were
screened for fetal aneuploidy. The protocol of this prospective
observational cohort study has been published.'” Pregnant
women (<24 weeks) who had received counselling for fetal an-
euploidy testing were invited to enroll in the original study. The
participants were stratified according to the risk of fetal chromo-
somal abnormalities based on previous pregnancy outcomes,
maternal demographic findings, maternal serum screening
(MSS) biomarkers, and fetal ultrasonographic findings, includ-
ing fetal nuchal translucency (NT), sonographic soft markers,
and any suspicious congenital anomalies. The pregnancy out-
comes were recorded, including gestational age at delivery,
neonatal birth weight, the presence of congenital anomalies,
and postnatal cytogenetics.

This secondary analysis included women with singleton preg-
nancies who underwent ultrasonography screening during the
second trimester. Women with spontaneous abortions, termi-
nations, fetal death in utero, and follow-up loss were excluded.
However, patients with terminations or those lost to follow-up
after a prenatal diagnosis of major congenital anomaly were in-
cluded in the final analysis.

Neonatal outcomes and congenital anomalies

Newborn outcomes were determined via physical examination
at birth or through any form of genetic testing and imaging.
Newborns with a normal physical examination were consid-
ered to be euploid in the absence of genetic testing. Congenital
anomalies were all considered as congenital disease as defined
in the Korean Standard Classification of Disease, 7th edition
(KCD-7, codes Q00-Q99), which have been modified from the
ICD-10. CHDs were confirmed via postnatal echocardiography
after birth to newborns suspected of having CHD based on
prenatal ultrasound or postnatal diagnosis. CHD requiring sur-
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geries or regular follow-up, such as hypoplastic left heart syn-
drome, atrioventricular septal defect (VSD), double outlet
right ventricle, double inlet ventricle, tetralogy of Fallot, trans-
position of the great arteries, situs inversus, Ebstein anomaly,
pulmonary or aortic valve stenosis or atresia, mitral or tricuspid
valve stenosis or atresia, abnormal pulmonary venous return,
interrupted aortic arch, coarctation of the aorta, ectopia cordis,
rhabdomyoma, cardiomegaly, and VSD were defined as the
major CHDs in this study. Isolated atrial septal defects were ex-
cluded from consideration for major CHDs, and patent duc-
tus arteriosus and persistent foramen ovale were not consid-
ered as CHDs.

Prenatal sonographic markers for congenital defect
Information was requested for all pregnant women regarding
NT ultrasound, aneuploidy screening, and diagnostic testing
for chromosomal abnormalities. For fetal NT, the measure-
ments performed between 11 and 13+6 gestational weeks were
selected. Sonographic soft markers for CHDs, included choroid
plexus cyst, echogenic bowel, echogenic intracardiac focus
(EIF), shortlong bone, short or absence of nasal bone, increased
nuchal fold, pyelectasis, single umbilical artery, and persistent
right umbilical vein (PRUV).

Fetal aneuploidy screening, and diagnostic testing

The screening tests for fetal aneuploidy included MSS or cell
free deoxyribonucleic acid (cfDNA) screening. MSS included
the Dual test [pregnancy associated plasma protein-A (PAPP-A),
total or free beta human chorionic gonadotropin (hCG)], Tri-
ple test [alpha fetoprotein (AFP), unconjugated estriol (uE3),
total hCG], Quad test (AFP, total hCG, uE3, inhibin A), inte-
grated test, and sequential test. The cfDNA screening analyzed
for trisomies 21, 18, and 13 and sex chromosomal abnormality.
The prenatal diagnostic tests included chorionic villus sampling
and amniocentesis. When the screening test showed a positive
result, counseling was performed on further evaluations.

Statistical analysis

The detection rate for CHD was calculated as the number of
CHDs suspected prenatally (live-born or terminated or follow-
up loss) divided by sum of CHD suspected prenatally and CHD
not diagnosed in prenatal ultrasonogram. We calculated the
sensitivity, specificity, positive prediction value, and negative
predictive value of prenatal screening ultrasound examinations
in the second trimester for all CHDs.

After excluding chromosomal abnormalities, we compared
maternal baseline characteristics, sonographic findings, and
MSS according to the severity of CHDs. We categorized the ma-
ternal serum biomarkers according to multiples of the median
(MOM) values for each of the markers as <2.5, <5.0, >95.0, and
>97.5th percentiles. For each biomarker’s cut-off, the associa-
tions between maternal serum biomarkers and non-chromo-
somal CHD were presented as odds ratios from logistic regres-
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sion analysis before and after adjustment for confounders.

