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ABSTRACT

Background: Research on fetal congenital heart defect (CHD) mostly focuses on etiology and mechanisms. How-
ever, studies on maternal complications or pathophysiology are limited. Our objective was to determine whether
vascular dysfunction exists in pregnant women carrying a fetus with congenital heart defects. Methods: We con-
ducted a case-control study. 27 cases of pregnant women carrying a fetus with major CHD admitted to our hos-
pital for delivery between April 2021 and August 2022 were selected. Every case was matched with about
2 pregnant complication-free controls without fetal abnormalities. The proangiogenic and anti-angiogenic factors
and pregnancy outcomes were compared. Results: The proangiogenic factors include vascular endothelial growth
factor (VEGF) and placental growth factor (PlGF). The anti-angiogenic factors involve soluble fms-like tyrosine
kinase 1 (sFlt-1) and soluble endoglin (sEng). No differences were found in maternal plasma concentrations of
PlGF, VEGF, and sFlt-1 between case-control groups when analyzed at 36 weeks ≤ gestational age (GA) < 39 weeks
and 39 weeks ≤ GA ≤ 41 weeks. The concentrations of sEng in maternal plasma in the fetal CHD group were
significantly higher than those in the control group: 0.60 (0.77) vs. 0.32 (0.26) ng/ml at 36 weeks ≤ GA < 39 weeks,
p = 0.001 and 0.75 (0.55) vs. 0.28 (0.27) ng/ml at 39 weeks ≤ GA ≤ 41 weeks, p < 0.001. Conclusion: Vascular
dysfunction exists in pregnant women with fetal congenital heart defects, manifesting significantly elevated sEng
concentration at delivery.
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1 Introduction

Congenital heart defects (CHDs) are the most common birth defects, with a prevalence of 0.8% in the
general population [1]. The heart and great vessels are the major abnormalities, accounting for about 20% of
all stillbirths and 30% of neonatal deaths [2]. Approximately half of the cases usually require one or more
surgical procedures in the neonatal period or during childhood, causing a significant burden not only to
CHD families but also to society [3]. Although significant advances have been achieved in the
mechanisms of determining heart formation, the causes and risk factors for CHD in humans still remain
unknown [4].

Research on fetal CHD mostly focuses on etiology and mechanisms. However, studies on maternal
complications or pathophysiology are limited. Llurba and his colleagues first reported that maternal
proangiogenic imbalance was associated with fetal congenital heart defects. These proangiogenic factors
include vascular endothelial growth factor (VEGF) and placental growth factor (PlGF) [5]. The anti-
angiogenic factors consist of soluble fms-like tyrosine kinase 1 (sFlt-1) and endoglin (sEng). They
revealed that, in isolated critical fetal heart defects, maternal serum PlGF declined and sFlt-1 elevated at
18–37 weeks of gestation, indicating damaged placental angiogenesis. But no differences were found in
sEng. These same factors are abnormally altered in preeclampsia, a pregnancy-induced disorder
characterized by hypertension and proteinuria developing after 20 weeks of gestation in pregnant women
who were previously normotensive. Excess soluble endoglin and sFlt-1 relative to PlGF and VEGF were
noted in preeclampsia [6]. Two years later, Nathalie Auger and his colleagues conducted a population-
based investigation involving 1,942,072 neonates and proved that preeclampsia was significantly
associated with heart defects in offspring [7]. These studies indicated that there is a correlation between
maternal preeclampsia and fetal CHD and they may have a shared pathway.

Since preeclampsia is a systemic vascular disease characterized by endothelial dysfunction [8], we
hypothesize that there is also a vascular dysfunction in pregnant women carrying a fetus with CHD.
Although Llurba et al. have described the maternal imbalanced angiogenic factors in pregnant women
with fetal CHD, the range of the study gestational ages was broad (18–37 weeks of gestation) and they
did not illustrate whether the maternal vascular dysfunction extended to the delivery time. To solve the
above problem, we designed this case-control study. Firstly, we tested the proangiogenic and anti-
angiogenic factors in maternal plasma in case-control groups at delivery and then analyzed the
correlations between these factors and maternal or fatal clinical characteristics.

