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Chapter 2

ABSTRACT

Impaired placentation is an important contributing factor to intra-uterine growth
restriction and pre-eclampsia in fetuses with congenital heart defects (CHD). These
pregnancy complications occur more frequently in pregnancies with fetal CHD. One of the
most important factors influencing the life of children with CHD is neurodevelopmental
delay, which seems to start already in utero. Delayed neurodevelopment in utero
may be correlated or even (partly) explained by impaired placentation in CHD cases.
This systematic review provides an overview of published literature on placental
development in pregnancies with fetal CHD. A systematic search was performed and
the Newcastle-Ottawa scale was used to access data quality. Primary outcomes were
placenta size and weight, vascular and villous architecture, immunohistochemistry,
angiogenic biomarkers and/or placental gene expression. A total of 1161 articles were
reviewed and 21 studies were included. Studies including CHD with a genetic disorder
or syndrome and/or multiple pregnancies were excluded. Lower placental weight and
elevated rates of abnormal umbilical cord insertions were found in CHD. Cases with
CHD more frequently showed microscopic placental abnormalities (i.e. abnormal
villous maturation and increased maternal vascular malperfusion lesions), reduced
levels of angiogenic biomarkers and increased levels of anti-angiogenic biomarkers in
maternal serum and umbilical cord blood. Altered gene expression involved in placental
development and fetal growth were found in maternal serum and CHD placentas. In
conclusion, abnormal placentation is found in CHD. More extensive studies are needed
to elucidate the contribution of impaired placentation to delayed neurodevelopment in
CHD cases.
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INTRODUCTION

With an incidence of five to eight per thousand newborns, congenital heart defects
(CHD) are the most common congenital anomalies '. As approximately half of the CHDs
are severe and treatment carries risks, CHDs are a large contributor to infant mortality
worldwide 2. Due to continuous improvement of ICU-care and cardiothoracic surgery,
together with increased prenatal detection, survival rates of affected newborns have
increased greatly. For that reason, the focus of innovation has shifted from increasing
survival rates to improvement of long-term (neuro)developmental outcomes .

An important part of the morbidity in children and adolescents with CHD is
neurodevelopmental delay, which is reported in a significant amount of cases *®. In
earlier literature, this impairment was attributed to the adverse effects of complex
cardiothoracic surgery in early life &% More recently, a decreased prenatal and
postnatal head circumference and delayed cortical maturation on prenatal ultrasound
and MRI were found in CHD fetuses and newborns before surgery>®. This raises the
question whether the hemodynamic effects of the CHD induce intrauterine exposure to
decreased flow or low saturation in early neonatal life.

Asecond finding in pregnancies with fetal CHD is the increased incidence of intra-uterine
growth restriction (IUGR), pre-eclampsia (PE) and pregnancy induced hypertension
(PIH) -2, These signs of impaired placental development are confirmed by an increased
umbilical artery resistance and decreased global placental perfusion in fetuses with
CHD ®27, The increased incidence of placental pathology in pregnancies with CHD,
raises the question if this is a possible contributor to impaired neurodevelopment in
these fetuses, as increased umbilical artery resistance in fetuses with CHD is associated
with altered (neurodevelopmental) outcomes?*?. The relation between placenta
characteristics, placental function and fetal neurodevelopment has not yet been studied
in CHD cases and is still hypothetical.

In this systematic review, an overview of the literature on isolated CHD and placenta
developmentis provided, aiming to explore the role of the placenta in the relation to CHD
and fetal neurodevelopment.

MATERIALS AND METHODS
Search strategy

A systematic search was performed in Pubmed, Embase, Web of Science, Cochrane
and Emcare on April 15" 2021. The search terms contained “congenital heart defect”,
“placenta”, “genetics”, “fetus”, “neurodevelopment”, “outcome”, “long term outcome”,
“angiogenic”, “biomarker”. Publications from all dates were included. The complete

search string is available in appendix A.
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Search results: 1288 articles
- PubMed: 982
- Embase: 126
- Web of Science: 142
- Cochrane: 28
- Emcare: 10

Title/abstract screening:

1152 excluced

136 full articles reviewed

Full article screening: 115 excluded
- No description of placenta
characteristics: 91

- No controlgroup or adequate [
reference value: 9
- Casereport or descriptive study: 15
- No English or Dutch text available: o

Manual reference check: o
included

21 articles included

9311 CHD fetuses

Figure 1a: Flowchart of included studies

Study selection

The screening of the title/abstract and subsequently the reading of the full-text articles
was performed by two independent researchers (MS, MA). A third researcher (MH)
was consulted when agreement was not reached. Studies were eligible for inclusion
if 1) newborns with isolated congenital heart disease were included; and 2) placenta
characteristics regarding macroscopic measurements, immunohistochemistry, vascular
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and villous architecture, immunoreactivity, angiogenic biomarkers and/or placenta
genetics were provided and; 3) a control group or a comparison with reference values
for the described placenta characteristics was present. As the presence of a genetic
syndrome or multiple pregnancies have effect on intra-uterine growth and developmental
outcomes %?°, studies on congenital heart disease with a genetic disorder or syndrome
and/or multiple pregnancies were excluded, in order to identify the sole effect of the
congenital heart disease. Studies with less than ten cases were also excluded from the
review. Cross-referencing was performed manually on the included studies.

Quality assessment and data extraction
Data quality was assessed using the Newcastle Ottawa Scale (NOS) for assessing the
quality of non-randomized studies 3°.

Patient characteristics and placenta characteristics regarding macroscopic measure-
ments, immunohistochemistry, vascular and villous architecture, immunoreactivity,
angiogenic biomarkers and/or placenta genetics were extracted and analyzed.

RESULTS

Study selection

The conducted search generated 1288 articles. After screening on title/abstract, 136
articles were read full text and 21articles were included (Figure 1)3"*". No relevant studies
were found by cross-referencing. Study characteristics are shown in Table 1.

Study groups were not always comparable for the different included studies and differed
specifically on categorization of types of CHDs (Table 1). Most studies included all CHD,
whilst others only included ‘major’ CHD (defined as CHD requiring cardiac intervention
within the first year of life) orincluded only one specific congenital heart defect.

Of the included studies, 10 studies describe macroscopic placenta characteristics, 6
studies describe microscopic placenta characteristics, 4 studies describe angiogenic
biomarkers in maternal and/or umbilical cord serum and 7 studies describe genetic
expression in maternal serum and/or placental tissue.

Quality assessment

Quality assessment is shown in Supplement 1. Most included studies in this systematic
review were rated with an adequate quality. According to the NOS quality assessment,
16 articles obtained five or more out of six stars. One study obtained only one star, due
toinadequate representativeness of the cohort and inadequate selection of the controls.
Three studies obtained three stars, as they had no control group and compared the
measurements with reference values.
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Study results

Macroscopic placenta characteristics

Placental weight

In Tetralogy of Fallot (ToF), double-outlet right ventricle (double-outlet RV), major
ventricular septal defects (VSDs) > and hypoplastic left heart syndrome (HLHS), a
reduced absolute placental weight and placenta weight percentiles were found at birth
(Table 1) . Placenta volumes measured by MRI between 18 and 39 weeks of gestation,
tended to be smallerin a study with mixed CHD cases, but the found differences did not
reach statistical significance .

As placenta weight does not differentiate between cases with and without IUGR, it is
important to identify placenta weight in relation to the birthweight. Five studies reported
on placenta-to-birthweight ratio’s, a measure to assess placental weight by correcting
for birthweight, and described conflicting results. Four studies, of which three with a
retrospective design, found no significant difference in placenta-to-birthweight ratio in
CHD cases 444551 suggesting that smaller placentas in CHD are only present in cases
with a low birthweight. Three prospective studies did find a significant lower placenta-to-
birthweight ratio in CHD cases #*4%4%, which means that the placentas were even smaller
than expected, based on the birthweight of these cases. If CHD placentas are smallerin
comparison to birthweight, fetus were able to reach their growth potential, indicating
preservation of the placental function.

