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CHAPTER 1
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Congenital heart diseases are the most common birth defects occurring in 

approximately 1% of all live births and this number globally continues to increase.1,2 

Due to the extensive advancement of both surgical and medical treatment, many 

women with congenital heart disease (CHD) reach child bearing age and pursue 

pregnancy. The presence of maternal heart disease has an adverse effect on 

pregnancy outcome resulting in increased risk of pregnancy complications for both 

mother and child.3 Large observational studies and registries of pregnancy outcomes 

have increased our knowledge and improved the management of pregnancy in 

women with CHD.4-9 However, many questions still remain unanswered, especially 

regarding the pathophysiological mechanism whereby a congenital heart disease 

affects placental function in pregnancy. Further research on this topic is therefore 

needed.

Cardiac and placental adaptation during pregnancy
The maternal cardiovascular system needs profound adaptations during pregnancy 

in order to accommodate to the increased metabolic demands of both mother and 

fetus. Plasma volume, and as a result, cardiac output (CO) increases by approximately 

50% during pregnancy. The rise in CO is accomplished by an increase in stroke volume 

and heart rate and a decrease in systemic vascular resistance.10 In normal pregnancy, 

several adaptations of the heart occur because of the protracted volume overload. 

Atrial and ventricular diameters increase and progressive left ventricular remodeling 

occurs while ventricular function is preserved.11-14

In pregnant women with CHD, cardiac adaptation can be suboptimal. Depending 

on the underlying heart disease, pregnancy can be associated with deterioration 

of ventricular and valvular function.15-18 Worsening of ventricular systolic function, 

progressive diastolic dysfunction and deterioration of valvular function are described, 

suggesting that the volume overload of pregnancy is not always well tolerated. 

Fatigue, decreased exercise tolerance and edema of the legs are symptoms present 

during normal pregnancy. In pregnant women with CHD however, arrhythmias and 

heart failure are observed more often than outside pregnancy, probably related to 

the hemodynamic burden imposed by pregnancy. In addition, persisting cardiac 

remodeling and deteriorated ventricular function are found after pregnancy and can 

be long lasting or even permanent in these women.19-22

All the hemodynamic changes happen for a reason, namely to facilitate proper 
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fetal-placental function during pregnancy. The placenta is a unique vascular organ 

with two circulatory systems, one of the mother and the other of the fetus: the 

maternal-placental (uteroplacental) circulation and the fetal-placental (fetoplacental) 

circulation, as shown in Figure 1. These separate circulations have a unique way 

of exchanging nutrients and oxygen. Maternal blood enters the placenta through 

uterine spiral arteries and returns via uterine veins. Focusing on the fetoplacental 

circulation, umbilical arteries carry fetal blood from the fetus to the placenta and the 

umbilical vein carries oxygenated and nutrient-rich blood towards the fetus.23 For 

normal placental function, a high-flow and low-pressure circulation is needed. This 

requires vascular remodeling of the uteroplacental circulation.

Figure 1. Schematic graphical presentation of the placenta with maternal and fetal circulation. 
A; artery, V; vein. Adapted from Servier Medical Art licensed under CC BY 3.0

This remodeling is characterized by drastic transformation of the uterine circulation, 

mediated by trophoblast invasion, increased shear stress and angiogenic and 

humoral factors.24 The high-flow and low-pressure state guarantees sufficient blood 

flow throughout pregnancy when cardiac function is preserved. So what happens 

when this is not the case?
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Uteroplacental circulation can be measured with a relatively simple technique 

using Doppler ultrasound to provide insight into placental function. Abnormalities 

in placentation result in elevated uteroplacental vascular resistance (uterine and/or 

umbilical arteries), which is reflected by abnormal uteroplacental Doppler flow (UDF) 

patterns. These abnormal UDF patterns are, in turn, associated with worse pregnancy 

outcome.25,26 In women with CHD, uteroplacental circulation is impaired compared to 

healthy women as indicated by a higher incidence of abnormal UDF.27,28

Pregnancy in women with congenital heart disease
In total, 18 years of ZAHARA (Zwangerschap bij Aangeboren HARtAfwijkingen, 

pregnancy in congenital heart disease) research has been performed in multiple 

centers in the Netherlands, initiated and directed by dr. P.G. Pieper from the 

University Medical Center Groningen. In this period we have acquired valuable insight 

in pregnancy outcomes and predictors of pregnancy complications in this patients 

population. This had also led to the proposition of possible pathophysiological 

mechanisms linking heart and placental function in pregnant women with CHD.

