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considered in pregnant women with chest pain and an electrocardiogram and 
cardiac biomarker test should be performed. 

Furthermore, we learned that we should monitor women with heart disease 
closely, especially women with cardiomyopathy and women with a heart valve 
prosthesis (PHV), which we discussed in more detail in chapter 7. We raised 
awareness that the post-partum period is a vulnerable period for maternal 
cardiac death (55% of all maternal deaths): it is not over until it is over. And, last 
but not least, chapter 2 taught that it is not over when it is over: autopsy should 
be performed in women who die from unexplained causes during pregnancy or 
in the post-partum period.

In chapter 3-6 we dove deeper in to the 3rd most common cause for maternal death: 
IHD, to evaluate not only maternal mortality, but also maternal and foetal morbidity. 

First, in chapter 3 and 4, we discussed new onset IHD, including acute myocardial 
infarction, during pregnancy or in the post-partum period. In chapter 3 we 
describe our retrospective cohort study leading to the case presentation of 2 
pregnancies in women with new onset IHD during pregnancy. More important, 
we systematically reviewed the overall (1975-2013) and contemporary (2005-
2013) literature concerning IHD presenting during pregnancy or postpartum 
period, resulting in the evaluation of 146 pregnancies, including 57 contemporary 
cases (2005-2013). In chapter 4 we present another 2 cases of women presenting 
with IHD during pregnancy. We concluded, mainly from the data observed in the 
systematic review, that most women with new onset IHD present with chest pain 
(95%), during the third trimester or postpartum period (71%). The main causes 
for IHD during pregnancy are coronary dissection (35%) and, in more recent 
cases, thrombus and embolism (35%). Risk factors for IHD were usually present 
and often potentially modifiable (smoking), but may be absent in women with 
IHD caused by coronary artery dissection. IHD manifesting during pregnancy or 
the post-partum period has a high maternal complication rate: mortality occurs 
in 8% (6% in contemporary cases). Furthermore, we found an increased perinatal 
mortality (4%) and premature birth rate (56%) in women with IHD, which was 
related to high Caesarean section rate (performed in 57%). 

In chapter 5 and 6 we additionally describe pregnancies in women with pre-
existent IHD, which we evaluated by a retrospective international multicentre 
cohort study of 50 pregnancies (chapter 5) and a systematic review of 124 
pregnancies in women with pre-existing IHD (chapter 6) The systematic review 
included 2 larger studies (including the study presented in chapter 5), case series 
and case reports. We found that these pregnancies are high risk pregnancies with 
a 1 out of 4 chance of ischemic cardiovascular complications including maternal 
mortality in 2%. Overall, these women only had a 21% chance of going through 
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an uncomplicated pregnancy (completed pregnancy without cardiovascular, 
obstetric or foetal/neonatal complications, n=26). Women with atherosclerosis 
as underlying pathology appeared at highest risk for ischemic complications. . 
Obstetric pregnancy complications occurred in 58% of the pregnancies, foetal/
neonatal complications in 42%.

In chapter 7 we discussed pregnancy in women with PHV We already concluded 
based on chapter 2 that these women should be under tight medical supervision. 
In chapter 7 we evaluated these pregnancies in more detail, by performing a 
retrospective multicentre cohort study evaluating pregnancy outcomes in 
an existing cohort of patients with PHV. We included 52 women who had 102 
pregnancies of which 78 pregnancies (46 women) ≥20 weeks duration (59 
biological, 19 mechanical PHV). We concluded that these women have a high 
incidence of cardiovascular, obstetric and foetal/neonatal complications 
during pregnancy or the post-partum period (overall complication rate 17%). 
We found a much higher incidence of complications in pregnancies in women 
with mechanical PHV, compared to biological PHV including cardiovascular 
complications (12% vs 32%, p<.05), obstetric complications (59% vs 85%, p=.02) 
and foetal/neonatal complications (34% vs 61%, p<.05). These differences were 
mainly related to the higher occurrence of PHV thrombosis (16% in women 
with a mechanical PHV) and bleeding complications (50% of the women with 
mechanical PHV had post-partum haemorrhage). Furthermore, we found that 
women with pulmonary mechanical PHV appeared especially at high risk 
during pregnancy. PHV thrombosis often occurred during periods of inadequate 
monitoring of anticoagulation or necessary interruption of anticoagulation and 
therefore may be often potentially preventable. The choice for a biological PHV 
(with higher re-operation rate) in these young women is therefore not indisputable. 

Chapter 7 also contributed to the current search for the right anticoagulation 
regimes during pregnancy in women with mechanical PHV. We added a 
significant amount of pregnancies with a combined vitamin K and low molecular 
weight heparin anticoagulation regime (n=8, 42% of the pregnancies in this 
study) to current literature, and describe related complications. To add to our 
conclusions in chapter 2, we suggested that an important part of the tight medical 
supervision of these women it the meticulous monitoring of anticoagulation in 
pregnant women that is necessary. 

In chapter 8 we discussed the use and safety of the new Direct Oral Anticoagulants 
(DOACs) during pregnancy in We performed a systematic review of the current 
literature describing 236 cases of DOAC use during pregnancy. In 140 cases 
sufficient pregnancy outcome data were reported. This chapter taught that 
the safety and efficacy of the use of DOACs during pregnancy is not supported 
by current literature; foetal and neonatal abnormalities were reported in 8 
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pregnancies, of which at least half were suspected to be related to rivaroxaban use 
during the 1st trimester of pregnancy. Therefore the limited available evidence 
raises concern regarding embryo-foetal safety and we therefore concluded that 
the current limited evidence justifies avoidance of DOACs in pregnant women. 