Umbilical cord insertion

Abnormal umbilical cord insertion is associated with adverse pregnancy outcomes, such
as IUGR and intra-uterine demise 2. Significant elevated rates of abnormal umbilical
cord insertion (marginal and velamentous insertions) were found in one study including
200 CHD cases ¥. No elevated rates of abnormal umbilical cord insertions were found in
two smaller studies in 16 HLHS cases *' and 32 cases with different types of CHD (HLHS,
transposition of the great arteries, atrioventricular canal defect, ToF, double-outlet RV
and coarctation of the aorta) *°, presumably because of the small number of inclusions.
In major CHD cases, 4.5% had ‘placental disorders’ other than macroscopic morphology
(defined as placenta praevia, placental abruption, abnormally invasive placenta),
compared to 3.3% in healthy controls (p = 0.046) °°.

Microscopic placenta characteristics

Histological findings indicating impaired fetal-maternal exchange are more frequently
found in pregnancies with CHD. It was first reported in HLHS cases, where fibrin
deposition, distal villous hypoplasia, lower vascular area and lower vasculo-syncytial
membrane counts were described ?¢*°, Later this was confirmed in placentas of a group
of mixed CHD cases, as fetal placental thrombosis, placental infarction, choriangiosis,
infarction and delayed villous maturation were frequently reported, whilst these are
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phenomena that are not found in placentas of healthy newborns 444851 There was no
significant difference in incidence of microscopic placenta abnormalities in cases with
and without PE, PIH and IUGR “8.

Angiogenic biomarkers

Angiogenic biomarkers in pregnancy, such as Placental Growth Factor (PIGF) and
pregnancy-associated plasma protein A (PAPP-A) are mainly produced in the placental
trophoblasts >>°4. Altered expression of angiogenic biomarkers in CHD cases may modify
vascular pathways in the placenta, as concentrations of the angiogenic biomarkers
Placental Growth Factor (PIGF) and pregnancy-associated plasma protein A (PAPP-
A) were significantly lower in maternal serum of CHD cases 3224384, Soluble fms-like
tyrosine kinase (sFlt-1) and soluble endoglin (sEng) are anti-angiogenic biomarkers and
were significantly higher in maternal serum of CHD cases 4. sFlt-1 and sEng levels were
higherin umbilical cord blood of CHD cases *. None of the studies describing angiogenic
biomarkers corrected for placenta weight. Alterations in expression of these (anti-)
angiogenic biomarkers suggest placental dysfunction and impaired placental perfusion.
These findings may explain the decreased birthweight and placenta weight in isolated
CHD cases “\.

Genetic expression in the placenta

Altered expression of (m)RNA and alterations in genes associated with cardiac function
and development were found in both placental tissue and maternal serum of CHD cases.
A significant part of the described genes with altered expression are expressed in both
placental tissue and other (fetal) organs. Most of the described proteins have intracellular
or direct extracellular effects, though altered expression is found in both placenta
tissue and maternal serum. Altered expression of genes associated with trophoblast
development, placental development and fetal growth was also described (Table 2),
demonstrating a presumable relation between CHD, placenta genetic expression and
placental function 33>40424649 Damaging variants in genes with positive regulation of
angiogenesis (PRA) were found, suggesting an altered angiogenic pathway in placentas
of CHD cases .

DISCUSSION

This systematic review found that CHD is associated with lower placental weight,
placental abnormalities that suggest impaired placentation and altered genic expression
in placental tissue. Similar characteristics are observed in placentas of IUGR, PE and
PIH cases, all finding their origin in abnormal trophoblast invasion and placental
insufficiency *¢ . This suggests a relation between CHD and impaired placentation and
possibly a decreased fetal-maternal exchange of oxygens and nutrients as a result of this
in these cases. Remarkably, even in absence of PE and IUGR, characteristics of altered
placentation and placental insufficiency are found in CHD cases.
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Apossible origin of these findings could be directed to altered protein and RNA expression
of genes that are likewise involved in the origin of the CHD. These alterations may be
responsible for the placenta pathological changes that party overlap the phenotype of
classic placenta dysfunction based on insufficient trophoblast invasion.

Altered molecular expression in vascular developmental pathways impacts vascular
development in both the placenta and fetal organs. Changes in protein expression of
genes with a local effect on cardiac or placental tissue, as well as changed expression
of proteins with a more distant effect were described in placental tissue and maternal
serum. These findings advocate an effect on vascular developmental pathways in other
fetal organs, in addition to the effect on placental and cardiac tissue. The origin of CHD
is multifactorial and both environmental factors and genetic predisposition play an
important role in this development ¢. One can hypothesize that angiogenic imbalance
and altered vascular formation in the placenta of CHD cases may be due to epigenetic
influences from vascular and circulatory alterations or due to hypoxic stress in early
embryogenesis of CHD cases “**>%¢, The hemodynamic effects of the CHD may cause
epigenetic changes, resulting in altered vascular developmental pathways. This may
result in angiogenic alterations, placental abnormalities and its associated diseases,
nonetheless this hypothesis can also be the other way around. Factors contributing
to the pathogenesis of the CHD appear to also effect the development of the placenta
and influence epigenetics of placental tissue, as common genetic contributors are
found 474%°, Similarly, the described altered levels of angiogenic biomarkers could
be related to placenta size, as lower placental weight is common in CHD cases. Future
studies on angiogenic biomarkers in placental tissue should index for placental weight,
to get a better understanding of the effect of these biomarkers in the developmental
pathway of CHD, angiogenic factors and placentation.

The next step in this hypothesis is the idea that delayed fetal brain maturation and
delayed neurodevelopment at child age are caused by the same vascular alterations, as
the placental changes are also found in CHD cases without PE and IUGR 78, The process of
impaired placenta perfusion, altered vascular genetic pathways and altered angiogenic
expression is presumably comparable in CHD cases and cases of PE and IUGR, as these
findings were also found in the absence of these diseases in CHD cases. Impaired
placenta function and altered vascular expression in the placenta can cause impaired
fetal organ perfusion and hypoxia.

Hypoxia and reduced organ perfusion may specifically contribute to delayed
development of the brain, as this organ is extremely sensitive to hypoxia 77", This effect
is demonstrated in fetuses with CHD, as reduced cerebral oxygenation and impaired brain
growth on MRI was found in these fetuses 72 and dysregulation of the angiogenesis was
found in cerebral tissue of fetal CHD cases 7. In addition, more postnatal brain injuries
(white matter injury, intraparenchymal hemorrhage, intraventricular hemorrhage,
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subdural hemorrhage) within the first five days of life were found in CHD cases with
abnormal placenta pathology “¢. Moreover, this hypothesis is supported by the findings
in a fetal sheep model, in which placental hypoxia levels similar to hypoxia in CHD
cases were imitated. In brain tissue of these sheep, microglial morphology was altered,
indicating an effect of hypoxia on brain pathology. ” An altered angiogenic environment
could furthermore contribute to hypoxic stress and impaired microvascular development
of the brain. This may therefore contribute to the impaired neurodevelopment and
delayed brain maturation in CHD fetus.

Legend
7
@ Exposure Vascular development
@ Outcome
—_—8l8
X a
Angiogenic expression IUGR, PE, PIH

LA
Exposure in neonatal life (surgery / IC admission / complication)

A=A
Placentation

>

CHD Fetal neurodevelopment
P (Neuro)development at child age

Figure 2: The directed acyclic graph of hypothetical associating factors, available on www.
dagitty.net.

The directed acyclic graph of hypothetical associating factors demonstrates the complex causal
pathway of CHD, angiogenic factors, placentation and neurodevelopment and the relation between
the different associating factors

In this review, placental function is assessed by examining placental weight, placental
morphology and genic expression in placental tissue. These measures provide an
adequate representation of fetal-maternal exchange and placenta perfusion, yet true
placental function is only measurable by assessing volume and oxygen content of
the umbilical venous blood volume. In previous studies by Sun et al. (2015) and Ho et
al. (2020), impaired umbilical venous volume and impaired fetal cardiac output were
demonstrated in CHD cases. 7>”> The morphological placental abnormalities described
in this review, combined with the found decreased placental blood flow in CHD cases by
Sun et al. (2015) and Ho et al. (2020), suggest abnormal placental function in CHD cases.

