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Abstract

Background: Congenital heart defect (CHD) is an influential factor that restricts intrauterine growth. One of the most critical
complications in children with CHD is delayed nerve growth, which appears to begin from the fetal period. Delayed fetal
neurodevelopment can be associated with or even explained by the impaired placenta in cases of CHD. This systematic study
presents a literature review on placental growth with CHD.

Methods: \We performed a regular search and used the Newcastle-Ottawa measure to evaluate data quality. Outcomes included
size and weight of the placenta, vascular structure, immuno-histo-chemistry, expression of placental genes, and angiogenic
piomarkers.

Results: 1308 studies were evaluated, and 21 articles were included. Studies with a genetic abnormality or multiple pregnancies
were excluded. CHD cases had a lower weight of the placenta and an increased insertion rate in the umbillical cord. Further,
microscopic characteristics of the abnormal placenta showed decreasing and increasing in angiogenic and anti-angiogenic
biomarkers, respectively, in maternal serum and umbilical cord blood. The results showed Altered expression of genes affects
placental and fetal growth pathways in placental and maternal serum tissues.

Conclusion: placental impairments were found in CHD cases. More researches are required to clarify the role of the abnormal
placenta in delayed neurodevelopment.

Key words: Placenta morphology, placenta biomarkers, congenital heart disease, congenital heart defect.

Resumen

Antecedentes: |a cardiopatia congénita (CC) es un factor influyente que restringe el crecimiento intrauterino. Una de las
complicaciones mas criticas en los nifios con CC es el retraso en el crecimiento nervioso, que parece comenzar desde el periodo
fetal. El retraso del neurodesarrollo fetal puede estar asociado o incluso explicarse por la alteracion de la placenta en los casos de
CC. Este estudio sistemético presenta una revision de la literatura sobre el crecimiento de la placenta con la CC.

Métodos: Se realizd una blsqueda periddica vy se utilizd la medida Newcastle-Ottawa para evaluar la calidad de los datos. Los
resultados incluyeron el tamafio y el peso de la placenta, la estructura vascular, la inmunohistoguimica, la expresion de los genes
placentarios y los biomarcadores angiogénicos.

Resultados: Se evaluaron 1308 estudios y se incluyeron 21 articulos. Se excluyeron los estudios con una anomalia genética
0 con embarazos mUltiples. Los casos de CHD presentaban un menor peso de la placenta y una mayor tasa de insercion en el
corddn umbilical. Ademés, las caracteristicas microscopicas de la placenta anormal mostraron una disminucion y un aumento de
los biomarcadores angiogénicos y antiangiogénicos, respectivamente, en el suero matemno y en la sangre del corddn umbilical.
Los resultados mostraron que la expresion alterada de los genes afecta a las vias de crecimiento de la placenta y del feto en los
tejidos de la placenta y del suero matemo.

Conclusion: se encontraron alteraciones de la placenta en los casos de cardiopatia isquémica. Se requieren mas investigaciones
para aclarar el papel de la placenta anormal en el retraso del neurodesarrollo.

Palabras clave: Morfologia de la placenta, biomarcadores de la placenta, cardiopatia congénita, defecto cardiaco congénito.
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Introduction

As a common congenital aberration, congenital heart
deficiency (CHD) affects five to eight per thousand
infants’. CHDs are a significant cause of newbomn
mortality worldwide, and approximately half of the cases
are severel. However, survival rates of affected infants
have improved Due to the continuous growth of ICU-care
and cardiothoracic operation. For that purpose, the focus
of discovery has turned from improving survival rates to
increasing long-term developmental consequences?.
The neurodevelopmental break has been announced
in a significant number of children and adolescents
affected with CHD, which is a considerable part of the
CHD morbidity®*. Much earlier literature associated this
morbidity with the complicated cardiothoracic operation
in early life and its adverse effects®*. But more recently,
fetal ultrasound and MRI technologies were discovered
several impairments in CHDs fetuses and infants before
the operation, such as decreasing fetal and newborn
head circumference and delaying cortical maturation®*,
In addition, intrauterine growth restriction, pre-eclampsia,
and pregnancy-induced hypertension have been
detected in pregnancies with prenatal CHD® 7. Impairment
signs in placental growth are detected by increased
umbilical artery resistance and decreased global placental
perfusion®. In prenatal CHD, the increased umbilical
artery resistance may correlate with neurodevelopmental
conseqguences and proposes whether this is a potential
contributor to damaged neurodevelopment in these
pregnancies®. The association of placenta features,
placental biomarkers, and placental neurodevelopment
in CHD remains unclear and has not been investigated
accurately. In this systematic and meta-analysis review, a
survey of the literature on CHD and placenta biomarkers
is presented, intending to examine the use of the
placenta biomarkers in the association with CHD and
fetal neurodevelopment.