This research line started with the ZAHARA I study (conducted between 2002 – 2007), 

which focused on epidemiological aspects and showed that pregnant women with 

CHD have an increased risk of cardiovascular, obstetric and neonatal complications.29 

Furthermore, neonatal complications appeared to be related to maternal cardiac 

function, while placenta-related complications (i.e. pregnancy related hypertensive 

disorders and fetal growth restriction) were more frequently observed in women with 

CHD.5,29 This resulted in the first thesis based on ZAHARA data, defended by Wim 

Drenthen (02-07-2007). Based on these findings, an underlying pathophysiological 

mechanism was suggested linking cardiac function, placental function and pregnancy 

outcome and formed the basis of the ZAHARA II study design (conducted between 

2008 – 2011). The ZAHARA II study addressed the longitudinal changes in the 

relationship between cardiovascular parameters and UDF patterns during pregnancy 

in this group of women.30 UDF measurements were frequently abnormal in pregnant 

women with CHD and were associated with impaired maternal cardiovascular function 

as well as with neonatal outcome.28 Besides the first exploration of the suggested 

underlying mechanism linking the heart, the placenta and pregnancy outcome, the 

ZAHARA II study also provided the opportunity to validate existing prediction models 

for pregnant women with CHD. 31 These findings were described in the thesis of Ali 

Balci (05-09-2012). Furthermore, the ZAHARA II study enabled assessment of the 
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impact of pregnancy on maternal cardiac function and the identification of predictors 

for cardiovascular complications in women with CHD.16,22 Increased N-terminal pro-

B-type natriuretic peptide (NT-proBNP) levels at 20 weeks gestation appeared to be 

able to predict cardiovascular complications later during pregnancy.32 This biomarker 

is now included as a risk predictor in the current guidelines for the management 

of cardiovascular diseases during pregnancy.3 These findings were described in the 

thesis of Marlies Kampman (16-03-2016). From a broader perspective, possibilities for 

improvement of pregnancy care in women with severe cardiovascular pathology were 

studied and resulted in a thesis defended by Heleen Lameijer (12-11-2018). These 

previous major studies have contributed to a better understanding of pregnancy 

outcome in women with CHD and to the current guidelines for the management of 

cardiovascular diseases during pregnancy3, and formed the basis for new research 

questions for future projects.

Increased recognition of the role of the right ventricle
Notable were the findings of right ventricular (RV) function in the ZAHARA studies, 

which were fundamental for the design of the current thesis. In pregnant women 

with right-sided CHD, the evolution of RV function was different compared to healthy 

women, suggesting that, although absolute levels of RV systolic function in pregnant 

women with CHD were in the low-normal range, this might not be sufficient to meet 

the increased demands of pregnancy.16 Further studies showed that RV dysfunction 

before pregnancy is an independent predictor for cardiovascular complications during 

pregnancy and the RV tends to dilate in women with cardiovascular complications 

during pregnancy.22,32

Since evidence is increasing that maternal cardiac dysfunction affects placental 

function and thus pregnancy outcome, further studies addressing the underlying 

pathophysiological mechanism in women with CHD are needed as this may have 

important implications for pregnancy counseling, monitoring, institution of therapeutic 

strategies and pregnancy outcome. Moreover, because of our remarkable previous 

findings, we believe that RV function deserves further investigation to define the role 

of RV function in the cardio-placental interaction and further delineate the possible 

role of RV dysfunction as a predisposing factor for adverse pregnancy outcome. We 

believe that early identification of women at increased risk for complications may 

be crucial. However, early prediction of these risks remain challenging and therefore 
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more research to early risk predictors is needed. The ZAHARA III study (conducted 

between 2011-2015), allows us to further explore these gaps in knowledge.

Aims of the thesis
In this thesis we aim to:

• Improve risk stratification in pregnant women with CHD based on further 

exploring the possible underlying pathophysiological mechanisms between the 

heart and placenta

• To identify clinical factors related to increased risk of pregnancy complications

This will be done in both heterogeneous and homogenous populations of pregnant 

women with CHD in which we will investigate the association between maternal 

cardiac function and uteroplacental circulation (Chapter 2 – 5). Furthermore, we 

will set up a pilot study to investigate maternal venous hemodynamics (hepatic and 

renal venous flow) in pregnant women with Tetralogy of Fallot (Chapter 6). We will 

also perform a review of the literature on placental function in women with various 

types of cardiovascular dysfunction, thereby aiming to provide more insight into the 

possible underlying mechanisms of placental malfunction (Chapter 7). To further 

identify pregnancies with increased complication risk, we will study the predictive 

value of first trimester NT-proBNP for cardiovascular complications and its association 

with ventricular function (Chapter 8). Also, we will describe the (normal) course 

of echocardiography parameters used for the evaluation of valvular heart disease 

during pregnancy (Chapter 9). The common denominator of these studies is the 

search for possibilities to improve risk assessment in pregnant women with CHD and 

to explore the role of RV function during pregnancy.
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PART I 

PATHOPHYSIOLOGICAL MECHANISMS
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