As previously delineated, we hypothesize that fetal CHD, placental development,
angiogenic alterations and neurodevelopment are all closely related. The directed acyclic
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graph for these hypothetical associations is shown in Figure 2. The causal pathway of
CHD and neurodevelopmental outcomes is complex and consists of numerous causaland
biasing paths. In orderto further clarify the causative pathway, more research is needed.
In future research, we suggest a focus on the contribution of impaired placentation on
neurodevelopmental delay in found CHD cases.

Another important consequence of abnormal placentation in fetal life is the
susceptibility to cardiovascular disease and insulin resistance in later childhood and
adult life. Abnormal placentation is related to poor fetal growth and low birthweight.
Following Barker’s hypothesis, these circumstances in fetal life are linked to diabetes,
obesity, hypertension and coronary artery disease in adulthood. 7677 As CHD is related
to abnormal placentation, these fetuses might be more prone to developing these
conditions in later life, next to their congenital heart defect. In order to identify patients
at risk for cardiovascular disease and prioritize preventive measures in these cases, is
important to investigate cardiovascular outcomes of CHD cases in later life.

A limitation of this review is the heterogeneity in the patient characteristics of the
included studies. Most studies included all CHD cases, whereas other studies
only included ‘severe’ or ‘critical’ cases. Most studies excluded cases with known
genetic abnormalities, but not all studies described the methodology in this detail.
Heterogeneity in the study populations may have caused differences in outcomes and
error in the results. By excluding studies on fetuses with known syndromes or genetic
abnormalities, a significant group of CHD cases is left out and the effect might be major
in these cases. As this review seeks for the pure effect of the consequences of a CHD on
placental development, patients with known genetic abnormalities were excluded, in
order to efface the additional effect of the genetic abnormality. Most included studies,
however, did not provide information on Whole Exome Sequencing, a technique that is
developing fast and identifies single-gene abnormalities in CHD cases. %7 It is therefore
possible that a part of the cases included in these studies which were considered as
isolated CHD, may actually have a single gene disorder. Secondly, some of the studies
had relatively small study populations, impeding the results to reach significant
differences.

CONCLUSION

This systematic review shows that CHD is associated with lower placental weight,
macroscopic and microscopic placental abnormalities, altered angiogenic biomarkers
and altered genetic expression in placental tissue and maternal serum. These findings
suggest impaired vascular development of both the placenta and fetal organs.

As impaired neurodevelopment is an important part of morbidity in CHD cases,
future research should focus on the contribution of abnormal placentation to
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neurodevelopmental outcomes of these cases. Hemodynamic consequences of the
different types of CHDs should be related to placental morphology and function as well
asto neurodevelopmental outcomes in utero, neonatal life, childhood and adult life. This
knowledge could contribute to the development of preventive measures for CHD cases
both in utero and in the entire lifespan.
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SUPPLEMENTARY MATERIALS

Supplement 1: Quality of included studies based on the Newcastle-
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Supplement B: Complete search string

Pubmed
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Left Coronary Artery”™ OR ”Aortic Coarctation”™ OR ”Aortopulmonary Septal Defect”™ OR
”Aortopulmonary Septal Defects”™ OR "Arrhythmogenic Right Ventricular Dysplasia” ™ OR ”Barth
Syndrome”®™ OR ”Bland White Garland Syndrome”® OR ”Congenitally Corrected Transposition
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Heart Syndrome” ™ OR ”Isolated Noncompaction of the Ventricular Myocardium”* OR ”Kartagener
Syndrome”®™ OR "LEOPARD Syndrome”™ OR ”Levocardia”' OR ”Lutembacher Syndrome”® OR
”Marfan Syndrome” ™ OR ”Myocardial Bridging”™ OR ”Noonan Syndrome” ™ OR ”Patent Ductus
Arteriosus” ™ OR ”Patent Foramen Ovale” ™ OR ”Persistent Truncus Arteriosus” ™ OR ”Tetralogy of
Fallot” ™ OR ”Transposition of Great Vessels” ™ OR ”Tricuspid Atresia” " OR *Trilogy of Fallot” ** OR
”Trisomy 13 Syndrome” ™ OR ”Trisomy 18 Syndrome” ® OR ”Turner Syndrome” ™ OR ”Univentricular
Heart”™ OR ”congenital heart*”™ OR ”congenital cardiac”™ OR ”congenital coronary”') AND
(”Placenta”Mesh OR ”Placenta Diseases” Mesh OR ”Placenta Previa” Mesh OR ”Placenta, Retained” Mesh
OR ”Placenta Accreta”Meh OR ”Placenta*”™ OR ”Placenta Diseases”™ OR ”Placenta Disease” "
OR ”Placenta Previa”®™ OR ”Retained Placenta”™ OR ”Placenta Accreta”®™ OR “Abruptio
Placentae”™ OR ”Chorioamnionitis”™ OR ”Placental Insufficiency”™ OR ”Placentome”™ OR
”Placentomes”™ OR ”Chorionic Villi”™ OR *Decidua”™ OR ”Deciduoma”®™ OR ”"Trophoblasts”®
OR "Trophoblast”t™ OR "extraplacenta*”™ OR "intraplacenta*” ) AND ("Fetus”Mes" OR ”Fetus”
OR ”Foetus”™ OR "fetal*” ™ OR "foetal*” ™ OR "neurodevelopment” ™ OR ”neurodevelopment*”
OR ”neuro development”™ OR ”neuro development*”™ OR ”angiogenic”™ OR ”angiogenic*”
OR ”Angiogenic Proteins”Mesh OR ”Biomarkers”Mes" OR ”Biomarkers”™ OR ”biomarker”™ OR
”Biological Markers”™ OR ”Biologic Markers” " OR ”Biological Markers” ™ OR ”Biologic Marker”
OR”outcome” ™ OR ”long outcome” ™ OR "outcomes” ™ OR ”long outcomes” ™) NOT ("Animals” mesh
NOT ”Humans” mesh) NOT ((“Case Reports” P OR “case report”t) NOT (“Review” ¥ OR “review” !
OR “Clinical Study”P¥» OR “trial”t OR “RCT” 1)) AND (english'@ OR dutch'?)) NOT (("Heart Defects,
Congenital”™Mesh OR ”congenital heart defect*”™ OR “congenital heart disease*”®™ OR ”Heart
Abnormalit*”™ OR ”22q11 Deletion Syndrome”™ OR ”Alagille Syndrome”™ OR ”Anomalous
Left Coronary Artery”™ OR ”Aortic Coarctation”™ OR ”Aortopulmonary Septal Defect”™ OR
”Aortopulmonary Septal Defects”™ OR "Arrhythmogenic Right Ventricular Dysplasia” ™ OR ”Barth
Syndrome”®™ OR ”Bland White Garland Syndrome”® OR ”Congenitally Corrected Transposition
of the Great Arteries”™ OR ”Cor Triatriatum”™ OR ”Coronary Vessel Anomalies”™ OR ”Coronary
Vessel Anomaly”®™ OR ”Crisscross Heart”™ OR ”Dextrocardia” ™ OR ”DiGeorge Syndrome” ™ OR
”Double Outlet Right Ventricle”™ OR ”"Ebstein Anomaly” ™ OR ”Ectopia Cordis” ™ OR ”Eisenmenger
Complex”™ OR ”Endocardial Cushion Defect”™ OR "Endocardial Cushion Defects”™ OR ”Heart
Septal Defect”™ OR ”"Heart Septal Defects”™ OR ”Heterotaxy Syndrome” ™ OR "Hypoplastic Left
Heart Syndrome” ™ OR ”Isolated Noncompaction of the Ventricular Myocardium”* OR ”Kartagener
Syndrome”®™ OR "LEOPARD Syndrome”™ OR ”Levocardia”'™ OR ”Lutembacher Syndrome”® OR
”Marfan Syndrome” ™ OR ”Myocardial Bridging”™ OR ”Noonan Syndrome” ™ OR ”Patent Ductus
Arteriosus” ™ OR ”Patent Foramen Ovale” ™ OR ”Persistent Truncus Arteriosus” ™ OR ”Tetralogy of
Fallot” ™ OR ”Transposition of Great Vessels” ™ OR ”Tricuspid Atresia” " OR *Trilogy of Fallot” ™ OR
”Trisomy 13 Syndrome” ™ OR ”Trisomy 18 Syndrome” ® OR ”Turner Syndrome” ™ OR ”Univentricular
Heart”™ OR ”congenital heart*”™ OR ”congenital cardiac”™ OR ”congenital coronary”') AND
(”Placenta”Mesh OR ”Placenta Diseases” Mesh OR ”Placenta Previa” Mesh OR ”Placenta, Retained” Mesh
OR”Placenta Accreta”Mes" OR ”Placenta*” ' OR ”Placenta Diseases” " OR ”Placenta Disease” " OR
”Placenta Previa”® OR ”Retained Placenta”™ OR ”Placenta Accreta” ™ OR "Abruptio Placentae” ™
OR ”Chorioamnionitis”®™ OR ”Placental Insufficiency”™ OR ”Placentome” ™ OR ”Placentomes”
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OR ”Chorionic Villi”* OR ”Decidua” ™ OR ”Deciduoma” ™ OR "Trophoblasts” ™ OR *Trophoblast” *
OR ”extraplacenta*”™ OR ”intraplacenta*” ™) AND (”Fetus”Mes" OR ”Fetus”®™ OR ”Foetus”™ OR
“fetal*”™ OR "foetal*”™) NOT (Animals”™esh NOT "Humans”™s") NOT ((“Case Reports”?¥* OR
“case report”t) NOT (“Review”P¥? OR “review”t OR “Clinical Study”?¥ OR “trial”t OR “RCT”"))
AND (english'? OR dutch'?))

