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PREGNANCY, CARDIOVASCULAR DISEASE, AND WHY IT MATTERS 

Nowadays cardiovascular diseases are the leading cause of indirect maternal 
mortality in European countries, including the Netherlands.1-4 Moreover, from 
1993-2005 a rise of the indirect maternal death including cardiovascular deaths 
was observed in the Netherlands, as well as a rise of direct maternal mortality 
including (unexplained) sudden deaths (of possible cardiovascular origin).2

In addition, cardiovascular diseases are also accountable for significant and 
sometimes severe maternal as well as foetal morbidity.5-7 In the future, the 
incidence of cardiovascular diseases during pregnancy is expected to increase 
worldwide. This is due to increasing maternal age and deteriorating lifestyle 
choices leading to a higher incidence of obesity and diabetes mellitus, and 
therefore a higher incidence of risk factors for cardiovascular disease.8 However, 
studies providing high quality data regarding complication risk and management 
of (new onset) severe cardiovascular diseases during pregnancy, including their 
maternal and foetal risks and thereby possible prevention of maternal and foetal 
mortality, is scarce.9 

WHY IS PREGNANCY A RISK FOR WOMEN WITH KNOWN 
CARDIOVASCULAR DISEASE?

During pregnancy and the post-partum period cardiovascular and hemodynamic 
changes occur including an expansion of blood volume, lowering of systemic 
vascular resistance and blood pressure (due to the expansion of the low-
resistance utero-placental vascular bed as with increased blood flow) and 
an increase in cardiac output (accomplished by increased stroke volume and 
increased heart rate).10-14 Another physiological adaptation to pregnancy is the 
change of several coagulation factors resulting in a 20 percent reduction of 
prothrombin and partial thromboplastin times, called the hypercoagulable state.15 

In women with known cardiovascular disease, the cardiovascular and he-
modynamic changes occurring during pregnancy can precipitate severe 
complications, such as heart failure and, as stated, even death. While the majority 
of pregnant women with heart disease have congenital heart disease, severe 
morbidity and mortality rates are relatively low in these patients. Exceptions 
are women with uncorrected cyanotic disease, Eisenmenger syndrome, aortic 
diseases, severe outflow tract obstruction, failure of the systemic ventricle, 
and women with prosthetic valves. In pregnant women with prosthetic valves 
anticoagulation therapy is challenging because the hypercoagulative state of 
pregnancy increases the risk of thrombo-embolic complications. Furthermore, 
there is the risk of foetal malformations associated with the use of vitamin K 
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antgonists.9 16 Women with pulmonary hypertension are currently advised 
against pregnancy, however, because treatment regimen in these women have 
been improving in recent years, pregnancy risk needs revaluation.9 And while 
women with other cardiovascular disease, such as ischemic heart disease, heart 
valve disease or cardiomyopathy, will consider pregnancy, pregnancy risk for 
these women as well as their offspring is not well defined.9

NEW ONSET CARDIOVASCULAR DISEASES DURING PREGNANCY AND 
THEIR DIAGNOSIS

In previously healthy women, the cardiovascular and hemodynamic challenges 
of pregnancy and changes in coagulation can induce the first manifestation of 
cardiovascular disease, including ischemic heart disease, aortic dissection and 
(peripartum) cardiomyopathy. Recognition of these cardiovascular diseases can 
be difficult in pregnant women. One of the reasons is similarity of the symptoms 
with normal pregnancy discomforts, such as chest pain due to reflux disease 
or normal pregnancy oedema and dyspnoea due to the pressure of the gravid 
uterus on the lungs and vena cava. Also, because cardiovascular disease in 
young women is scarce and obstetricians often are relatively unfamiliar with 
cardiovascular diseases in pregnancy, physicians may easily miss these 
diagnoses. Furthermore, diagnostic testing can be challenging, for example 
because of pregnancy-associated physiological supra-normal d-dimer levels and 
because of relative contra-indication and therefore reluctance for CT scanning 
during pregnancy.17 18 Even simple diagnostic tools such as an electrocardiogram 
can pose interpretation problems during pregnancy. For example, ST-segment 
changes can occur during pregnancy due to the haemodynamic changes and 
positional changes of the heart caused by uterine growth.19

TREATMENT OF CARDIOVASCULAR DISEASES DURING PREGNANCY

Certain drugs which are normally used in several cardiovascular diseases are 
contraindicated during pregnancy, such as angiotensin converting enzyme 
inhibitors, angiotensin II receptor blockers, amiodarone and spironolactone.20 

Antithrombotic therapy with acetylsalicylic acid is safe during pregnancy. The 
use of clopidogrel appears to be safe in animal models, but is discouraged 
because of limited experience in humans.20 Direct oral anticoagulants (DOACs), 
while increasingly used, have still unknown efficacy and safety during due to 
exclusion of pregnant women in DOAC study protocols.21 22 Vitamin K antagonists 
are associated with increased risk of pregnancy loss and with embryopathy, 
especially at higher dosages.20 23 Anticoagulation with unfractionated or low-
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molecular weight heparin appears to be associated with increased risk of PHV 
thrombosis, even when monitoring of anticoagulation effect and dose adjusting 
is performed according to guidelines.24-27 

Lastly, there is still a difficulty in the choice of type of PHV as surgical treatment 
for heart valve disease in young women. This is both due to the issues mentioned 
regarding to anticoagulation management as well as issues regarding heart 
valve deterioration before and during pregnancy.28 29

THE AIM OF THIS THESIS

In this thesis we aim to evaluate the specific cardiovascular causes of maternal 
death and identify factors related to the cardiovascular maternal mortality in the 
Netherlands (Chapter 2). We further specify the pregnancy risk for mother and 
foetus in specific severe cardiovascular diseases with high maternal mortality 
including new onset and pre-existing ischemic heart disease (Chapter 3-6), 
valvular heart disease with PHV (Chapter 7) and pulmonary hypertension (Chapter 
9). We will discuss treatment with anticoagulation medication during pregnancy 
in women with PHV and in women using DOACs during pregnancy (Chapter 7 
and 8). Overall, we search for possibilities for improvement of pregnancy care 
in these women and provide recommendations in an attempt to contribute to 
a reduction of the increasing cardiovascular maternal mortality and morbidity.
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