Materials and methods

Search strategy

We conducted a regular search in PubMed, Embase,
Google Scholar, and Cochrane on Nov 15th, 2021,
The search terms included “congenital heart deficiency,”
‘placenta,” “biomarkers,” “fetus,” “neurodevelopment,”
“‘genetic,” “angiogenic. We admitted Papers from all
years. The entire research sequence was: ‘Heart

non noy

Defects”, “Placenta”,” Fetus”,” English”.

Study selection

Two independent researchers (MS, MA) screened the
title/abstracts and consequently read the full text of
selected articles. A third researcher (MH) was helping
if there was disagreement. Eligibility criteria for inclusion
were: 1) infants with CHD 2) placenta features concerning
macroscopic analyses, immunohistochemistry, vascular
and villous structure, immunoreactivity, angiogenic

biomarkers, 3) description of placenta characteristics
compared with evidence values or a control group.
exclusion criteria for studies were: 1) articles associated
with CHD and a genetic or syndrome disorder 2) articles
associated with CHD and multiple pregnancies 3) articles
with less than ten participants.

Assessment of data Quality and extraction

Quiality assessment was evaluated utilizing the Newcastle
Ottawa Scale (NOS) for estimating the degree of non-
randomized studies Quality. Placenta features conceming
macroscopic analyses, immunohistochemistry, vascular
and villous structure, immunoreactivity, angiogenic
biomarkers were extracted and investigated.

Results

Study screening

The performed search find1308 studies. Following title/
abstract screening, 125 studies were read the full text,
and finally, 18 studies were entered (Figure 1)'927,

The characteristics of included studies are presented in
table I. There were differences in the categorization of
CHDs types and comparing study groups within included
studies (Table I).

According to cardiac intervention requirements, CHDs
were categorized as full CHD, significant CHD (intervention
in the first breath year), or only one specific congenital
heart defect. Of the included articles, ten represented
macroscopic  placenta  features, six represented
microscopic placenta features, four expressed maternal/
umbilical cord angiogenic biomarkers in serum samples,
and five described gene expressions in placental tissue/
maternal serum.

Assessment of data Quality

Assessing the Quality is presented in table Il. In this
systematic review, the quality ranking of Most included
studies was satisfactory. Consistent with the quality
grading of studies according to NOS, thirteen studies
received five 1o six stars. However, one study received
just one star because of the low cases and inadequate
cohort/controls  selections.  Further, three studies
received three stars due to not having a control group for
comparing the measurements.

Results of included studies

At the birth time, a decrease in weight and percentiles
of the Placenta was seen associated with ventricular
septal defect (VSD), Tetralogy of Fallot (ToF), double-
outlet right ventricle28, and hypoplastic left heart
syndrome (HLHS) (Table I)'*. At 18 and 39 weeks of
pregnancy, the smaller volume of the Placenta was
associated with CHD cases, but these changes were
not statistically significant’. It is essential to distinguish
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the placenta-to-birthweight rate because placenta
weight does not differ between cases with and without
intrauterine growth restriction. Five studies that reported
conflicting data described the ratio of the placenta to
the birth weight as an estimate of placental weight
by adjusting for birth weight. Although, four studies
detected No significant difference in the placenta-
to birthweight rate'®2021:27 implying that smaller
placentas in CHD only exist in subjects with low birth
weight. According to the birth weight of CHD, three
studies'®?*? reported that the placentas were smaller
than anticipated, and there was a significantly lower
ratio of placenta-to-birth weight. When CHD placentas
are smaller than birthweight, the fetus can attain its
growth potential; therefore, the placental preserves the
function. Adverse outcomes have been detected for
Abnormal umbilical cord insertion, such as intrauterine
growth restriction and demise. In one study, 200 CHD
cases were evaluated 16 that were reported Significantly
high percentages of abnormal umbilical cord insertion.
However, in two studies that had analyzed, the HLHS

