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WHO IS (NOT) AT RISK?

Ideally, medical care should be focused on, organised around and guided by individual patients’ 

risks for having or developing a certain health outcome. Consequently tests, (preventive) 

interventions and treatment would only be given to patients who need it. This way, besides saving 

costs, individuals unlikely to benefit would be spared the potential burden of unnecessary tests 

and therapy. Prognostic and diagnostic tests are based on the principle that timely prognosis or 

diagnosis allows for more effective management and thereby improves clinical outcomes. 

Risk factors, risk indicators or prognostic ‘tests’ in obstetrics can be based on particular 

characteristics of a woman (such as ethnicity, weight or smoking), (obstetric) history, or 

additional (e.g. ultrasound or laboratory) investigations. Combining individual factors in a risk 

prediction model is thought to improve the identification of women who are at high or low risk 

over individual factors, as each factor adds prognostic information to the other(s).1;2

Prediction models estimate a ‘personal’ risk for each individual. In some situations it can be 

particularly useful to identify women with an increased risk (or probability) of a certain outcome 

(e.g. women with a high probability of successful vaginal delivery after a previous caesarean 

section who can be selected for a trial of labour). In other situations, alternative management 

may only be indicated for a low-risk group that may not need treatment or may not benefit from 

an intervention (e.g. women with a previous preterm birth but a low risk of a recurrent preterm 

birth who may not need a cerclage).3

This thesis firstly encompasses prognostic models in the whole field of obstetrics and then 

specifically focuses on tests and models for the prediction of pre-eclampsia and preterm birth. 

Pre-eclampsia

Pre-eclampsia is a multisystem disorder of pregnancy, defined as the presence of new-onset 

gestational hypertension (high blood pressure) and substantial proteinuria (excretion of protein 

in the urine).4 It occurs in 2-7% of pregnancies of otherwise ‘healthy’ nulliparous women and 

is an important cause of short-term and long-term maternal and perinatal morbidity and 

mortality. The obstetric management of women with pre-eclampsia is complicated by the fact 

that once symptoms occur, the only definitive treatment of the underlying disorder is delivery, 

often preterm. Expectant management of preterm pre-eclampsia focuses on safely prolonging 

pregnancy through intensive monitoring, such that maternal and fetal complications can be 

prevented.5;6 Thereby it is a constant balancing of maternal risks that include placental abruption 

(1-4%), HELLP (haemolysis, elevated liver enzymes, low platelets) syndrome (10-20%), acute 

renal failure (1-5%), eclampsia (<1%) and maternal death (rare) and fetal risks dominated by 

iatrogenic preterm birth (15-67%), either to prevent maternal complications or because of the 

concurrent presence of fetal growth restriction (10-25%). In the long term, both mother and 

child have an increased risk of cardiovascular morbidity after pre-eclampsia.5-10
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Although the exact mechanisms are not well understood, it is generally accepted that the 

pathogenesis of pre-eclampsia, especially that of early onset, begins at the time of initial 

development of the placenta during the late first and early second trimesters of pregnancy.6 

A deficiency in this process is associated with fetal growth restriction and the development of 

pre-eclampsia. Impaired trophoblast invasion and remodelling of the myometrial spiral arteries 

leads to inadequate placentation and subsequent hypoxia, which is thought to be followed by 

an increased release of various components from the intervillous space of the placenta into the 

maternal circulation.11 Consequently, in response to these components, exaggerated maternal 

endothelial activation, endothelial dysfunction and a generalized hyper-inflammatory state 

ultimately result in the clinical syndrome of pre-eclampsia.6;12;13

Doppler ultrasound can be used to assess blood flow velocity in the maternal uterine arteries 

to get an impression of the blood flow and resistance in the total uteroplacental circulation, 

and thereby of the process of placentation. The obtained Doppler profile consists of a series of 

waveforms. In case of impaired placentation, an abnormal Doppler profile with low end-diastolic 

flow, increased pulsatility index or resistance index (two measures of overall vascular resistance), 

and unilateral or bilateral notching (of the profile of the left or right uterine artery, or both, 

respectively), can be seen.14;15  

Abnormal concentrations of circulating proteins produced and released by the placenta in case 

of impaired placentation (soluble fms-like tyrosine kinase-1, sFLT1) and the proteins that are 

targeted by sFLT1 whereby their actions are blocked (placental growth factor, PlGF, and vascular 

endothelial growth factor, VEGF) precede clinical pre-eclampsia.16-19 

Consequently, uterine artery Doppler ultrasound and circulating protein levels, alone or in 

combination with each other, details of the woman’s history (nulliparity, previous pre-eclampsia 

or a family history of pre-eclampsia) and anthropometric measures that are associated with 

pre-eclampsia (blood pressure, body mass index) have been proposed and used to predict pre-

eclampsia. Accurate prediction of pre-eclampsia in early pregnancy should improve maternal 

and perinatal outcomes as well as focus, resource use and efficacy of antenatal care. Low-dose 

aspirin or antiplatelet agents can prevent 10-17% of cases of pre-eclampsia and would probably 

be more beneficial when they are already started in the first trimester of pregnancy.20-22

