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CHAPTER 10
SUMMARY, DISCUSSION AND  

FUTURE PERSPECTIVES
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Summary
In this thesis we aimed to improve risk stratification in pregnant women with 

congenital heart disease (CHD) based on increasing our knowledge about the possible 

underlying pathophysiological mechanisms between the heart and placenta (part I) 

and to clinical factors related to increased risk of pregnancy complications (part II).

In chapter 2 and chapter 3, we showed that not only in a population with right 

sided CHD (repaired Tetralogy of Fallot, ToF) but also in a population with left sided 

CHD (corrected Coarctation of the Aorta), reduced maternal right ventricular (RV) 

function is associated with impaired uteroplacental circulation in the second and 

third trimester, which is in turn, associated with adverse pregnancy outcome. In 

chapter 4, we demonstrated in pregnant women with repaired ToF that impaired 

RV function before pregnancy is associated with less favorable uteroplacental 

circulation parameters already in the first trimester of pregnancy. Therefore, early 

monitoring of uteroplacental flow might be of value in women with CHD with (sub)

clinical RV dysfunction to identify pregnancies that would benefit from close obstetric 

surveillance. In chapter 5, we dove deeper in to the underlying relation between 

impaired RV function and placental circulation by investigating cardiac function with 

CMR in pregnant women with repaired ToF. Again we found that reduced RV function, 

and not left ventricular function, was associated with impaired uteroplacental 

circulation parameters. Evidence is therefore increasing that reduced RV function is a 

predisposing factor for impaired placental function, possibly due to venous congestion. 

To find evidence for this hypothesis, we investigated in chapter 6 the hepatic and 

renal venous flow in pregnant women with repaired ToF. We observed in this pilot 

study that pregnant women with repaired ToF have abnormal venous flow in the liver 

and kidneys. These findings create the hypothesis that venous congestion is present 

in pregnant women with (sub)clinical RV dysfunction. In chapter 7, we reviewed the 

literature and described cardiovascular determinants of impaired placental function 

in women with heart disease. The relation between cardiac dysfunction and placenta 

development and function is not yet established well, but it is most likely multifactorial 

with synergistic effects. Maternal hypoperfusion, increased central venous pressure, 

pre-existing hypertension and chronic hypoxia all lead to placental malfunction, and 

their interaction may amplify the negative impact.

In part II, we investigated possible clinical factors related to increased risk of 

pregnancy complications. In chapter 8, we showed that first trimester N-terminal 

pro-B-type natriuretic peptide (NT-proBNP) levels (> 235 pg/mL) are associated with 
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adverse cardiovascular (CV) complications and a decline in RV function later on during 

pregnancy in women with CHD. NT-proBNP evaluation in early pregnancy is therefore 

useful for tailored care in pregnant women with CHD. In chapter 9, we described 

the course of echocardiography parameters used for the evaluation of valvular heart 

disease during pregnancy, which is of additional value to distinguish between normal 

vs. abnormal pregnancies. In women with aortic valve disease, Doppler gradients 

increased during pregnancy due to physiological changes. In women with pulmonary 

valve disease, such increase was not found, probably because of impaired RV function. 

Therefore for proper risk assessment, evaluation of RV function during pregnancy 

might be important to prevent underestimation of the degree of stenosis.

In conclusion, this thesis added valuable new insights to the knowledge of the 

underlying pathophysiological mechanisms between the heart and placenta in 

women with CHD. Venous congestion related to (sub)clinical RV dysfunction may play 

an important role. Early evaluation of RV function, NT-proBNP and uteroplacental 

circulation is of additional value to identify pregnant women with increased risk of 

complications and is useful for tailored care in pregnant women with CHD.

Discussion and future perspectives
The presence of maternal heart disease can result in adverse pregnancy outcome 

for both the mother and her child and complicates 1-4% of these pregnancies.1 

In order to reduce the burden of pregnancy complications in women with CHD, 

proper pre-pregnancy counseling and management during pregnancy are of utmost 

importance. However, it is also important to mention that many women with CHD 

experience uncomplicated pregnancies. All women with CHD who wish to embark on 

pregnancy require timely pre-pregnancy counseling.2 For adequate risk assessment 

an echocardiography, electrocardiogram, exercise test and blood measurements 

(including NT-proBNP) should be performed. According to the current guidelines, 

intensity of follow-up during pregnancy depends on modified WHO risk classification 

of maternal risk (Table 1).1 Counseling and management of pregnant women classified 

in WHO II-III, III and IV should be conducted in an expert center by a multidisciplinary 

pregnancy heart team (at least including a cardiologist, obstetrician and anesthetist, 

all with expertise in the management of high risk pregnancies in women with heart 

disease).