We used a chi-squared test for categorical variables and anal-
ysis of variance with Bonferroni correction for continuous vari-
ables. A p value less than 0.05 was considered significant in-
cluding for multiple testing. Statistical analysis was conducted
using R package software (version 4.1.0; The R Foundation for
Statistical Computing, Vienna, Austria; http://www.r-project.
org).

The Institutional Review Boards of each participating institu-
tion, including College of Medicine, at the Catholic University
of Korea (KC160NMI0989), approved the original study of the
KPDS, as was previously stated.'” We followed the ethical stan-
dards for human experimentation provided by the Declaration
of Helsinki and obtained written consents from the participants.

RESULTS

A total of 6715 singleton pregnant women was enrolled in this
original study. Among them, 6491 women underwent screening
sonogram in the second trimester. After further excluding 95
women [27 parental chromosomal abnormalities, 28 neonatal
chromosomal abnormalities, 5 unknown birth outcomes with
suspicion of CHDs (4 VSD, 1 left superior vena cava), and 35 fol-
low-up loss], a total of 6397 women was included in the final
analysis (Fig. 1).

A CHD was identified in 142 cases (2.2%), and 67 newborns
(1.1%) were considered to have major CHDs postnatally. The
detection rate of any CHDs was 34.5% [95% confidence inter-
val (CI) 26.7-42.9], and that of major CHDs was 58.2% (95% CI
45.5-70.2) for a second trimester screening ultrasonogram. Af-
ter excluding isolated VSD (n=32), the detection rate of critical
CHDs reached 85.7% (95% CI 69.7-95.2). The sensitivity, speci-
ficity, and positive and negative predictive values for major
CHDs in women who underwent screening ultrasonogram in
the second trimester are listed in Table 1. Detection rates for
mitral stenosis (0%, 95% CI 0-97.5%) and pulmonary stenosis
(PS) (25.0%, 95% CI 0.6-80.6) were poor. The accompanying
chromosomal abnormalities, prenatal suspicion, and birth
outcomes for major CHD except isolated VSD are summa-
rized in Supplementary Table 1 (only online).

The maternal baseline characteristics of the women with no
confirmed neonatal chromosomal abnormality are presented
in Table 2. Women with non-chromosomal CHDs had a lower
gestational age at delivery, birthweight, and higher body mass
index than those in the non-cardiac defect group. Women with
non-chromosomal CHDs had significantly higher rates of a
low education level, lower house income, overt diabetes, ges-
tational diabetes, and epilepsy, compared to the non-cardiac
defect group (all p<0.05), but there was no difference between
major CHDs and the control group (all p>0.05). Women with
maternal CHDs had a higher rate of neonatal major CHDs than
the control group. Preterm birth (20.2% vs. 6.3%, p<0.001) and
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Enrolled singleton pregnancies (n=6715)

Not performed a screening sonogram (n=224)
= Live birth (n=150)
- No congenital anomaly (n=148)
- Congenital anomaly [n=2, non-cardiac (1), non-specified septal defect (1)]

A4

\ 4

renal dysplasia (1)]

= Unknown birth outcome (n=74)
- No suspicious of congenital structural abnormalities (n=35)
- Fetal chromosomal abnormalities (n=29)
- Prenatal suspicion of non-cardiac anomaly [n=10, neural tube defect (2), omphalocele (2), fetal hydrops (5),

Singleton pregnancies performed second trimester
screening ultrasonogram (n=6491)

4

A4

Exclusion (n=94)
= Parent chromosomal abnormalities (n=27)
= Neonatal chromosomal abnormalities (n=28)
= Unknown birth outcome (n=39)
- No prenatal suspicion of congenital anomalies (n=34)
- Prenatal suspicion of congenital heart diseases [n=5, ventricular septal defect (4), persistent superior vena

cava (1)]

Singleton pregnancies except for cases with abnormal parental and
fetal/neonatal karyotype (n=6397)

Fig. 1. Flow chart of study population.