Preterm birth

Worldwide, one in ten neonates was born preterm (before 37 weeks of gestation) in 2010.23 One 

quarter of neonatal deaths are directly caused by preterm birth and many others are due to the 

consequences of preterm birth, in particular infection, in total accounting for 75% of perinatal 

mortality.24;25 In addition, preterm births are responsible for more than 50% of long-term 

morbidity in infants. In high-income countries the majority of preterm births (65-70%) occurs 

spontaneously and is preceded by either spontaneous preterm labour or preterm premature 
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rupture of the membranes. A further 30-35% is indicated for maternal or fetal conditions, such 

as hypertensive disorders or fetal growth restriction.24;26

The pathogenesis of preterm birth is not fully understood and is presumably multifactorial, 

with pathways including uterine overdistention (multiple pregnancy, polyhydramnios), infection 

(intrauterine, of the lower genitourinary tract, or systemic), stress and decidual haemorrhage 

(in extreme form: placental abruption).26 The multifactorial origin makes it difficult to predict 

preterm birth in early pregnancy, when women are without symptoms or signs of (impending) 

preterm labour or delivery, although many risk factors have been identified.24 

Cervical length measured by transvaginal ultrasound is thought to be an important factor to 

estimate, or differentiate, the risk of preterm birth that increases exponentially with decreasing 

cervical length.27;28 Transvaginal ultrasound measurement of cervical length is well-accepted by 

more than 99% of women, pain is felt in less than 2% of the cases, it is not associated with 

an increased rate of infection and when strict adherence to an adequate technique occurs it is 

highly reproducible (inter- en intra-observer variation less than 10%).28,29

The advantages of accurate prediction of preterm birth in early pregnancy include the selection of 

high-risk women who may benefit from preventive interventions (such as progestagens, pessary 

or cerclage)30-32 or can participate in trials evaluating or fine-tuning (new) interventions, and the 

possibilities of timely organisation of care (antenatal corticosteroids, intra-uterine transfer to 

centres with neonatal intensive care facilities). On the other hand, for some women who are 

believed to be at increased risk for preterm birth, such as women with a history of preterm birth 

(in whom absolute risks of recurrent preterm birth are estimated to be 23-27% for preterm birth 

before 37 weeks, compared with 8% for all pregnancies overall in the Netherlands)33-36 accurate 

predictions of (very) low-risk may allow for treatment to be safely withheld. 

BACKGROUND

Over the years many prediction models have been developed and published in various areas 

of medicine.37 In the fields of diabetes, chronic kidney disease, cancer and cardiovascular 

disease, systematic reviews have shown that despite the large number of models the overall 

(methodological) quality is questionable or unclear (partly caused by poor reporting). Moreover, 

many prediction models have not been externally validated and impact studies are lacking.38-43 In 

the field of obstetrics we recognized these efforts to develop models, but there was no present 

overview of prediction models and it was unclear whether existing models had been thoroughly 

investigated up to the stage of assessing their impact on clinical practice. We wanted to give a 

comprehensive overview of available obstetrical prediction models for potential use.

One of the available prediction models in obstetrics is the ‘fullPIERS model’ that was developed 

to predict adverse maternal outcomes in women admitted with pre-eclampsia.44 In these women 

delivery will be aimed for when the risk of adverse outcomes is very high, as the fullPIERS model 
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could accurately estimate. Women with lower risks in whom immediate delivery is not indicated, 

and especially those with preterm pre-eclampsia, will be admitted for ‘watchful waiting’ and will 

undergo repeated assessments to monitor disease status and patient safety. For these women 

we investigated if changes in risk, estimated by the fullPIERS model from the first to the second 

assessment in the first 48 hours of admission, could predict adverse outcomes occurring within 

2-7 days.

For the prediction of pre-eclampsia itself as a complication of pregnancy, many studies have 

investigated uterine artery Doppler ultrasound based on the potential to measure signs of 

impaired placentation. However, most Doppler indices in isolation have low sensitivity (around 

25%) and notching is a poor predictor of pre-eclampsia with low reproducibility and large overlap 

(up to 45%) with normal physiology.45;46 It was unclear whether Doppler ultrasound findings, 

when combined with readily available patient characteristics such as blood pressure and body 

mass index, would be of added value and could improve prognostic accuracy. Individual studies 

had shown widely varying estimates of discrimination, sensitivity and specificity and there was 

no meta-analysis on this topic.47;48 A conventional meta-analysis would only be able to investigate 

a single test for prognostic accuracy and not a multivariable prognostic model;49;50 therefore we 

decided to perform an individual patient data (IPD) meta-analysis. 