Embase

((exp *”congenital heart disease”/ OR “congenital heart defect*”.ti,ab OR “congenital heart
disease*”.ti,ab OR “Heart Abnormalit*”.ti,ab OR “22q11 Deletion Syndrome”.ti,ab OR “Alagille
Syndrome”.ti,ab OR “Anomalous Left Coronary Artery”.ti,ab OR “Aortic Coarctation”.ti,ab
OR “Aortopulmonary Septal Defect”.ti,ab OR “Aortopulmonary Septal Defects”.ti,ab OR
“Arrhythmogenic Right Ventricular Dysplasia”.ti,ab OR “Barth Syndrome”.ti,ab OR “Bland White
Garland Syndrome”.ti,ab OR “Congenitally Corrected Transposition of the Great Arteries”.ti,ab
OR “Cor Triatriatum”.ti,ab OR “Coronary Vessel Anomalies”.ti,ab OR “Coronary Vessel Anomaly”.
ti,ab OR “Crisscross Heart”.ti,ab OR “Dextrocardia”.ti,ab OR “DiGeorge Syndrome”.ti,ab OR
“Double Outlet Right Ventricle”.ti,ab OR “Ebstein Anomaly”.ti,ab OR “Ectopia Cordis”.ti,ab OR
“Eisenmenger Complex”.ti,ab OR “Endocardial Cushion Defect”.ti,ab OR “Endocardial Cushion
Defects”.ti,ab OR “Heart Septal Defect”.ti,ab OR “Heart Septal Defects”.ti,ab OR “Heterotaxy
Syndrome”.ti,ab OR “Hypoplastic Left Heart Syndrome”.ti,ab OR “Isolated Noncompaction of
the Ventricular Myocardium”.ti,ab OR “Kartagener Syndrome”.ti,ab OR “LEOPARD Syndrome”.
ti,ab OR “Levocardia”.ti,ab OR “Lutembacher Syndrome”.ti,ab OR “Marfan Syndrome”.ti,ab OR
“Myocardial Bridging”.ti,ab OR “Noonan Syndrome”.ti,ab OR “Patent Ductus Arteriosus”.ti,ab OR
“Patent Foramen Ovale”.ti,ab OR “Persistent Truncus Arteriosus”.ti,ab OR “Tetralogy of Fallot”.
ti,ab OR “Transposition of Great Vessels”.ti,ab OR “Tricuspid Atresia”.ti,ab OR “Trilogy of Fallot”.
ti,ab OR “Trisomy 13 Syndrome”.ti,ab OR “Trisomy 18 Syndrome”.ti,ab OR “Turner Syndrome”.
ti,ab OR “Univentricular Heart”.ti,ab OR “congenital heart*”.ti,ab OR “congenital cardiac”.
ti,ab OR “congenital coronary”.ti,ab) AND (exp *”Placenta”/ OR exp *”Placenta Disorder”/
OR “Placenta*”.ti,ab OR “Placenta Diseases”.ti,ab OR “Placenta Disease”.ti,ab OR “Placenta
Previa”.ti,ab OR “Retained Placenta”.ti,ab OR “Placenta Accreta”.ti,ab OR “Abruptio Placentae”.
ti,ab OR “Chorioamnionitis”.ti,ab OR “Placental Insufficiency”.ti,ab OR “Placentome”.ti,ab OR
“Placentomes”.ti,ab OR “Chorionic Villi”.ti,ab OR “Decidua”.ti,ab OR “Deciduoma”.ti,ab OR
“Trophoblasts”.ti,ab OR “Trophoblast”.ti,ab OR “extraplacenta*”.ti,ab OR “intraplacenta*”.ti,ab)
AND (*”Fetus”/ OR “Fetus”.ti,ab OR “Foetus”.ti,ab OR “fetal*”.ti,ab OR “foetal*”.ti,ab) NOT (exp
“Animals”/ NOT exp “Humans”/) NOT ((“Case Report”/ OR “case report”.ti) NOT (“Review”/ OR
“review”.ti OR “Clinical Study”/ OR “trial”.ti OR “RCT”.ti OR exp “clinical trial”/)) AND (english.la
OR dutch.la)) NOT (conference review or conference abstract).pt