Table 1. Detection Rates of CHDs by a Second Trimester Screening Ultrasonogram

CHD Fetus with CHD detected Sensitivity Specificity PPV NPV
CHD (n) prenatally (n) [% (95% CI)] [% (95% CI)] [% (95% CI)] [% (95% CI)]
All CHD (any suspicious) 142 49 34.5(26.7-42.9) 98.8 (98.5-99.0) 38.9(30.3-48.0) 98.5(98.2-98.8)
Major CHD 67 39 58.2 (45.5-70.2) 99.2 (99.0-99.4) 44.8 (34.1-55.9) 99.6(99.4-99.7)
Isolated VSD 32 9 28.1(13.7-46.7) 99.3(99.1-99.5) 17.0(0.8-29.8) 99.6(99.5-99.8)
Critical CHD 3 29 85.7 (69.7-95.2) 100.0(99.9-100.0)  90.9(75.7-98.1) 99.9(99.8-100.0)
Hypoplastic left heart syndrome 3 3 100.0(29.2-100.0)  100.0(99.9-100.0) 100.0(29.2-100.0)  100.0(99.9-100.0)
Atrioventricular septal defect 5 4 80.0(28.4-99.5) 100.0(99.9-100.0) 100.0(39.8-100.0)  100.0(99.9-100.0)
Double outlet right ventricle 4 4 100.0(39.8-100.0)  100.0(99.9-100.0) 100.0(39.8-100.0)  100.0(99.9-100.0)
Pulmonary atresia 2 2 100.0(15.8-100.0)  100.0(99.9-100.0) 100.0(15.8-100.0) 100.0(99.9-100.0)
Tetralogy of Fallot 5 4 80.0 (28.4-99.5) 100.0(99.9-100.0) 100.0(39.8-100.0)  100.0(99.9-100.0)
Pulmonary stenosis 4 1 25.0(0.6-80.6) 100.0(99.9-100.0)  33.3(0.8-90.6) 100.0(99.9-100.0)
Transposition of the great arteries 2 2 100.0(15.8-100.0)  100.0(99.9-100.0) 100.0(15.8-100.0)  100.0(99.9-100.0)
Situs inversus 2 2 100.0(15.8-100.0)  100.0(99.9-100.0) 100.0(15.8-100.0)  100.0(99.9-100.0)
Abnormal pulmonary venous return 1 1 100.0(25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Aortopulmonary septal defect 1 1 100.0 (25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Interrupted aortic arch 1 1 100.0(25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Ebstein anomaly 1 1 100.0(25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Ectopic cordis 1 1 100.0(25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Rhabdomyoma 1 1 100.0 (25.0-100.0)  100.0(99.9-100.0) 100.0(25.0-100.0)  100.0(99.9-100.0)
Mitral stenosis 1 0 0(0-97.5) 100.0(99.9-100.0) Not available 100.0 (99.9-100.0)
Cardiomegaly 2 2 100.0(15.8-100.0)  100.0(99.9-100.0) 100.0(15.8-100.0)  100.0(99.9-100.0)

CHD, congenital heart disease; Cl, confidence interval; PPV, positive predictive value; NPV, negative predictive value; VSD, ventricular septal defect.
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Table 2. The Maternal Baseline Characteristics of Women with or without CHD of Their Fetus in the Study Population

Characteristics No CHD (n=6267) Any CHD (n=130)  pvalue Minor CHD (n=71) Major CHD (n=59)  pvalue*

Maternal age, yr 33.6+3.9 33.8+38 0.634 345+39 329435 0.045°
Gestational age, at delivery, wk 38.9+1.7 37.2+4.3 <0.001 37.6+3.3 36.7£5.3 <0.0012*
Cesarean section 2743 (43.9) 72 (55.4) 0.012 41 (57.7) 31(52.5) 0.028
Birth weight, g 3177.8+458.5 2926.9+895.7 0.002 3025.0+806.8 27955+995.5 <0.0012*
Gestational age, at sonogram, wk 21.7+1.7 21.5+19 0.200 215+16 21.5+2.2 0.440
Assisted reproductive technique 760(12.2) 14(10.9) 0.772 8(11.4) 6(10.3) 0.896
Nulliparity 3812 (60.8) 74(56.9) 0.417 36 (49.3) 38(64.4) 0.187
BMI at pre-pregnancy, kg/m? 21.4+3.0 21.9+35 0.104 22.0+36 21.7+35 0.232
Married 6096 (97.3) 125(96.2) 0.608 69(97.2) 56 (94.9) 0.539
Low education level® 447 (7.1) 18 (13.8) 0.006 13(18.3) 5(8.5) 0.0012
Low family income level* 640(10.2) 26 (20.0) 0.001 16 (22.5) 10(16.9) 0.001°
Maternal medical disease