2 Methods

2.1 Study Design and Subjects
This was a case-control study. We enrolled all pregnant women admitted to the Obstetrical Department

of Guangdong Provincial People’s Hospital between April 2021 and August 2022 for fetus cardiac defect.
The inclusion criteria for the case group were: (1) singleton pregnancy with gestational age between
36 and 41 weeks; (2) fetus was examined by a fetal cardiologist and confirmed to have a major
congenital defect after birth. The exclusion criteria contained: (1) fetus with other structural defects
determined by prenatal ultrasound screening; (2) fetal growth restriction, defined by low birth weight
(<2500 g) (3) aberrant Doppler result of umbilical artery before delivery; (4) fetuses with genetic
abnormalities; (5) with maternal disease, such as preeclampsia, diabetes, intrahepatic cholestasis of
pregnancy, heart disease, renal disease, liver disease and hemopathy. Every case was matched with two
healthy pregnant controls whose neonates have normal phenotypes. At last, 27 cases of pregnant women
carrying a fetus with critical CHD and 55 controls were selected. The flowchart is shown in Fig. 1.
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2.2 Samples and Variables
Maternal venous blood was drawn one day before delivery or at delivery and processed within 1 h.

Plasma was separated by centrifugation at 3000 rpm for 15 min at 4°C, and samples were quickly stored
at −80°C.

VEGF (R&D Systems), PlGF (Biosharp), sFlt-1 (Arigo), and sEng (Cusabio) concentrations in the
maternal plasma were measured by ELISA kits.

2.3 Statistical Analysis
The continuous variables with normal distribution were denoted as the mean ± standard deviation (SD),

whereas the variables with non-normal distribution were denoted as the median (interquartile range). The
Kolmogorov–Smirnov test checked if the distribution of the continuous variables meet a criterion of the
normality. If the hypothesis of normality was satisfied, data were analyzed by the independent-sample
Student’s t-test; otherwise, the non-parametric Mann–Whitney U-test was undertaken. The categorical
variables were presented as number (percentage) and analyzed by Pearson Chi-Square test.

Figure 1: Flowchart of subjects selection
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Spearman’s correlation analysis was adopted to relate maternal sEng concentration to placental weight,
neonate birth weight, length, and head circumference in the study population.

Pearson’s correlation analysis was used to relate placental weight to neonate birth weight in the study
groups.

The p threshold applied for significant differences was <0.05 (two-sided). Statistical analysis was
performed using Statistical Product and Service Solutions software (IBM SPSS 25.0, Armonk, NY, USA).

3 Results

3.1 Demographic and Clinical Characteristics
Eighty-two subjects were invovled in the study, including 27 cases and 55 controls. In case group, major

fetal cardiac defects were shown in Table 1. Tetralogy of Fallot and transposition of the great arteries were the
main type of CHD, accounting for 29.6%, respectively.

Maternal characteristics and pregnancy outcomes were presented in Table 2. Compared with control
group, pregnant women carrying a CHD fetus manifested higher rates of altering to Cesarean section
(55.56% vs. 21.82%, p = 0.002) and fetal heart rate deceleration (25.93% vs. 7.27%, p = 0.020) at
delivery. Although the median value of Apgar scores at 1 min of newborns in two groups were both 10,
significant differences were found in two groups (p = 0.003). This result indicated that the Apgar scores
at 1 min of newborns with CHD were lower than that of infants with normal phenotype.

Table 1: Classification of fetal cardiac defects in case group

Cardiac defect Number (p)

Tetralogy of fallot 8 (29.6)

Transposition of the great arteries 8 (29.6)

Double-outlet right ventricle 1 (3.7)

Ventricular septal defect 3 (11.2)

Atrioventricular septal defect 1 (3.7)

Total anomalous pulmonary venous connection 2 (7.4)

Interruption of aortic arch 2 (7.4)

Pulmonary stenosis 1 (3.7)

Ebstein’s anomaly 1 (3.7)
Note: p: Percentage.