Apart from ultrasound, biomarkers (here used to indicate proteins in the blood) have been 

proposed for identification of women at increased risk of developing pre-eclampsia. Sometimes 

funded by the industry that produces platforms to measure biomarkers in maternal blood, many 

studies have reported promising results for discrimination based on (combinations of) these four 

biomarkers: placental growth factor (PlGF), vascular endothelial growth factor (VEGF), soluble 

fms-like tyrosine kinase-1 (sFLT1) and soluble endoglin (sENG). As there was no current synthesis 

of the findings of studies on accuracy of these four markers in the prediction of pre-eclampsia, 

we performed a systematic review and meta-analysis. 

The role of the aforementioned four biomarkers in the pathogenesis of pre-eclampsia has been 

extensively investigated and has given new insights in this process, in which the placenta has a 

key role. FLT1 and ENG have been discovered using gene expression array analysis that found 

differential expression for these genes between placental tissues from normotensive and pre-

eclamptic pregnancies.17;51 Subsequently, it became clear how these genes (and the proteins 

sFLT1 and sENG) contributed to the pathogenesis of pre-eclampsia and that they could also serve 

as a biomarker in early pregnancy for identification of women who will develop pre-eclampsia, 

before any clinical symptoms become apparent. Also in this area, many studies with the aim 

to identify placenta-specific gene expression patterns in pre-eclampsia had been published, 

but no clear pre-eclampsia-specific gene expression consensus signature (a list of differentially 

expressed genes) had been defined. We wanted to determine a common expression signature, 

or ‘meta-signature’, for pre-eclampsia in order to identify novel putative diagnostic or prognostic 

leads.
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As mentioned before, the ability to accurately predict who is at high risk for preterm birth 

would have great potential for (preventive) treatment and organization of care. Fetuses that 

have a crown-rump length that is shorter than would be expected based on the gestational age 

calculated from the last menstrual period are reported to have a shorter duration of pregnancy52 

and an increased risk for preterm birth.53;54 However, the studies concerned did not distinguish 

between spontaneous preterm births and indicated preterm births. We assessed whether the 

reported associations are likely to be explained by indicated preterm births (e.g. indicated for 

growth restriction, in fetuses that may be already small or growth restricted in the first trimester) 

or whether they remain valid in cases of spontaneous preterm births only. 

Women with a prior spontaneous preterm birth are considered to be at high risk for recurrent 

preterm birth and guidelines advise (preventive) interventions, such as progestagens or a 

cerclage, for these women.55-57 We performed a pooled analysis of individual patient data from 

previously published studies to investigate if a subgroup at low-risk for recurrent preterm birth, 

that may not need an intervention, could be identified.

OUTLINE

PART 1 encompasses the area of prognostic models in obstetrics.

Chapter 2 presents a systematic review that results in an extensive overview of available 

prediction models in obstetrics and their characteristics, external validity and clinical applicability. 

Chapter 3 describes the use of the existing ‘fullPIERS model’ to predict adverse maternal 

outcomes in the first 2-7 days of admission in women with pre-eclampsia, based on changes in 

risk over time estimated by this model.

PART 2 covers work within the field of pre-eclampsia.

Chapter 4 describes an individual patient data meta-analysis to investigate the added value 

of second trimester uterine artery Doppler to patient characteristics in the identification of 

nulliparous women at increased risk for pre-eclampsia.

Chapter 5 presents a systematic review and meta-analysis to investigate the accuracy of 

circulating placental growth factor, vascular endothelial growth factor, soluble fms-like tyrosine 

kinase 1 and soluble endoglin in the prediction of pre-eclampsia.

Chapter 6 covers a systematic review and meta-analysis of studies that have identified 

differentially expressed genes in the pre-eclamptic placenta. A meta-signature that characterizes 

the intersection of differentially expressed genes from the original studies is determined in order 

to identify novel putative diagnostic and prognostic markers and leads for future research.

PART 3 focuses on preterm birth.
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Chapter 7 presents a case-control study to assess the association between first trimester crown-

rump length and the risk of spontaneous preterm birth before 32 weeks of gestation.

Chapter 8 describes a pooled analysis of individual patient data from seven studies to investigate 

the capacity of cervical length and obstetric history to identify asymptomatic women at low risk 

for recurrent preterm birth after a prior spontaneous preterm birth. 

Chapter 9 is a discussion of the findings presented in this thesis, with implications for clinical 

practice and recommendations for future research.

Chapter 10 is a summary of this thesis. 
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