Overt diabetes 90(1.4) 6(4.6) 0.010 4(5.6) 2(3.4) 0.007°

GDM 397(6.3) 20(15.4) <0.001 15(21.1) 5(8.5) <0.0012¢

Hypertension 86 (1.4) 4(3.1) 0.209 2(2.8) 2(3.4) 0.254

Epilepsy 11(0.2) 2(1.5) 0.015 2(2.8) 0(0.0) <0.0012¢

CHD 21(0.3) 3(2.3) 0.004 1(1.4) 2(3.4) <0.001°
Pregnancy outcome

Preterm birth 395(6.3) 26(20.2) <0.001 18(25.4) 8(13.8) <0.0012¢

Fetal growth restriction® 216(3.5) 9(7.0) 0.054 3(4.3) 6(10.3) 0.017°

Placenta abruptio 28(0.4) 4(3.7) <0.001 3(4.3) 1(1.7) <0.001®

CHD, congenital heart disease; BMI, body mass index; GDM, gestational diabetes mellitus.

The data are presented as a meanstandard deviation or number (%).

*Tukey post-hoc analysis was used to assess the following: a. significant differences between No CHD and Minor CHD, b. significant differences between No
CHD and Major CHD, and c. significant differences between Minor CHD and Major CHD; "Low education level was defined as not having graduated from high
school; *Low household income was defined as a monthly income of less than 3 million Korean won; *Fetal growth restriction was defined as birth weight less
than the 5th percentile.

Table 3. The Sonographic Soft Markers and Maternal Serum Screening Markers according to the Presence of CHDs in the Study Population

Characteristics No CHD (n=6267) Any CHD (n=130) pvalue Minor CHD (n=71) Major CHD (n=59) pvalue*
Nuchal translucency (n=6011)
>25mm 203/5890 (3.4) 10/121(8.3) 0.010 3/67 (4.5) 7/54(13.0) 0.001°
>3.0mm 74/5890 (1.3) 6/121 (5.0 0.002 2/67(3.0) 4/54(7.4) 0.002°
>3.5mm 38/5890 (0.6) 2/121(1.7) 0.433 0(0) 2/54(3.7) 0.018°¢
Maternal serum marker
High risk for down syndrome (n=5078) 411/4974 (8.3) 13/104 (12.5) 0.172 7/58(12.1) 6/45 (13.0) 0.298
High risk for edward syndrome (n=4883) 26/4782 (0.5) 1/101(1.0) 0.549 0(0) 1/45(2.2) 0.273
High risk for NTD (n=5454) 32/5347 (0.6) 5/107 (4.7) <0.001 1/62 (1.6) 4/45(8.9) <0.001%¢
Sonographics soft marker
Any soft marker 324(5.2) 21(16.2) <0.001 12(16.9) 9(15.3) <0.0012®
Choroid plexus cyst 111(1.8) 2(1.6) 0.922 2(2.9) 0(0) 0.463
Echogenic intracardiac foci 33(0.5) 6(4.6) <0.001 6(8.5) 0(0.0) <0.0013¢
Nuchal fold 46 (0.7) 2(15) 0.590 0(0) 2(3.4) 0.048°
Pyelectasis 105(1.7) 6(4.6) 0.028 2(2.8) 4(6.8) 0.009°
Single umbilical artery 25(0.4) 5(3.8) <0.001 2(2.8) 3(5.1) <0.0012°
Persistent right umbilical vein 7(0.1) 1(0.8) 0.398 0(0) 1(1.7) 0.003¢
Echogenic bowel 43(0.7) 1(0.8) 0.853 0(0) 1(1.7) 0.505
Absence or short nasal bone 5(0.1) 0(0.0) 1.000 0(0) 0(0) 0.949
Short long bone 11(0.2) 0(0.0) 1.000 0(0) 0(0) 0.892

CHD, congenital heart disease; NTD, neural tube defect.

Data are presented as numbers (%).