(16 patients) and other types of CHD (32 cases)'*",
probably due to the small number of inclusions, no
high percentages of abnormal umbilical cord insertions
were reported. In addition, placental disorders were
found less than other macroscopic disorders in major
CHD types26. defects in fetal-materal relations are
commonly observed in Histological reports of CHD
gestations. Some studies reported the impaired
microscopic in HLHS types, which described fibrin
deposition and hypoplasia of distal villous, lower vascular
area, and membrane counts of vascular-syncytial'+2°,
Subsequently, researchers detected other defects in
CHD subjects that were not found in healthy placentae,
like thrombosis, choriangiosis, infarction, and impaired
maturation of villous'2"2427, However, the rate of
microscopic abnormality in the placental did not show
a significant difference between subjects PE, PIH, and
IUGR?*, Placental trophoblasts are responsible for the
production of angiogenic biomarkers such as placental
growth factor (PIGF) and pregnancy-associated plasma
protein-A (PAPP-A)?9%0, The concentrations of PIGF and

Figure 1: Flow charts for the studies were identified, displayed, and included in the study.
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PAPP-A in maternal serum were significantly lower in
CHD cases, so the decreased expression of angiogenic
biomarkers may cause changes in placental vascular
pathways in CHD'"'>1°, In contrast, the concentrations
of anti-angiogenic biomarkers such as fms-like soluble
tyrosine kinase-1 (sFIt-1) and soluble endoglin (SEng)
in maternal serum and umbilical cord blood were
significantly higher in CHD'. These findings could

Table I: Study characteristics of included studies.

explain dysfunction, perfusion, and placental weight
loss in CHD cases due to alterations in the expression
of these biomarkers. In CHD cases, placental tissue and
maternal serum altered functional and developmental
gene expression iN MRNA levels. Altered expression
of developmental genes of trophoblast, placental, and
embryonic may indicate a correlation between CHD
and genetic expression'®15:17:22.25,

Author/year Study Follow Participants (N) CHD Conclusion
design up time Total Case Control type

Ozcan et al, (2021) R Post-partum 139 47 92 MCCD The highest risk is seen in fetal CHD with maternal
risk factors

Giorgione et al, (2020) R Post-partum 936 480 456 MCCD Major CHD are significantly associated with the risk of
PE, SGA and PTB

Courtney et al, (2020) R Post-partum 42 24 18 HLHS Despite common vascular disturbances in placentas
from HLHAs

Schlatterer et al, (2019) P Post-partum 51 51 0 All type These data suggest that placental abnormalities
are common in CHD and may have a compounding
effect on brain lesions in this high-risk population

Russell et al, (2019) P Post-partum 133 138 0 CHD requiring| Damaging variants in proangiogenic genes may impact

surgery placental function and are associated with impaired fetal

growth in pregnancies involving a fetus with
congenital heart defect

Radhakrishna et al, (2019) P Post-partum 18 8 10 VSD This is the first report in which placental analysis
has been used for determining the pathogenesis
of and predicting VSD

Miremberg et al, (2019) R Post-partum 66 32 34 Severe CHD | Placental vascular malperfusion lesions are more
common in pregnancies complicated with CHD as
compared with CNS malformations

Takemoto et al, (2018) P Post-partum 663 37 626 All type Major anomalies may tend to aggregate
in the 90th percentile of the BW/PW ratio

Rychik et al, (2018) P Post-partum 120 120 0 All type Studies investigating the relationship between placental
abnormalities and postnatal outcomes may offer insight
into the fetal origins of outcome variability in CHD

Morano et al, (2018) R Second trimester 40 10 30 VSD These data confirm previous studies on the specific
association of MRNA species and type of congenital
heart defect and confirm that ventricular septal defects
are associated with abnormal mRNA for the tenascin-X gene

Contro et al, (2017) R Second trimester 78 36 42 LVOT These data suggested that molecular screening
of CNTRA and LVOT obstruction in the second
trimester is feasible

Curti et al, (2016) P Second trimester 70 39 31 All type These data represent a step forward in the screening of CHDs

Albalawi et al, (2016) R Post-partum 400 200 200 | CHD requiring| t cord insertion should be evaluated

surgery at routine obstetric sonography

Jones et al, (2015) R Post-partum 34 16 18 HLHS Placentas from pregnancies complicated by fetal HLHS
are characterized by abnormal parenchymal morphology,
suggesting immature structure may be due to
vascular abnormalities

Llurba et al, (2014) P Post-partum 269 65 204 MCCD Data suggest that ani imbalance angiogenic-
antiangiogenic factors is associated with developmental
defects of the human heart

Andescavage et al, (2014) P Second trimester | 135 41 94 All type Abnormalities in placental development may contribute
to the significant morbidity in this high-risk population.
Assessment of placental volume by MRI allows for in vivo
assessments of placental development

Llurba et al, (2013) P First trimester 408 68 340 MCCD In pregnancies with isolated fetal heart defects there is
evidence of impaired placental angiogenesis in the
absence of impaired placental perfusion and function

Arcelli et al, (2010) R Second trimester 88 40 48 All type Altered placental genetic expression was found at term

delivery in affected fetuses. The aberration was also
confirmed in maternal blood at the second trimester of
women bearing a fetus with congenital heart disease

R: Retrospective; MCCD: Major congenital cardiac defects; HLHS: hypoplastic left heart syndrome; P: Prospective; VSD: ventricular septal defects; LVOT: Left Ventricular

Qutflow Tract
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Table 1l: Quality of included studies based on the Newcastle-Ottawa assessment scale.