Table 2: Clinical characteristics and perinatal outcomes of pregnant women in the case–control study population

CHD (n = 27) Control (n = 55) p-value

Maternal age (years) 31.00 ± 4.80 31.65 ± 4.47 0.545

BMI 26.01 ± 2.78 26.72 ± 2.54 0.256

BMI > 25 (p) 15 (55.56) 41 (74.55) 0.082

Current smoker or quit after last menstrual period 0 0 –

Passive smoker during pregnancy 7 (25.93) 13 (23.64) 0.821
(Continued)
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3.2 Comparisons of Proangiogenic/Anti-Angiogenic Factors in Maternal Plasma
The proangiogenic factors include PlGF and VEGF. The anti-angiogenic factors consist of sFlt-1 and

sEng. The gestational age (GA) at sampling was stratified into two layers: 36 weeks ≤ GA < 39 weeks
group and 39 weeks ≤ GA ≤ 41 weeks group. No significant differences were detected in demographic
characteristics between the case-control populations after stratification. No differences were found in
maternal plasma concentrations of PlGF, VEGF, and sFlt-1 between the case-control groups when
analyzed at 36 weeks ≤ GA < 39 weeks and 39 weeks ≤ GA ≤ 41 weeks (Tables 3 and 4). The
concentrations of sEng in maternal plasma in fetal CHD group were significantly higher than those in
control group: 0.60 (0.77) vs. 0.32 (0.26) ng/ml at 36 weeks ≤ GA < 39 weeks, p = 0.001 and 0.75 (0.55)
vs. 0.28 (0.27) ng/ml at 39 weeks ≤ GA ≤ 41 weeks, p < 0.001 (Tables 3 and 4).

Table 2 (continued)

CHD (n = 27) Control (n = 55) p-value

Medication during pregnancy (p)
Aspirin
Low molecular weight heparin
No medication

1 (3.70)
0 (0.00)
26 (96.30)

1 (1.82)
2 (3.64)
52 (94.54)

0.535

Conception
Spontaneous
Assisted

22 (81.48)
5 (18.52)

51 (92.73)
4 (7.27)

0.126

Parity
Nulliparous
Parous

15 (55.56)
12 (44.44)

31 (56.36)
24 (43.64)

0.945

GA at sampling (weeks)
36 ≤GA < 39
39 ≤GA ≤ 41

37.82 ± 0.83
39.53 ± 0.45

38.23 ± 0.51
39.82 ± 0.51

0.114
0.071

Systolic pressure at enrollment (mmHg) 114.33 ± 10.34 114.09 ± 8.90 0.913

Diastolic pressure at enrollment (mmHg) 73.89 ± 7.51 75.16 ± 6.37 0.425

Maternal serum cholesterol concentration (mmol/L)∗ 6.25 (1.63) 6.77 (1.14) 0.147

Delivery pattern (p)
Vaginal delivery
Cesarean section
Forceps delivery

11 (40.74)
15 (55.56)
1 (3.70)

43 (78.18)
12 (21.82)
0 (0.00)

0.001
0.002
0.151

Fetal heart rate deceleration at delivery (p) 7 (25.93) 4 (7.27) 0.020

Placental weight (g) 563.00 ± 83.73 587.73 ± 54.91 0.171

Birth weight of newborn (g) 3196.11 ± 309.68 3276.09 ± 329.46 0.295

Length of newborn (cm) 50.00 (1.00) 50.00 (1.00) 0.236

Head circumference of newborn (cm) 34.00 (2.00) 34.00 (2.00) 0.797

Apgar score of newborn at 1 min 10.00 (1.00) 10.00 (0.00) 0.003
Notes: BMI: Body mass index; GA: Gestational age; mmHg: Millimeters of mercury; g: Gram; cm: Centimeter; p: Percentage; mmol/L: Micromole
per litre; ∗73 cases were available: n = 26 in CHD group and n = 47 in control group. Values expressed as means ± SD, median (interquartile range) or
as number (percentage). Comparisons with the control group by Pearson Chi-Square test for categorical variables and independent-sample Student’s t-
test or Mann–Whitney U-test for continuous variables.
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3.3 Correlations between Maternal Plasma sEng Concentration and Placental Weight
A negative and significant correlation between maternal plasma sEng concentration and placental weight

was detected in the study population (Spearman r: −0.221, p = 0.046) (Fig. 2). We also found that placental
weight was positively correlated to neonate birth weight, showing a significant difference (Pearson r: 0.662, p
< 0.001) (Fig. 3). There were no correlations between maternal sEng concentration and neonate birth weight,
length, and head circumference in the study population.