*Tukey post-hoc analysis was used to assess the following: a. significant differences between No CHD and Minor CHD, b. significant differences between No
CHD and Major CHD, and c. significant differences between Minor CHD and Major CHD.
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Table 4. Correlations Between Maternal Serum Analytes and CHDs in the Study Population

Maternal serum analyte  No CHD All CHD Odds ratio (95% CI) Major CHD Odds ratio (95% CI)
(percentile) (n=6267) (n=130) Unadjusted Adjusted* (n=59) Unadjusted Adjusted*

PAPP-A 4002 82 32

<2.5(0.311 MOM) 90(2.2) 9(11.0) 5.36(2.34-10.52)  5.21(2.34-10.37) 7(21.9)  12.17(4.75-27.47) 12.77 (4.94-29.23)

<5.0(0.399 MOM) 191(4.8) 11(13.4) 3.09(1.53-5.69) 2.92(1.43-5.42) 9(28.1) 7.81(3.38-16.56)  7.91(3.40-16.95)

<0.4 MOM 204 (5.1) 11(13.4) 2.88(1.43-5.31) 2.76 (1.36-5.13) 9(28.1) 7.29(3.16-15.43)  7.30(3.15-15.59)
AFP 5363 108 45

>95.0(1.737 MOM) 257 (4.8) 8(7.4) 1.59(0.70-3.10) 1.44(0.6-2.94)* 4(8.9) 1.45(0.35-4.01)  2.05(0.61-5.18)*

>97.5(1.977 MOM) 123(2.3) 7(6.5) 2.95(1.22-6.05) 2.80(1.07-6.07) 4(8.9) 3.09(0.74-8.65)  4.51(1.33-11.47)

>2.0 MOM 117 (2.2) 7(6.5) 3.11(1.29-6.37) 2.95(1.13-6.40) 4(8.9) 325(0.78-9.11)  4.75(1.40-12.11)

>2.5MOM 34(0.6) 5(4.6) 7.61(2.57-18.20)  6.76(1.95-17.89) 4(8.9) 11.14(2.61-32.58) 16.93 (4.84-45.79)
[nhibin A 4739 98 41

>95.0(2.067 MOM) 220(4.6) 6(6.1) 1.34(0.52-2.84)  1.34(0.52-2.88) 4(9.8) 2.22(0.66-5.60)  2.32(0.69-5.90)

>97.5(2.460 MOM) 107 (2.3) 4(4.7) 1.84(0.56—4.51) 0.75(0.52-4.33) 4(9.8) 468(1.38-11.93) 4.48(1.32-11.53)

>25MOM 100 (2.1) 4(4.7) 1.97(0.60-4.84) 1.89(0.57-4.70) 4(9.8) 5.02(1.48-12.81) 4.84(1.42-12.46)

CHD, congenital heart disease; PAPP-A, pregnancy associated plasma protein-A; MOM, multiples of the median; AFP. alpha fetoprotein; Cl, confidence interval.

Data are presented as numbers (%).

*Adjusted for maternal age, increased nuchal translucency more than 25 mm, and any soft marker.

placental abruption (3.1% vs. 0.4%, p<0.001) occurred more fre-
quently in the CHDs group than in the control group. However,
these differences were not found between the control group
and the major CHD group (all p>0.05).

Table 3 shows the sonographic findings and MSS according
to individual CHDs. A thickened NT (>2.5 mm and >3.0 mm)
and an increased risk of neural tube defect (NTD) in MSS were
significantly higher in women with any and with major CHDs,
compared to women without CHDs. Sonographic soft markers
including EIF (4.6% vs. 0.5%), pyelectasis (4.6%, vs. 1.7%), and
single umbilical artery (3.8% vs. 0.4%) were more frequently
observed in women with any CHDs than in the control group
(all p<0.05, respectively). Women with major CHD had higher
frequency of the increased nuchal fold (3.4% vs. 0.7%), pyelec-
tasis (6.8% vs. 1.7%), single umbilical artery (5.1% vs. 0.4%), and
PRUV (1.7% vs. 0.1%) than women in the control group (all p<
0.05). EIF in minor CHDs (8.5%) was significantly higher than
that in the control group (0.5%, p<0.001), and there were no sig-
nificant differences between the major CHD group and the
control group (0.0% vs. 0.5%, p>0.05).