Selection

Selection of
non-exposed cohort
*

*
*

Representativeness
of exposed cohort

Ozcan (2021)
Giorgione (2020)
Courtney (2020)
Schlatterer (2019)
Russell (2019)
Radhakrishna (2019)
Miremberg (2019)
Takemoto (2018)
Rychik (2018)
Morano (2018)
Contro (2017)

Curti (2016)
Albalawi (2016)
Jones (2015)

Llurba (2014)
Andescavage (2014)
Llurba (2013)

Arcelli (2010)

L b 2 b 2 S R O O b
LB b 2B 2 2 2R 2 b S

* % ot %

Discussion

This systematic study showed an association between
CHD disorder and the incidence of weight loss,
abnormalities, and altered genes expression in the
placenta. Comparable properties were seen in IUGR, PE,
and PIH, all of which had abnormal trophoblast invasion
and insufficiency in the placenta?®. Subsequently, in
CHD cases, placental defects could reduce oxygen
and nutrients between the fetus and mother. Further, In
CHD without PE and IUGR, the altered and insufficient
placenta was also found. The probable reason for these
results could be associated with the altered expression
of genes involved in CHD development. In addition,
insufficient trophoblast invasion may be responsible for
pathological placenta alterations related to the classical
defective phenotype.

Altered expression of molecules that affect vascular
development can induce vascular changes in the placenta
and fetus. Alteration of gene expression at the protein
level was reported as having a local or systemic effect
on cardiac tissue of the placenta and matemal serum.
These findings indicate that alterations in gene expression
and affecting cardiac and placental tissue also affect
vascular growth pathways in other fetal tissues. Since
environmental and genetic predisposition performs  a
significant function in developing CHD, this disorder is
known to have multifactorial features. Epigenetic effects
or hypoxic stress on early embryogenesis can explain
angiogenic imbalance and vascular formation changes in
CHD cases'®#, On the other hand, epigenetic changes in
CHD may be due to the hemodynamic influences, which
affect developmental pathways of vascular and causes
alteration in angiogenesis and abnormalities in placental.
The results show that the CHD pathogenesis factors
can have epigenetic effects on placental tissue®?°.
Typically, more placental weight loss is seen in CHD

Comparability Outcome
Comparability Assessment Adequacy of Total score
of cohorts of outcome follow-up (0-6)

* * * 5

* * * 6

*k * 5

* * 3

* * 3

* % * * 6

* 1

* % * * 6

* * 3

* % * * 6

* % * * 6

* % * * 6

* % * * 6

* % * * 5

* % * * 6

* % * 5

* % * * 6

* % * * 6

cases, so changes in the expression level of angiogenic
biomarkers may be associated with the placental size.
Further researches are needed to understand better the
correlation between angiogenic biomarkers and placental
weight in CHD cases. Since placental changes are also
observed in cases of CHD without PE and IUGR, it can
assume that vascular alterations delay the maturation
of the fetal brain and growth in childhood*. Therefore,
comparing the placental perfusion disorder, vascular
genetic pathways, and angiogenic expression in CHD with
PE and IUGR. Fetal tissue perfusion and hypoxia can be
caused by placental dysfunction and alterations in vascular
expression. There were so many issues in the veterinary
and public health®'#%, which need additional studies.

Conclusion

The findings of this systematic study reveal an association
between CHD cases with lower weight of placenta,
macroscopic and microscopic abnormalities  of the
placenta, altered expression of genetic and angiogenic
biomarkers in placental tissue, and maternal serum. These
findings indicate defective development of vascular in the
placenta and fetus. The neurodevelopmental disorder
is also an essential complication of CHD. Thus, more
research on impaired placental effects on consequences
of these cases is needed in the future. Furthermore,
there should be a correlation between morphology and
placental function with neurodevelopmental results in
the fetus, childhood and adulthood, and hemodynamic
consequences of different types of CHD. Finally, the
benefits of this information for CHD cases can help
develop preventive measures in the entire lifespan.
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