In the final chapter, chapter 9 we discussed a serious condition, pulmonary 
hypertension (PH), by performing a systematic review of the literature on the use 
of targeted treatments for pulmonary arterial hypertension during pregnancy. 
While pregnancy is regarded as highly lethal in women with PH, only 1 death due 
to PH was described in chapter 2, which is likely the result of a very low prevalence 
of PH in the pregnant population because of current guidelines advising against 
pregnancy in women with PH.1 In Chapter 9 we found that PH in pregnant women 
is still associated with high mortality and morbidity (both 16%) despite significant 
improvement of prognosis related to new targeted treatment options in the 
last decades. Therefore, we should continue to advise women with pulmonary 
hypertension against pregnancy. However, when women with PH are pregnant 
and choose to continue their pregnancy, management by a multidisciplinary 
team in an expert centre is mandatory and early institution of targeted PH 
therapy and early planned delivery may contribute to improved outcome.

WHAT WE SHOULD LEARN: RECOMMENDATIONS FOR FUTURE 
RESEARCH 

Medicine is not gender-neutral, and recognition is key
Currently, gender sensitive medicine has gained increasing attention, both in 
medical science and in the popular media in the Netherlands. As observed in 
this thesis, pregnancy can influence cardiovascular disease development and 
cardiovascular diseases (and anticoagulation therapy for cardiovascular diseases) 
can influence pregnancy outcome. We should take opportunity of the current 
interest in gender sensitive medicine to raise awareness of the occurrence of 
cardiovascular diseases during pregnancy and their high mortality risk. This 
should not only be taught to cardiologists, but to all medical professionals taking 
care of pregnant women including obstetricians, general practitioners, midwives 
and emergency medicine physicians. As an emergency medicine specialist, I am 
glad to see that current emergency medicine literature acknowledges the role 
of pregnancy in severe medical conditions, including cardiovascular diseases 
such as aortic and coronary dissections.2-4 Current literature mainly focuses on 
the occurrence and treatment of these conditions, but more attention should be 
payed to the recognition of these diseases during pregnancy. As in emergency 
medicine, all starts with clinical recognition.5 6
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Furthermore, as scientists we are obliged to present and incorporate our 
gained knowledge not only in medical journals and conferences but also 
in practical training of other doctors. Gender sensitive medicine including 
the role of pregnancy and hormones on cardiovascular diseases should be a 
part of the general training of medical students, cardiologists, gynaecologists, 
general practitioners and emergency medicine specialists. Also, to my opinion, 
knowledge about how to improve resuscitation of pregnant women is essential 
for improving their outcomes and the outcome of their unborn babies, and 
should be an element of the medical training of any attendant in the primary or 
emergency care of pregnant women.7 When emphasizing perimortem Caesarean 
section in the resuscitation of pregnant women in cardiac arrest, an important 
role for the emergency medicine physician, as a resuscitationist who is both 
cardiovascular as well as surgically trained, should be stated. 

How to treat (pregnancy related) SCAD
As described in chapter 2-6, IHD contributes highly to maternal mortality and 
morbidity during pregnancy and the post-partum period, and is frequently 
caused by spontaneous coronary artery dissection (SCAD). The best treatment of 
SCAD is still debated. Whereas percutaneous coronary intervention is associated 
with low success rate and high likelihood of complications, coronary artery 
bypass surgery is often required even for single vessel SCAD. Recurrent ischemic 
events because of persistent or new spontaneous coronary artery dissection are 
common, also in the context of pregnancy, as observed in chapter 5 and 6.4 8 
Future research should focus on evaluating the best treatment for (pregnancy 
related) SCAD.

How to effectively and safely anticoagulate pregnant women 
Current guidelines advise an individualized approach to anticoagulation in 
pregnant women with mechanical PHV. A VKA-LMWH combined regimen is 
recommended in current American and European guidelines1 9 10 despite the fact 
that the number of pregnancies described with this regimen is limited (N=60).11-

13 While our study added a significant number of cases with this regimen, more 
evidence is needed. This is even more important because a LMWH-only regimen is 
not the answer; a recent prospective population-based study from the UK reported 
a high incidence of maternal and foetal/neonatal complications, including 9% 
maternal mortality and PHV thrombosis in another 16% of the pregnancies in 
women who were largely anticoagulated with LMWH throughout pregnancy.13

Furthermore we should learn how to dose LMWH therapy, and how to monitor 
dosing. When LMWH is used during pregnancy, the dose usually needs to be 
increased due to an increased glomerular filtration rate and renal clearance 
of LMWH. Therefore, current guidelines recommend that LMWH should only 
be used in women with mechanical PHV when administrated twice daily and 
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when close monitoring of anti-Xa levels is performed.1 9 14-17 The optimal range 
of anti-Xa levels, whether to measure peak or through levels and interval of 
measurements is still debated.1 13 14 16 Current European guidelines recommend 
maintaining peak anti-Xa-levels between 0.8 and 1.2 U/ml, but higher target 
levels (possibly 1.0-1.2 U/ml) may be necessary. 1 13 No evidence-based advice 
regarding the frequency of anti-Xa monitoring exists, but experts recommend 
weekly anti-Xa controls.1 13 Additionally, the data from a recent study suggest 
that a higher starting LMWH dose than the usual weight-base recommended 
dose may be advisable in these pregnant women.13 Further research should 
evaluate whether a 2 times dosing regime is the right way to dose, or if the 
dosing frequency should be 3 times daily at least in some patients. 

As we recommended in this thesis, DOACs should currently not be used during 
pregnancy. However, evidence was scarce, and firm conclusions could not be 
made. We therefore need more high quality studies regarding the use of DOACs 
during pregnancy. 
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