Correlations between the maternal serum biomarkers and
non-chromosomal CHD are presented in Table 4. Women with
CHD had significantly lower PAPP-A, compared to those in the
non-cardiac defect group, yielding an adjusted odds ratio (aOR)
of 5.21 (95% CI 2.34-10.37) for the less than 2.5th percentile
(0.311 MOM), 2.92 (95% CI 1.43-5.42) for less than the 5th
percentile (0.399 MOM), and 2.76 (95% CI 1.36-5.13) for less
than 0.4 MOM, respectively. Also, women with a lower level of
first trimester PAPP-A had also a higher rate of major CHDs
[aOR 12.77 (95% CI 4.94-29.23) for less than 2.5th percentile,
aOR 7.91 (95% CI 3.40-16.95) for less than 5th percentile, and
aOR 7.30 (95% CI 3.15-15.59) for less than 0.4 MOM, respec-
tively]. In the second trimester, a high maternal serum AFP
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more than the 97.5th percentile was associated with increased
risks of CHDs [aOR 2.80 (95% CI 1.07-6.07)] and major CHDs
[aOR 4.51 (95% CI 1.33-11.47)]. Women with major CHDs had
significantly higher inhibin-A levels, compared to those in the
non-cardiac defect group, yielding an aOR of 4.48 (95% CI
1.32-11.53) for more than the 97.5th percentile (2.460 MOM)
and 4.84 (95% CI 1.42-12.46) for more than 2.5 MOM, respec-
tively. Other maternal serum analytes were not associated with
non-chromosomal CHDs.

In women with fetal isolated VSD or PS, low serum PAPP-A
(<0.4 MOM, 28.6% vs. 5.1%), high AFP (22.5 MOM, 6.9% V.
0.6%), and high inhibin-A (>2.5 MOM, 11.5% vs. 2.1%) were
associated with an increased risk of fetal CHD, yielding ORs of
7.45 (95% CI 2.63-18.53), 11.61 (95% CI 1.83-40.92), and 6.05
(95% CI 1.42-17.75), respectively. Also, in women with major
fetal CHDs, except isolated VSD or PS, low serum PAPP-A (<0.4
MOM, 27.3% vs. 5.1%) and high AFP (2.5 MOM, 12.5% vs. 0.6%)
were associated with an increased risk of fetal CHD, yielding
ORs of 6.98 (95% CI 1.52-24.34) and 22.39 (95% CI 3.43-84.31),
respectively. However, in women with major fetal CHDs ex-
cluding isolated VSD and PS, high maternal serum inhibin-A
(=2.5 MOM, 6.7% vs. 2.1%, p=0.745) was not associated with
the risk of fetal CHD.

DISCUSSION

This study found significant associations of both lower maternal
serum PAPP-A in the first trimester and higher maternal serum
AFP in second trimester with an increased risk of non-chromo-
somal CHD. Lower serum PAPP-A or higher AFP, as well as
higher inhibin-A, were significantly more common in women
with fetal major non-chromosomal CHD than those without fe-
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tal CHDs.

The development processes of the heart and placenta share
the same regulatory pathways, and placental dysfunction is
considered to be a contributor to the development of CHD.'"*?
PAPP-A is an angiogenic biomarker produced mainly in placen-
tal trophoblasts, and low PAPP-A is associated with chromo-
somal anomalies.”*** Previous studies have indicated that low
maternal serum PAPP-A is associated with an increased risk of
fetal CHD.'>'¢ This study also found that women with low PAPP-
A (20.4 MOM) in the first trimester had an increased risk of fetal
non-chromosomal CHDs [aOR 2.76 (95% CI 1.36-5.13)], and
even a greater risk of major fetal CHDs [aOR 7.30 (95% CI 3.15-
15.59)]. More than one-fourth (28.1%) of major CHDs occurred
in women with low PAPP-A levels less than 0.4 MOM.

AFP is a major protein in fetal serum, and it increases in ma-
ternal serum for women with fetal integument defects.'” Data
on the association between maternal serum AFP and fetal CHD,
however, are discrepant across studies.’** In this study, women
with a high AFP (>2.5 MOM, that is, cutoff for risk of NTD) had
six-fold higher odds of CHD and 16-fold higher odds of major
CHDs even without fetal integument defects. This finding is
consistent with the study of Jelliffe-Pawlowski, et al.’ We sus-
pect that women with high serum AFP (>2.5 MOM) may need
detailed ultrasound examination not only for NTDs but also
for CHDs.