Current guidelines have dramatically improved care in CHD patients during 

pregnancy. However, further research in 1) the underlying pathophysiological 
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mechanisms between the heart and placenta and 2) predictors for increased risk 

of pregnancy complications can help us improve pregnancy care even more. The 

following paragraphs will discuss the results of this thesis in the light of the current 

knowledge and give insight for future investigation.

Table 1. Modified World Health Organization classification of maternal cardiovascular risk1

mWHO I mWHO II mWHO II-III mWHO III mWHO IV
Mortality risk No de-

tectable 
increased 
risk

Small in-
creased risk

Intermediate 
increased 
risk

Significantly 
increased 
risk

Extremely 
high risk

Morbidity risk No/mild 
increased 
risk

Moderate 
increased 
risk

Moderate/
severe in-
creased risk

Severe in-
creased risk

Severe in-
creased risk

Maternal cardiac 
event rate

2.5 – 5% 5.7 – 10.5% 10 – 19% 19 – 27% 40 – 100% 

Follow-up during  
pregnancy

Once or 
twice in local 
hospital

Once per 
trimester in 
local hospital

Bimonthly 
in referral 
hospital

Monthly / 
bimonthly 
in expert 
center for 
pregnancy 
and cardiac 
disease

Monthly 
in expert 
center for 
pregnancy 
and cardiac 
disease

mWHO, modified World Health Organization Classification

What have we learned in order to improve risk assessment?
This thesis adds to the increasing evidence that pregnant women with (sub)clinical 

RV dysfunction are at higher risk for less favorable pregnancy outcome. As proposed 

in a new follow-up algorithm (Figure 1), echocardiographic evaluation of RV function 

during preconception visit is recommended for adequate risk assessment and 

appropriate counseling. Women with pre-existing (sub)clinical RV dysfunction are at 

increased risk to develop inadequate uteroplacental perfusion, which is related to 

an increased risk of obstetric and neonatal complications.3,4 We demonstrated, in 

chapter 4, that women with CHD at increased risk of these pregnancy complications 

can already be identified in the first trimester, which allows for closer surveillance. 

Therefore regardless of the follow up based on mWHO risk classification (intended to 

identify increased risk of maternal complications), in women with Tricuspid Annular 

Plain Systolic Excursion (TAPSE) < 20mm before pregnancy, uteroplacental Doppler 

flow (UDF) measurement in first trimester could be measured to identify pregnancies 
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with increased risk of obstetric and neonatal complications. This TAPSE cut-off value 

for RV dysfunction is chosen because, though the official cut-off for abnormality is 

17mm5, in younger patients the TAPSE is expected to be higher, which is even more 

true for many CHD patients who have volume overload of the RV and for pregnant 

women who need to cope with the (additional) volume load of pregnancy. Besides the 

advised evaluation of RV function before pregnancy, actual follow-up of RV function 

during pregnancy is also deemed important, since pregnancy can be associated 

with persisting structural cardiac remodeling and deterioration in valvular and 

ventricular function6-11, as also described in chapter 3 and chapter 9. Considering 

the limitations of echocardiography for adequate evaluation of RV function, it could 

be considered to introduce CMR without gadolinium as a routine tool for maternal 

RV function assessment, since this is considered to be a safe imaging modality in 

pregnancy for both the mother and fetus.1,12,13 Furthermore, evaluation of hepatic and 

renal venous flow might be useful and easy to perform in order to identify women 

with signs of venous congestion due to impaired RV function (chapter 6). However, 

it is important to mention that this is only based on the results of our pilot study and 

further investigation of the clinical relevance of these measurements is needed.

The question remains why are women with impaired RV function at higher risk for 

adverse pregnancy outcome? This thesis adds valuable insights in the possible 

underlying pathophysiologic mechanisms linking the heart and the placenta, 

which is also important for strategy development. As described in chapter 2-5, we 

consistently found that reduced RV function parameters are associated with impaired 

uteroplacental circulation parameters. Impaired RV function can affect placental 

function through venous congestion (“backward failure”) or via reduced cardiac output 

through LV-RV interaction (“forward failure”). Reduced maternal perfusion towards the 

placenta and venous congestion could both lead to damage of the placental villi14-18, 

as described in chapter 7. Due to these changes, the increased demands of the 

placenta and growing fetus may not be met which could lead to placental dysfunction 

and thus adverse pregnancy outcome.8,19

Besides impaired hemodynamics affecting the placenta (extrinsic defects), this thesis 

also describes another hypothesis, namely that the placenta develops as a completely 

new organ and that in women with heart disease, the development of the placenta 

could also primarily be impaired (intrinsic defects). For normal placental function, a 

high-flow and low-pressure circulation is needed for which vascular remodeling of the 
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uteroplacental circulation is required. As also discussed in chapter 7, remodeling of 

the uteroplacental vessels could primarily be impaired due to various cardiovascular 

factors, such as reduced maternal perfusion, venous congestion, pre-existing 

hypertension and chronic hypoxia.20-25 The pathophysiology of placental dysfunction 

in pregnant women with heart disease may thus be multifactorial therefore frequent 

follow-up of cardiac and placental function during these pregnancies may be advisable.