Web of Science

(ti=(“congenital heart disease” OR “congenital heart defect*” OR “congenital heart disease*” OR
“Heart Abnormalit*” OR “22q11 Deletion Syndrome” OR “Alagille Syndrome” OR “Anomalous Left
Coronary Artery” OR “Aortic Coarctation” OR “Aortopulmonary Septal Defect” OR “Aortopulmonary
Septal Defects” OR “Arrhythmogenic Right Ventricular Dysplasia” OR “Barth Syndrome” OR “Bland
White Garland Syndrome” OR “Congenitally Corrected Transposition of the Great Arteries” OR
“Cor Triatriatum” OR “Coronary Vessel Anomalies” OR “Coronary Vessel Anomaly” OR “Crisscross
Heart” OR “Dextrocardia” OR “DiGeorge Syndrome” OR “Double Outlet Right Ventricle” OR
“Ebstein Anomaly” OR “Ectopia Cordis” OR “Eisenmenger Complex” OR “Endocardial Cushion
Defect” OR “Endocardial Cushion Defects” OR “Heart Septal Defect” OR “Heart Septal Defects” OR
“Heterotaxy Syndrome” OR “Hypoplastic Left Heart Syndrome” OR “Isolated Noncompaction of the
Ventricular Myocardium” OR “Kartagener Syndrome” OR “LEOPARD Syndrome” OR “Levocardia”
OR “Lutembacher Syndrome” OR “Marfan Syndrome” OR “Myocardial Bridging” OR “Noonan
Syndrome” OR “Patent Ductus Arteriosus” OR “Patent Foramen Ovale” OR “Persistent Truncus
Arteriosus” OR “Tetralogy of Fallot” OR “Transposition of Great Vessels” OR “Tricuspid Atresia” OR
“Trilogy of Fallot” OR “Trisomy 13 Syndrome” OR “Trisomy 18 Syndrome” OR “Turner Syndrome”
OR “Univentricular Heart” OR “congenital heart*” OR “congenital cardiac” OR “congenital
coronary”) AND ts=(“Placenta” OR “Placenta Disorder” OR “Placenta*” OR “Placenta Diseases”
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OR “Placenta Disease” OR “Placenta Previa” OR “Retained Placenta” OR “Placenta Accreta”
OR “Abruptio Placentae” OR “Chorioamnionitis” OR “Placental Insufficiency” OR “Placentome”
OR “Placentomes” OR “Chorionic Villi” OR “Decidua” OR “Deciduoma” OR “Trophoblasts” OR
“Trophoblast” OR “extraplacenta*” OR “intraplacenta*”) AND ts=(“Fetus” OR “Fetus” OR “Foetus”
OR “fetal*” OR “foetal*”) NOT ti=((“Case Report” OR “case report”) NOT (“Review” OR “review” OR
“Clinical Study” OR “trial” OR “RCT”)) AND la=(english OR dutch) NOT ti=(“veterinary” OR “rabbit”
OR “rabbits” OR “animal” OR “animals” OR “mouse” OR “mice” OR “rodent” OR “rodents” OR
“rat” OR “rats” OR “pig” OR “pigs” OR “porcine” OR “horse” OR “horses” OR “equine” OR “cow”
OR “cows” OR “bovine” OR “goat” OR “goats” OR “sheep” OR “ovine” OR “canine” OR “dog” OR
“dogs” OR “feline” OR “cat” OR “cats”) NOT dt=(meeting abstract)) OR (ts=(“congenital heart
disease” OR “congenital heart defect*” OR “congenital heart disease*” OR “Heart Abnormalit*”
OR “22q11 Deletion Syndrome” OR “Alagille Syndrome” OR “Anomalous Left Coronary Artery” OR
“Aortic Coarctation” OR “Aortopulmonary Septal Defect” OR “Aortopulmonary Septal Defects”
OR “Arrhythmogenic Right Ventricular Dysplasia” OR “Barth Syndrome” OR “Bland White Garland
Syndrome” OR “Congenitally Corrected Transposition of the Great Arteries” OR “Cor Triatriatum”
OR “Coronary Vessel Anomalies” OR “Coronary Vessel Anomaly” OR “Crisscross Heart” OR
“Dextrocardia” OR “DiGeorge Syndrome” OR “Double Outlet Right Ventricle” OR “Ebstein
Anomaly” OR “Ectopia Cordis” OR “Eisenmenger Complex” OR “Endocardial Cushion Defect”
OR “Endocardial Cushion Defects” OR “Heart Septal Defect” OR “Heart Septal Defects” OR
“Heterotaxy Syndrome” OR “Hypoplastic Left Heart Syndrome” OR “Isolated Noncompaction of the
Ventricular Myocardium” OR “Kartagener Syndrome” OR “LEOPARD Syndrome” OR “Levocardia”
OR “Lutembacher Syndrome” OR “Marfan Syndrome” OR “Myocardial Bridging” OR “Noonan
Syndrome” OR “Patent Ductus Arteriosus” OR “Patent Foramen Ovale” OR “Persistent Truncus
Arteriosus” OR “Tetralogy of Fallot” OR “Transposition of Great Vessels” OR “Tricuspid Atresia” OR
“Trilogy of Fallot” OR “Trisomy 13 Syndrome” OR “Trisomy 18 Syndrome” OR “Turner Syndrome”
OR “Univentricular Heart” OR “congenital heart*” OR “congenital cardiac” OR “congenital
coronary”) AND ti=(“Placenta” OR “Placenta Disorder” OR “Placenta*” OR “Placenta Diseases”
OR “Placenta Disease” OR “Placenta Previa” OR “Retained Placenta” OR “Placenta Accreta”
OR “Abruptio Placentae” OR “Chorioamnionitis” OR “Placental Insufficiency” OR “Placentome”
OR “Placentomes” OR “Chorionic Villi” OR “Decidua” OR “Deciduoma” OR “Trophoblasts” OR
“Trophoblast” OR “extraplacenta*” OR “intraplacenta*”) AND ts=(“Fetus” OR “Fetus” OR “Foetus”
OR “fetal*” OR “foetal*”) NOT ti=((“Case Report” OR “case report”) NOT (“Review” OR “review” OR
“Clinical Study” OR “trial” OR “RCT”)) AND la=(english OR dutch) NOT ti=(“veterinary” OR “rabbit”
OR “rabbits” OR “animal” OR “animals” OR “mouse” OR “mice” OR “rodent” OR “rodents” OR
“rat” OR “rats” OR “pig” OR “pigs” OR “porcine” OR “horse” OR “horses” OR “equine” OR “cow”
OR “cows” OR “bovine” OR “goat” OR “goats” OR “sheep” OR “ovine” OR “canine” OR “dog” OR
“dogs” OR “feline” OR “cat” OR “cats”) NOT dt=(meeting abstract)) OR (ts=(“congenital heart
disease” OR “congenital heart defect*” OR “congenital heart disease*” OR “Heart Abnormalit*”
OR “22q11 Deletion Syndrome” OR “Alagille Syndrome” OR “Anomalous Left Coronary Artery” OR
“Aortic Coarctation” OR “Aortopulmonary Septal Defect” OR “Aortopulmonary Septal Defects”
OR “Arrhythmogenic Right Ventricular Dysplasia” OR “Barth Syndrome” OR “Bland White Garland
Syndrome” OR “Congenitally Corrected Transposition of the Great Arteries” OR “Cor Triatriatum”
OR “Coronary Vessel Anomalies” OR “Coronary Vessel Anomaly” OR “Crisscross Heart” OR
“Dextrocardia” OR “DiGeorge Syndrome” OR “Double Outlet Right Ventricle” OR “Ebstein
Anomaly” OR “Ectopia Cordis” OR “Eisenmenger Complex” OR “Endocardial Cushion Defect”
OR “Endocardial Cushion Defects” OR “Heart Septal Defect” OR “Heart Septal Defects” OR
“Heterotaxy Syndrome” OR “Hypoplastic Left Heart Syndrome” OR “Isolated Noncompaction of the
Ventricular Myocardium” OR “Kartagener Syndrome” OR “LEOPARD Syndrome” OR “Levocardia”
OR “Lutembacher Syndrome” OR “Marfan Syndrome” OR “Myocardial Bridging” OR “Noonan
Syndrome” OR “Patent Ductus Arteriosus” OR “Patent Foramen Ovale” OR “Persistent Truncus
Arteriosus” OR “Tetralogy of Fallot” OR “Transposition of Great Vessels” OR “Tricuspid Atresia” OR
“Trilogy of Fallot” OR “Trisomy 13 Syndrome” OR “Trisomy 18 Syndrome” OR “Turner Syndrome”
OR “Univentricular Heart” OR “congenital heart*” OR “congenital cardiac” OR “congenital
coronary”) AND ts=(“Placenta” OR “Placenta Disorder” OR “Placenta*” OR “Placenta Diseases”
OR “Placenta Disease” OR “Placenta Previa” OR “Retained Placenta” OR “Placenta Accreta”
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OR “Abruptio Placentae” OR “Chorioamnionitis” OR “Placental Insufficiency” OR “Placentome”
OR “Placentomes” OR “Chorionic Villi” OR “Decidua” OR “Deciduoma” OR “Trophoblasts” OR
“Trophoblast” OR “extraplacenta*” OR “intraplacenta*”) AND ti=(“Fetus” OR “Fetus” OR “Foetus”
OR “fetal*” OR “foetal*”) NOTti=((“Case Report” OR “case report”) NOT (“Review” OR “review” OR
“Clinical Study” OR “trial” OR “RCT”)) AND la=(english OR dutch) NOT ti=(“veterinary” OR “rabbit”
OR “rabbits” OR “animal” OR “animals” OR “mouse” OR “mice” OR “rodent” OR “rodents” OR
“rat” OR “rats” OR “pig” OR “pigs” OR “porcine” OR “horse” OR “horses” OR “equine” OR “cow”
OR “cows” OR “bovine” OR “goat” OR “goats” OR “sheep” OR “ovine” OR “canine” OR “dog” OR
“dogs” OR “feline” OR “cat” OR “cats”) NOT dt=(meeting abstract))