Table 3: Maternal plasma concentration of placental growth factor, vascular endothelial growth factor, soluble
fms-like tyrosine kinase-1, and soluble endoglin in the study groups at 36 weeks ≤ GA < 39 weeks

CHD Control t/Mann–Whitney U p-value

PlGF (pg/ml) 60.34 ± 50.73 43.44 ± 27.37 1.048 0.305

VEGF (pg/ml) 9.53 (11.62) 6.65 (4.48) 75.000 0.202

sFlt-1 (pg/ml) 7382.37 (11527.11) 9931.90 (10279.47) 84.000 0.980

sEng (ng/ml) 0.60 (0.77) 0.32 (0.26) 28.000 0.001
Note: Values expressed as means ± SD or median (interquartile range). Comparisons with the control group by independent-sample Student’s t-test or
Mann–Whitney U-test.

Table 4: Maternal plasma concentration of placental growth factor, vascular endothelial growth factor, soluble
fms-like tyrosine kinase-1, and soluble endoglin in the study groups at 39 weeks ≤ GA ≤ 41 weeks

CHD Control t/Mann–Whitney U p-value

PlGF (pg/ml) 32.77 (40.71) 21.70 (32.93) 126.000 0.151

VEGF (pg/ml) 10.24 (9.00) 5.94 (3.58) 120.000 0.061

sFlt-1 (pg/ml) 14267.34 ± 5087.51 13669.48 ± 4368.21 0.401 0.690

sEng (ng/ml) 0.75 (0.55) 0.28 (0.27) 61.500 <0.001
Note: Values expressed as means ± SD or median (interquartile range). Comparisons with the control group by independent-sample Student’s t-test or
Mann–Whitney U-test.

Figure 2: Correlation between maternal plasma sEng concentration and placental weight. Spearman
r: −0.221, p = 0.046
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4 Discussion

Our experiments found that, in major fetal congenital heart defects, maternal plasma soluble endoglin
concentrations were significantly elevated at delivery, suggesting maternal vascular dysfunction.
However, no differences were found in maternal plasma levels of PlGF, VEGF, and sFlt-1 between case-
control groups. This study provides the first evidence that excess sEng exists in pregnant women carrying
a fetus with CHD.

Vascular endothelial growth factors (VEGF) are secreted dimeric glycoproteins, participating in
vasculogenesis and angiogenesis [9]. This family consists of VEGF-A and placental growth factor (PlGF)
in humans. VEGF-A (often called VEGF) is the first discovered and prototypical protein in this family.
VEGF is also a proangiogenic factor, responsible for the proliferation and survival of endothelial cells. In
addition, It can induce vascular permeability [10]. PlGF is a VEGF homolog derived from the placenta,
possessing proangiogenic activity [11]. The anti-angiogenic factor, soluble fms-like tyrosine kinase
(sFlt-1, the other name is sVEGFR-1) is a soluble form of the VEGF/PlGF receptor Flt-1 generated by
alternative splicing [12]. Experiments in vitro have proved that sFlt-1 acts as an inhibitor of VEGF and
PlGF activity. It can restrain endothelial tube formation and hinder the vasodilatory effect of VEGF and
PlGF [12].

A pregnancy requires fetal vasculogenesis, angiogenesis, and maternal angiogenesis [13]. Placenta-
derived proangiogenic factors (VEGF and PlGF) are also secreted into the maternal circulation where
they help normal maternal cardiovascular adaptation to pregnancy in processes that primarily do not refer
to angiogenesis. Increased secretion of anti-angiogenic factors could result in an anti-angiogenic state in
the mother and induce the development of pregnancy complications such as preeclampsia and fetal
growth restriction (FGR) [14]. Studies have already illustrated that an unbalance of proangiogenic and
anti-angiogenic proteins plays a crucial part in the pathophysiology of preeclampsia [15]. On account of
the fact that the vascular endothelium depends on proangiogenic factors, the excess secretion of anti-
angiogenic factors derived from the placenta contributes to endothelial dysfunction which has been
already detected in preeclampsia [16].