Besides the proposed echocardiographic/CMR evaluation and uteroplacental 

Doppler flow measurements for identification of pregnancies with increased risk 

(Figure 1), also early blood measurements including natriuretic peptides could be of 

additional value. Previous studies on B-type natriuretic peptide (BNP) and NT-proBNP 

during pregnancy in women with heart disease, found that higher levels of these 

natriuretic peptides were associated with a higher risk of CV complications later on 

during pregnancy.26,27 We demonstrated, in chapter 8, that increased first trimester 

NT-proBNP levels (> 235 pg/mL) are associated with adverse CV complications, 

particularly arrhythmias, and also with a decline in RV function later on during 

pregnancy. In line with the previous studies, the negative predictive value was high 

and therefore low first trimester NT-proBNP levels seem to indicate that these women 

have a good chance to be able to accommodate to the hemodynamic changes of 

pregnancy and to complete their pregnancy without CV complications. Hence, early 

NT-proBNP evaluation can be useful in risk estimation, thereby allowing appropriate 

follow-up visits to be determined early on during pregnancy (Figure 1). Further studies 

extending to the post-partum period are needed to determine whether the decline 

in RV function predicted by high NT-proBNP levels is only confined to pregnancy or 

persists thereafter, in order to elucidate the additional prognostic value.
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Figure 1. Proposed follow-up algorithm with additional measurements and consequences 
for pregnant women with congenital heart disease. *According to the modified WHO risk 
classification. CMR; cardiovascular magnetic resonance imaging, NT-proBNP; N-terminal pro-B-
type natriuretic peptide, RVF; right ventricular function, TAPSE; tricuspid annular plane systolic 
excursion, TTE; transthoracic echocardiogram.

What further studies should focus on to improve risk 
assessment and pregnancy outcome?
To improve identification of higher risk pregnancies, the role of biomarkers for CV 

complications but also for placental dysfunction deserves further investigation. The 

predictive role of NT-proBNP measured before pregnancy in predicting CV complications 

during pregnancy is worth studying and could be helpful in preconception counseling. 

Biomarkers for placental dysfunction, such as placental growth factor (PIGF) and 

soluble fms like tyrosine kinase-1 (sFlt-1, a circulating antiangiogenic protein) studied in 

preeclampsia28,29, may also give information of placental function in pregnant women 

with CHD. Furthermore, histological examination of placental tissue combined with 

extensive uteroplacental circulation measurements may provide more information 

about the effects of various cardiovascular factors on the placenta. Lastly, to gain 
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more knowledge about the role of RV function in relation to the placenta, it would 

be interesting to have CMR data at the same time as the uteroplacental circulation 

measurements for extensive evaluation of RV function during pregnancy. 4D flow 

CMR measurements (allowing real time blood flow measurements during CMR) could 

give us insight in venous blood flow and its relation with RV function during pregnancy 

using one modality. This would give insight in the relationship between reduced RV 

function, venous congestion and placental (dys)function, thus giving foundation to the 

understanding of causal mechanisms. With this improvement in knowledge, in the 

future, more individually targeted follow-up can be provided in addition to the current 

follow-up based on mWHO risk classification.

No trials investigating treatment strategies improving hemodynamics and/or 

improving placentation in women with CHD are available and therefore therapeutic 

options to date are limited. As mentioned in chapter 7, we believe the following 

therapeutic strategies are worth investigating. Increased central venous pressure 

and subsequent venous congestion seem to be an important determinant in 

impaired placental function in women with CHD. To reduce venous congestion, it 

would be worth studying the therapeutic use of diuretics on placental circulation. 

To date, the use of diuretic drugs during pregnancy remains controversial30, but a 

preliminary study using furosemide in patients with preeclampsia and high cardiac 

output showed promising results with reduction in blood volume and blood pressure 

and had no adverse maternal or neonatal events.31 The use of acetylsalicylic acid, or 

aspirin, has been postulated to improve placentation and endothelial dysfunction.32 

Recently it has been shown that early administration of low-dose aspirin in women at 

high risk for preterm preeclampsia resulted in a remarkably lower incidence of early 

preeclampsia.33 This may widen the window of treatment opportunities for pregnant 

women with CHD and placental insufficiency. A role for magnesium has been reported 

in the control of blood pressure and induced vasorelaxation activity in both the arterial 

and venous compartment.34,35 It may therefore be useful in reducing venous pressure. 

Ongoing studies on magnesiumsulphate in women with preeclampsia might provide 

us more insights in the possible effect of magnesiumsulphate on placental function. 

Before these treatment options for improvement of placental function in women with 

CHD can be introduced into clinical practice, more experimental and clinical research 

is required to better understand the complex cardiac-placental interaction during 

pregnancy.
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