Cochrane

((“congenital heart disease” OR “congenital heart defect*” OR “congenital heart disease*” OR
“Heart Abnormalit*” OR “22q11 Deletion Syndrome” OR “Alagille Syndrome” OR “Anomalous Left
Coronary Artery” OR “Aortic Coarctation” OR “Aortopulmonary Septal Defect” OR “Aortopulmonary
Septal Defects” OR “Arrhythmogenic Right Ventricular Dysplasia” OR “Barth Syndrome” OR “Bland
White Garland Syndrome” OR “Congenitally Corrected Transposition of the Great Arteries” OR
“Cor Triatriatum” OR “Coronary Vessel Anomalies” OR “Coronary Vessel Anomaly” OR “Crisscross
Heart” OR “Dextrocardia” OR “DiGeorge Syndrome” OR “Double Outlet Right Ventricle” OR
“Ebstein Anomaly” OR “Ectopia Cordis” OR “Eisenmenger Complex” OR “Endocardial Cushion
Defect” OR “Endocardial Cushion Defects” OR “Heart Septal Defect” OR “Heart Septal Defects” OR
“Heterotaxy Syndrome” OR “Hypoplastic Left Heart Syndrome” OR “Isolated Noncompaction of the
Ventricular Myocardium” OR “Kartagener Syndrome” OR “LEOPARD Syndrome” OR “Levocardia”
OR “Lutembacher Syndrome” OR “Marfan Syndrome” OR “Myocardial Bridging” OR “Noonan
Syndrome” OR “Patent Ductus Arteriosus” OR “Patent Foramen Ovale” OR “Persistent Truncus
Arteriosus” OR “Tetralogy of Fallot” OR “Transposition of Great Vessels” OR “Tricuspid Atresia” OR
“Trilogy of Fallot” OR “Trisomy 13 Syndrome” OR “Trisomy 18 Syndrome” OR “Turner Syndrome”
OR “Univentricular Heart” OR “congenital heart*” OR “congenital cardiac” OR “congenital
coronary”) AND (“Placenta” OR “Placenta Disorder” OR “Placenta*” OR “Placenta Diseases”
OR “Placenta Disease” OR “Placenta Previa” OR “Retained Placenta” OR “Placenta Accreta”
OR “Abruptio Placentae” OR “Chorioamnionitis” OR “Placental Insufficiency” OR “Placentome”
OR “Placentomes” OR “Chorionic Villi” OR “Decidua” OR “Deciduoma” OR “Trophoblasts” OR
“Trophoblast” OR “extraplacenta*” OR “intraplacenta*”) AND (“Fetus” OR “Fetus” OR “Foetus”
OR “fetal*” OR “foetal*”)):ti,ab,kw NOT (conference abstract):pt

Emcare

((exp *”congenital heart disease”/ OR “congenital heart defect*”.ti,ab OR “congenital heart
disease*”.ti,ab OR “Heart Abnormalit*”.ti,ab OR “22q11 Deletion Syndrome”.ti,ab OR “Alagille
Syndrome”.ti,ab OR “Anomalous Left Coronary Artery”.ti,ab OR “Aortic Coarctation”.ti,ab
OR “Aortopulmonary Septal Defect”.ti,ab OR “Aortopulmonary Septal Defects”.ti,ab OR
“Arrhythmogenic Right Ventricular Dysplasia”.ti,ab OR “Barth Syndrome”.ti,ab OR “Bland White
Garland Syndrome”.ti,ab OR “Congenitally Corrected Transposition of the Great Arteries”.ti,ab
OR “Cor Triatriatum™.ti,ab OR “Coronary Vessel Anomalies”.ti,ab OR “Coronary Vessel Anomaly”.
ti,ab OR “Crisscross Heart”.ti,ab OR “Dextrocardia”.ti,ab OR “DiGeorge Syndrome”.ti,ab OR
“Double Outlet Right Ventricle”.ti,ab OR “Ebstein Anomaly”.ti,ab OR “Ectopia Cordis”.ti,ab OR
“Eisenmenger Complex”.ti,ab OR “Endocardial Cushion Defect”.ti,ab OR “Endocardial Cushion
Defects”.ti,ab OR “Heart Septal Defect”.ti,ab OR “Heart Septal Defects”.ti,ab OR “Heterotaxy
Syndrome”.ti,ab OR “Hypoplastic Left Heart Syndrome”.ti,ab OR “Isolated Noncompaction of
the Ventricular Myocardium”.ti,ab OR “Kartagener Syndrome”.ti,ab OR “LEOPARD Syndrome”.
ti,ab OR “Levocardia”.ti,ab OR “Lutembacher Syndrome”.ti,ab OR “Marfan Syndrome”.ti,ab OR
“Myocardial Bridging”.ti,ab OR “Noonan Syndrome”.ti,ab OR “Patent Ductus Arteriosus”.ti,ab OR
“Patent Foramen Ovale”.ti,ab OR “Persistent Truncus Arteriosus”.ti,ab OR “Tetralogy of Fallot”.
ti,ab OR “Transposition of Great Vessels”.ti,ab OR “Tricuspid Atresia”.ti,ab OR “Trilogy of Fallot”.
ti,ab OR “Trisomy 13 Syndrome”.ti,ab OR “Trisomy 18 Syndrome”.ti,ab OR “Turner Syndrome”.
ti,ab OR “Univentricular Heart”.ti,ab OR “congenital heart*”.ti,ab OR “congenital cardiac”.
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ti,ab OR “congenital coronary”.ti,ab) AND (exp *”Placenta”/ OR exp *”Placenta Disorder”/
OR “Placenta*”.ti,ab OR “Placenta Diseases”.ti,ab OR “Placenta Disease”.ti,ab OR “Placenta
Previa”.ti,ab OR “Retained Placenta”.ti,ab OR “Placenta Accreta”.ti,ab OR “Abruptio Placentae”.
ti,ab OR “Chorioamnionitis”.ti,ab OR “Placental Insufficiency”.ti,ab OR “Placentome”.ti,ab OR
“Placentomes”.ti,ab OR “Chorionic Villi”.ti,ab OR “Decidua”.ti,ab OR “Deciduoma”.ti,ab OR
“Trophoblasts”.ti,ab OR “Trophoblast”.ti,ab OR “extraplacenta*”.ti,ab OR “intraplacenta*”.ti,ab)
AND (*”Fetus”/ OR “Fetus”.ti,ab OR “Foetus”.ti,ab OR “fetal*”.ti,ab OR “foetal*”.ti,ab) NOT (exp
“Animals”/ NOT exp “Humans”/) NOT ((“Case Report”/ OR “case report”.ti) NOT (“Review”/ OR
“review”.ti OR “Clinical Study”/ OR “trial”.ti OR “RCT”.ti OR exp “clinical trial”’/)) AND (english.la
OR dutch.la)).

GENETICS

Pubmed

((“Heart Defects, Congenital” ™" OR “congenital heart defect*”t OR “congenital heart disease*” !
OR “Heart Abnormalit*” OR “22q11 Deletion Syndrome” " OR “Alagille Syndrome” “ OR “Anomalous
Left Coronary Artery”t OR “Aortic Coarctation”t OR “Aortopulmonary Septal Defect”® OR
“Aortopulmonary Septal Defects”t OR “Arrhythmogenic Right Ventricular Dysplasia”! OR “Barth
Syndrome”t OR “Bland White Garland Syndrome” % OR “Congenitally Corrected Transposition of
the Great Arteries” " OR “Cor Triatriatum” " OR “Coronary Vessel Anomalies” " OR “Coronary Vessel
Anomaly”t OR “Crisscross Heart”t OR “Dextrocardia”t OR “DiGeorge Syndrome”t OR “Double
Outlet Right Ventricle” ' OR “Ebstein Anomaly” % OR “Ectopia Cordis” ' OR “Eisenmenger Complex” !
OR “Endocardial Cushion Defect” OR “Endocardial Cushion Defects”t OR “Heart Septal Defect” "
OR “Heart Septal Defects” ! OR “Heterotaxy Syndrome”t OR “Hypoplastic Left Heart Syndrome”t
OR “Isolated Noncompaction of the Ventricular Myocardium”t OR “Kartagener Syndrome”t OR
“LEOPARD Syndrome” % OR “Levocardia” " OR “Lutembacher Syndrome” ! OR “Marfan Syndrome” !
OR “Myocardial Bridging” ™ OR “Noonan Syndrome”t OR “Patent Ductus Arteriosus” " OR “Patent
Foramen Ovale” ! OR “Persistent Truncus Arteriosus” " OR “Tetralogy of Fallot” " OR “Transposition
of Great Vessels”t OR “Tricuspid Atresia”ti OR “Trilogy of Fallot”t OR “Trisomy 13 Syndrome
OR “Trisomy 18 Syndrome”! OR “Turner Syndrome” ! OR “Univentricular Heart” " OR “congenital
heart*”t OR “congenital cardiac” OR “congenital coronary”) AND (“Fetus”™esh OR “Fetus”t™
OR “Foetus”t™ OR “fetal*”®™ OR “foetal*”*™) AND (“Heart Defects, Congenital/genetics” ™" OR
“genetics” " OR “genetic*” OR “Genetic Techniques” ™" OR “Genetic Phenomena” ™" OR “RNA” mair
OR “RNA”!Y OR “DNA”mar OR “DNA” % OR “Sequence Analysis” ™" OR “Sequence Analysis”t OR
“sequencing”t) NOT (“Animals”™s" NOT “Humans”mh) NOT ((“Case Reports”?¥» OR “case
report”t) NOT (“Review”?¥ OR “review”!t OR “Clinical Study”?¥ OR “trial”t OR “RCT” %)) AND
(english'2 OR dutch'?))