However, most studies on these factors were performed in preeclampsia. Is there any other pathology
showing a similar unbalance of proangiogenic and anti-angiogenic factors or endothelial dysfunction in
maternal circulation? Llurba and his colleagues conducted a case-control study and firstly demonstrated
that, in critical fetal heart defects, maternal serum PlGF declined and sFlt-1 elevated at 18–37 weeks’

Figure 3: Correlation between placenta weight and neonate birth weight. Pearson r: 0.662, p < 0.001
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gestation, indicating the unbalance of proangiogenic and anti-angiogenic factors in maternal plasma [5]. This
damaged condition was discovered in the conotruncal and septal-valve heart defects but not in congenital
defects of the left side of the heart [12]. In order to further verify this conclusion, we designed similar
research and extended the study GA to the delivery time, mostly >37 weeks. It could be regarded as a
supplement for to Llurba’s study. Surprisingly, we did not find differences in the concentrations of PlGF,
VEGF, and sFlt-1 in maternal plasma between case-control groups. We speculate that there may be two
reasons that could well explain the difference: firstly, in Llurba’s study, PlGF was not decreased when
analyzed at 32 weeks ≤ GA< 37 weeks. This may indicate that the PlGF level would keep stable from
32 weeks of gestation, which is consistent with our results; Secondly, the catch-up level of PlGF and
balanced sFlt-1 concentration in maternal plasma at delivery may be a compensation for previously
declined condition.

Another anti-angiogenic factor termed soluble endoglin (sEng) was determined by the gene expression
profile of placentas from women who suffered from preeclampsia. An increasing amount of evidence has
proven that VEGF and TGF-β1 are essential for maintaining endothelial health in some human organs
including the placenta. In normal pregnancy, moderate levels of VEGF and TGF-β1 signaling in the
vasculature keep the vascular homeostasis. In preeclampsia, overmuch placental release of sFlt-1 and
sEng blocks VEGF and TGF-β1 signaling, respectively, in the vasculature. This leads to endothelial cell
dysfunction, containing declined prostacyclin, nitric oxide production, and excretion of procoagulant
factors [17,18].

Our another result differing from Llurba’s study is that maternal sEng level was profoundly increased in
pregnant women with critical fetal CHD at delivery, suggesting that maternal endothelial dysfunction is
present in congenital heart defects. Since many studies have indicated that excess sEng is a crucial
element in the development of preeclampsia [8,16], our result again revealed that maternal preeclampsia
and fetal CHD may share a common pathway, maybe not sFlt-1/PlGF pathway but sEng pathway. This
result could further support the conclusion that preeclampsia was significantly associated with heart
defects in offspring, made by Nathalie Auger and his colleagues who conducted a population-based
investigation involving 1,942,072 neonates [7].

On the other hand, Caroline Signore found that plasma concentrations of the anti-angiogenic factor sEng
are increased before the progress of hypertension and placental abruption. The increases are not obvious until
the late second trimester (26–27 weeks, on average), but they keep stable from this time with the gestation
onward [19]. They believe that sEng may be helpful in recognizing pregnant women at risk of abruption and
hypertension. Therefore, combined with our study, it is alert for us to notice the maternal blood pressure and
abdominal signs for early diagnosis of hypertension and placental abruption when handling the delivery of
pregnant women with fetal CHD.

In addition, we found that the maternal plasma sEng level negatively correlated with placenta weight.
Furthermore, placenta weight was positively correlated to the birth weight of the newborn, with a
correlation coefficient of 0.662. As a result, it could be speculated that the elevated sEng level released
from the placenta may suggest an impaired placenta function and manifest a low placenta weight, leading
to low birth weight of newborns in pregnant women. Low birth weight would increase the rate of fetal
heart rate deceleration and altering to Cesarean Section at delivery in the CHD group, which is consistent
with our study and the guideline in 2014 [20]. Unfortunately, we could not find a correlation between
maternal plasma sEng concentration and neonate birth weight statistically. It can be explained that
maternal plasma sEng level may not be the direct impact factor that causes a low birth weight of
newborns in pregnant women with fetal CHD.

Indeed, the small number of subjects was the limitation of our study. The future study should enlarge the
number of specimens. We only verified the association between the maternal increased sEng level and fetal
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congenital heart defects. Further research should focus on the origination of elevated sEng, such as placental
histology and so on.

In conclusion, vascular dysfunction exists in pregnant women with fetal congenital heart defects,
manifesting significantly elevated sEng concentration at delivery.
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