Inhibin A is a glycoprotein produced by the placenta and is
associated with fetal Down syndrome.*! Previous studies have
reported that an increase of inhibin A is associated with adverse
pregnancy outcomes, such as preeclampsia, fetal growth re-
striction, and preterm birth.?* In contrast, there is limited in-
formation on the association between congenital malforma-
tion and an increased level of inhibin-A.* This study found an
association between maternal serum inhibin-A in the second
trimester with major fetal CHDs, but not with overall fetal car-
diac defects. Women with high inhibin-A (>2.5 MOM) had a 4.8-
fold (95% CI 1.42-12.46) increased risk of major non-chromo-
somal fetal CHDs. Since several studies have suggested shared
pathways for development of the heart and placenta, it seems
that increased levels of inhibin-A show a significant association
with CHDs, although the causes and consequences are still un-
clear.?*?® In addition, severe isolated fetal CHDs have been
found to be more likely associated with placental vascular mal-
perfusion, which were consistent with the result of this study.”*

In this study, prenatal detection rates of any CHD and ma-
jor CHDs were 34.5% and 58.2%, respectively. After excluding
isolated VSD, the detection rate of major CHD reached 85.7%.
PS (25%) and isolated VSD (28.1%) showed relatively low de-
tection rates. However, associations between maternal serum
markers with fetal CHDs were consistent, even in women with
fetal PS or isolated VSD. Although isolated PS is a relatively
common form of CHD, with a prevalence of about 0.7 per
1000 live births,* the prenatal diagnosis of valvar PS has been
reported to be as low as 3.2%.***' Since severe cyanosis and hy-
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poxia may develop in affected infants, the prenatal detection of
PS is important to provide optimal care in a tertiary care hospi-
tal by administering prostaglandins to prevent closure of the
ductus arteriosus in the neonatal period until definitive treat-
ment has been provided. The addition of a color Doppler eval-
uation of the fetal heart during routine second-trimester sonog-
raphy in low-risk patients had been reported to improve the
detection rates for valvular abnormalities including PS.*** Our
findings can be used to improve prenatal detection of isolated
VSD and PS in a low-risk population. In women with low PAPP-
A, high AFP, or high inhibin-A, even if major heart abnormali-
ties are not found on detailed sonography in the second trimes-
ter, efforts might be continued to find CHDs including isolated
VSD or PS using an additional ultrasonogram with or without
color Doppler.

Different pathophysiologic pathways of fetal PS show various
ultrasonographic presentations in the early mid-trimester, re-
sulting in some cases of missed diagnoses in mid-trimester ul-
trasonography.* Although there was no case of fetal aortic ste-
nosis in this study, the prenatal detection of aortic stenosis is
very difficult in the second trimester due to a relatively normal
four-chamber view, and about 20% of critical aortic sternosis
cases are diagnosed in the third trimester due to progressive left
ventricular dysfunction and other physiologic aberrations, sug-
gestive of hemodynamically significant obstruction.***® Since
some valvular abnormalities cannot be detected until at least 30
gestational weeks, the fetal echocardiography guidelines in Ja-
pan suggest another fetal heart screening at approximately 30
gestational weeks with the routine use of color Doppler.*” When
women have abnormal serum screening markers, a detailed
ultrasonogram in the third trimester needs to be discussed to
improve prenatal detection of CHD, especially for those with
avalvular disease.

Our study has some limitations. There were cases lost to fol-
low up and cases where prenatal diagnosis could not be vali-
dated, such as those terminated after diagnosis without an au-
topsy. Another limitation is that the sample size of our study is
relatively small. A further large-scale prospective study is need-
ed to evaluate clinical applications and to assess risks accord-
ing to the type of CHDs. However, our study has the strength
in its multicenter prospective nature. To our knowledge, this is
the first study to show an association between maternal serum
inhibin A and major CHD. Fetuses with CHDs are more vul-
nerable to a hypoxic environment, so there is increased impor-
tance in antenatal and postnatal development for CHD fetuses
with placental malperfusion.®®* This study can contribute to
improving prenatal detection of CHD by selecting high risk
mothers with maternal serum markers for aneuploidy.

In conclusion, this study suggests that screening ultrasono-
gram performed at second trimester is useful in the prenatal
diagnosis of critical CHDs and that abnormal maternal serum
biomarkers of aneuploidy are associated with non-chromo-
somal CHDs. A detailed obstetric ultrasound or fetal echocar-
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diography can be useful to detect major CHDs in women with
low PAPP-A (<0.4 MOM) or with high AFP or inhibin A (>2.5
MOM) during second serum screening for aneuploidy. Prospec-
tive large-scale studies may be required to verify the predictive
value of abnormal biomarkers in MSS and further detailed fe-
tal heart screening in women with abnormal MSS.
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