” tj

Embase

((exp *”congenital heart disease”/ OR “congenital heart defect*”.ti,ab OR “congenital heart
disease*”.ti,ab OR ”"Heart Abnormalit*”.ti,ab OR ”22qg11 Deletion Syndrome”.ti,ab OR ”Alagille
Syndrome”.ti,ab OR ”Anomalous Left Coronary Artery”.ti,ab OR ”Aortic Coarctation”.ti,ab
OR ”Aortopulmonary Septal Defect”.ti,ab OR ”Aortopulmonary Septal Defects”.ti,ab OR
”Arrhythmogenic Right Ventricular Dysplasia”.ti,ab OR ”Barth Syndrome”.ti,ab OR ”Bland White
Garland Syndrome”.ti,ab OR ”Congenitally Corrected Transposition of the Great Arteries”.ti,ab
OR ”Cor Triatriatum”.ti,ab OR ”Coronary Vessel Anomalies”.ti,ab OR ”Coronary Vessel Anomaly”.
ti,ab OR ”Crisscross Heart”.ti,ab OR ”Dextrocardia”.ti,ab OR ”DiGeorge Syndrome”.ti,ab OR
”Double Outlet Right Ventricle”.ti,ab OR ”Ebstein Anomaly”.ti,ab OR ”Ectopia Cordis”.ti,ab OR
”Eisenmenger Complex”.ti,ab OR ”"Endocardial Cushion Defect”.ti,ab OR "Endocardial Cushion
Defects”.ti,ab OR ”"Heart Septal Defect”.ti,ab OR ”"Heart Septal Defects”.ti,ab OR "Heterotaxy
Syndrome”.ti,ab OR ”Hypoplastic Left Heart Syndrome”.ti,ab OR ”Isolated Noncompaction of
the Ventricular Myocardium”.ti,ab OR ”Kartagener Syndrome”.ti,ab OR "LEOPARD Syndrome”.
ti,ab OR ”Levocardia”.ti,ab OR ”Lutembacher Syndrome”.ti,ab OR "Marfan Syndrome”.ti,ab OR
”Myocardial Bridging”.ti,ab OR ”Noonan Syndrome”.ti,ab OR ”Patent Ductus Arteriosus”.ti,ab OR
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”Patent Foramen Ovale”.ti,ab OR ”Persistent Truncus Arteriosus”.ti,ab OR ”Tetralogy of Fallot”.
ti,ab OR ”Transposition of Great Vessels”.ti,ab OR *Tricuspid Atresia”.ti,ab OR ”Trilogy of Fallot”.
ti,ab OR ”Trisomy 13 Syndrome”.ti,ab OR ”Trisomy 18 Syndrome”.ti,ab OR ”Turner Syndrome”.
ti,ab OR ”Univentricular Heart”.ti,ab OR "congenital heart*”.ti,ab OR "congenital cardiac”.ti,ab OR
”congenital coronary”.ti,ab) AND (exp ”Placenta”/ OR exp ”Placenta Disorder”/ OR ”Placenta*”.
mp OR ”Placenta Diseases”.mp OR ”Placenta Disease”.mp OR ”Placenta Previa”.mp OR ”"Retained
Placenta”.mp OR ”Placenta Accreta”.mp OR ”Abruptio Placentae”.mp OR ”Chorioamnionitis”.
mp OR ”Placental Insufficiency”.mp OR ”Placentome”.mp OR ”Placentomes”.mp OR ”Chorionic
Villi”.mp OR ”Decidua”.mp OR ”Deciduoma”.mp OR ”Trophoblasts”.mp OR "Trophoblast”.mp
OR "extraplacenta*”.mp OR "intraplacenta*”.mp) AND (”Fetus”/ OR ”Fetus”.mp OR ”Foetus”.mp
OR "fetal*”.mp OR ”foetal*”.mp) AND ("genetics”.mp OR “genetic*”.mp OR exp "genetics”/ OR
”Genetic Procedures”/ OR exp "heredity”/ OR exp "RNA”/ OR ”RNA”.mp OR exp "DNA”/ OR "DNA”.
mp OR exp ”Sequence Analysis”/ OR ”Sequence Analysis”.mp OR ”sequencing”.mp) NOT (exp
”Animals”/ NOT exp "Humans”/) NOT (("Case Report”/ OR ”case report”.ti) NOT (”Review”/ OR
”review”.ti OR ”Clinical Study”/ OR ”trial”.ti OR "RCT”.ti OR exp “clinical trial”/)) AND (english.la
OR dutch.la)) NOT (conference review or conference abstract).pt

Web of Science

(ts=(“congenital heart disease” OR “congenital heart defect*” OR “congenital heart disease*” OR
“Heart Abnormalit*” OR “22q11 Deletion Syndrome” OR “Alagille Syndrome” OR “Anomalous Left
Coronary Artery” OR “Aortic Coarctation” OR “Aortopulmonary Septal Defect” OR “Aortopulmonary
Septal Defects” OR “Arrhythmogenic Right Ventricular Dysplasia” OR “Barth Syndrome” OR “Bland
White Garland Syndrome” OR “Congenitally Corrected Transposition of the Great Arteries” OR
“Cor Triatriatum” OR “Coronary Vessel Anomalies” OR “Coronary Vessel Anomaly” OR “Crisscross
Heart” OR “Dextrocardia” OR “DiGeorge Syndrome” OR “Double Outlet Right Ventricle” OR
“Ebstein Anomaly” OR “Ectopia Cordis” OR “Eisenmenger Complex” OR “Endocardial Cushion
Defect” OR “Endocardial Cushion Defects” OR “Heart Septal Defect” OR “Heart Septal Defects” OR
“Heterotaxy Syndrome” OR “Hypoplastic Left Heart Syndrome” OR “Isolated Noncompaction of the
Ventricular Myocardium” OR “Kartagener Syndrome” OR “LEOPARD Syndrome” OR “Levocardia”
OR “Lutembacher Syndrome” OR “Marfan Syndrome” OR “Myocardial Bridging” OR “Noonan
Syndrome” OR “Patent Ductus Arteriosus” OR “Patent Foramen Ovale” OR “Persistent Truncus
Arteriosus” OR “Tetralogy of Fallot” OR “Transposition of Great Vessels” OR “Tricuspid Atresia” OR
“Trilogy of Fallot” OR “Trisomy 13 Syndrome” OR “Trisomy 18 Syndrome” OR “Turner Syndrome”
OR “Univentricular Heart” OR “congenital heart*” OR “congenital cardiac” OR “congenital
coronary”) AND ts=(“Placenta” OR “Placenta Disorder” OR “Placenta*” OR “Placenta Diseases”
OR “Placenta Disease” OR “Placenta Previa” OR “Retained Placenta” OR “Placenta Accreta”
OR “Abruptio Placentae” OR “Chorioamnionitis” OR “Placental Insufficiency” OR “Placentome”
OR “Placentomes” OR “Chorionic Villi” OR “Decidua” OR “Deciduoma” OR “Trophoblasts”
OR “Trophoblast” OR “extraplacenta*” OR “intraplacenta*”) AND ts=(“Fetus” OR “Fetus” OR
“Foetus” OR “fetal*” OR “foetal*”) AND ts=(“genetics” OR “genetic*” OR “genetics” OR “Genetic
Procedures” OR “heredity” OR “RNA” OR “RNA” OR “DNA” OR “DNA” OR “Sequence Analysis”
OR “Sequence Analysis” OR “sequencing”) NOT ti=((“Case Report” OR “case report”) NOT
(“Review” OR “review” OR “Clinical Study” OR “trial” OR “RCT”)) AND la=(english OR dutch) NOT
ti=(“veterinary” OR “rabbit” OR “rabbits” OR “animal” OR “animals” OR “mouse” OR “mice” OR
“rodent” OR “rodents” OR “rat” OR “rats” OR “pig” OR “pigs” OR “porcine” OR “horse” OR “horses”
OR “equine” OR “cow” OR “cows” OR “bovine” OR “goat” OR “goats” OR “sheep” OR “ovine” OR
“canine” OR “dog” OR “dogs” OR “feline” OR “cat” OR “cats”) NOT dt=(meeting abstract))

Cochrane

(("congenital heart disease” OR “congenital heart defect*” OR ”congenital heart disease*” OR
”Heart Abnormalit*” OR ”22q11 Deletion Syndrome” OR ”Alagille Syndrome” OR "Anomalous Left
Coronary Artery” OR ”Aortic Coarctation” OR ”Aortopulmonary Septal Defect” OR ”Aortopulmonary
Septal Defects” OR ”Arrhythmogenic Right Ventricular Dysplasia” OR ”Barth Syndrome” OR ”Bland
White Garland Syndrome” OR ”Congenitally Corrected Transposition of the Great Arteries” OR
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”Cor Triatriatum” OR ”Coronary Vessel Anomalies” OR ”Coronary Vessel Anomaly” OR ”Crisscross
Heart” OR ”Dextrocardia” OR ”DiGeorge Syndrome” OR ”Double Outlet Right Ventricle” OR
”Ebstein Anomaly” OR ”Ectopia Cordis” OR "Eisenmenger Complex” OR ”Endocardial Cushion
Defect” OR ”Endocardial Cushion Defects” OR ”Heart Septal Defect” OR ”Heart Septal Defects” OR
”Heterotaxy Syndrome” OR ”Hypoplastic Left Heart Syndrome” OR ”Isolated Noncompaction of the
Ventricular Myocardium” OR ”Kartagener Syndrome” OR ”LEOPARD Syndrome” OR ”Levocardia”
OR ”Lutembacher Syndrome” OR ”Marfan Syndrome” OR ”Myocardial Bridging” OR ”Noonan
Syndrome” OR ”Patent Ductus Arteriosus” OR ”Patent Foramen Ovale” OR ”Persistent Truncus
Arteriosus” OR "Tetralogy of Fallot” OR ”Transposition of Great Vessels” OR *Tricuspid Atresia” OR
”Trilogy of Fallot” OR ”Trisomy 13 Syndrome” OR "Trisomy 18 Syndrome” OR ”Turner Syndrome”
OR ”Univentricular Heart” OR ”congenital heart*” OR ”congenital cardiac” OR ”congenital
coronary”) AND (”Placenta” OR ”Placenta Disorder” OR ”Placenta*” OR ”Placenta Diseases”
OR ”Placenta Disease” OR ”Placenta Previa” OR ”Retained Placenta” OR ”Placenta Accreta”
OR ”Abruptio Placentae” OR ”Chorioamnionitis” OR ”Placental Insufficiency” OR ”Placentome”
OR ”Placentomes” OR ”Chorionic Villi” OR ”Decidua” OR ”Deciduoma” OR ”Trophoblasts” OR
"Trophoblast” OR “extraplacenta*” OR ”intraplacenta*”) AND (”Fetus” OR ”Fetus” OR ”Foetus”
OR ”fetal*” OR ”foetal*”) AND (“genetics” OR ”genetic*” OR “genetics” OR ”Genetic Procedures”
OR ”heredity” OR ”RNA” OR "RNA” OR "DNA” OR "DNA” OR ”Sequence Analysis” OR ”Sequence
Analysis” OR ”"sequencing”)):ti,ab,kw NOT (conference abstract):pt

Emcare

((exp *”congenital heart disease”/ OR ”congenital heart defect*”.ti,ab OR ”congenital heart
disease*”.ti,ab OR ”Heart Abnormalit*”.ti,ab OR ”22q11 Deletion Syndrome”.ti,ab OR "Alagille
Syndrome”.ti,ab OR ”Anomalous Left Coronary Artery”.ti,ab OR ”Aortic Coarctation”.ti,ab
OR "Aortopulmonary Septal Defect”.ti,ab OR "Aortopulmonary Septal Defects”.ti,ab OR
”Arrhythmogenic Right Ventricular Dysplasia”.ti,ab OR ”Barth Syndrome”.ti,ab OR ”Bland White
Garland Syndrome”.ti,ab OR ”Congenitally Corrected Transposition of the Great Arteries”.ti,ab
OR ”Cor Triatriatum™.ti,ab OR ”Coronary Vessel Anomalies”.ti,ab OR ”Coronary Vessel Anomaly”.
ti,ab OR ”Crisscross Heart”.ti,ab OR ”Dextrocardia”.ti,ab OR ”DiGeorge Syndrome”.ti,ab OR
”Double Outlet Right Ventricle”.ti,ab OR ”"Ebstein Anomaly”.ti,ab OR ”Ectopia Cordis”.ti,ab OR
”Eisenmenger Complex”.ti,ab OR ”"Endocardial Cushion Defect”.ti,ab OR ”"Endocardial Cushion
Defects”.ti,ab OR ”Heart Septal Defect”.ti,ab OR ”Heart Septal Defects”.ti,ab OR ”Heterotaxy
Syndrome”.ti,ab OR ”Hypoplastic Left Heart Syndrome”.ti,ab OR ”Isolated Noncompaction of
the Ventricular Myocardium”.ti,ab OR ”Kartagener Syndrome”.ti,ab OR "LEOPARD Syndrome”.
ti,ab OR ”Levocardia”.ti,ab OR ”Lutembacher Syndrome”.ti,ab OR "Marfan Syndrome”.ti,ab OR
”Myocardial Bridging”.ti,ab OR ”Noonan Syndrome”.ti,ab OR ”Patent Ductus Arteriosus™.ti,ab OR
”Patent Foramen Ovale”.ti,ab OR ”Persistent Truncus Arteriosus”.ti,ab OR ”Tetralogy of Fallot™.
ti,ab OR ”Transposition of Great Vessels”.ti,ab OR *Tricuspid Atresia”.ti,ab OR *Trilogy of Fallot”.
ti,ab OR ”Trisomy 13 Syndrome”.ti,ab OR ”Trisomy 18 Syndrome”.ti,ab OR ”Turner Syndrome”.
ti,ab OR ”Univentricular Heart”.ti,ab OR ”congenital heart*”.ti,ab OR "congenital cardiac”.ti,ab OR
”congenital coronary”.ti,ab) AND (exp ”Placenta”/ OR exp ”Placenta Disorder”/ OR ”Placenta*”.
mp OR ”Placenta Diseases”.mp OR ”Placenta Disease”.mp OR ”Placenta Previa”.mp OR ”Retained
Placenta”.mp OR ”Placenta Accreta”.mp OR ”Abruptio Placentae”.mp OR ”Chorioamnionitis™.
mp OR ”Placental Insufficiency”.mp OR ”Placentome”.mp OR ”Placentomes”.mp OR ”Chorionic
Villi”.mp OR ”Decidua”.mp OR ”Deciduoma”.mp OR ”Trophoblasts”.mp OR ”Trophoblast”.mp
OR ”extraplacenta*”.mp OR ”intraplacenta*”.mp) AND (”Fetus”/ OR ”Fetus”.mp OR ”Foetus”.mp
OR "fetal*”.mp OR ”foetal*”.mp) AND (“genetics”.mp OR ”genetic*”.mp OR exp “genetics”/ OR
”Genetic Procedures”/ OR exp "heredity”/ OR exp "RNA”/ OR ”RNA”.mp OR exp "DNA”/ OR "DNA”.
mp OR exp ”Sequence Analysis”/ OR ”Sequence Analysis”.mp OR ”sequencing”.mp) NOT (exp
”Animals”/ NOT exp "Humans”/) NOT ((“Case Report”/ OR “case report”.ti) NOT (“Review”/ OR
“review”.ti OR “Clinical Study”/ OR “trial”.ti OR “RCT”.ti OR exp “clinical trial”’/)) AND (english.la
OR dutch.la)) NOT (conference review or conference abstract).pt
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