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Chapter 9

GENERAL DISCUSSION AND CONCLUSIONS

Part I Timing of delivery in late preterm hypertensive disorders
Results in context

Obstetric studies generally evaluate short-term neonatal outcomes. However, 
the long-term consequences of obstetric management might be even more 
important. HYPITAT II was the first RCT on hypertensive disorders to conduct a 
long-term follow-up study at two time points, evaluating the effects of obstetric 
management on the offspring (chapters 2 and 3). In the 2-year follow up we 
found an increased rate in abnormal developmental outcome in the immediate 
delivery group as compared to expectant management. This finding strengthens 
previous studies reporting on the association between premature birth and an 
impaired developmental outcome.1,2 More precisely, the risk of developmental 
delay increases with decreasing gestational age at birth below 36 weeks.3 In 
addition, children in the 2- and 5- year follow up study had an increased rate 
of abnormal neurodevelopmental scores as compared to their peers from 
normotensive pregnancies in the Dutch population4. This is in line with previous 
findings that severe preeclampsia was associated with abnormal ASQ score in 
28% of the children at the age of 2 compared to 19% in the control group.5,6 The 
timing of delivery mattered. In women with severe preeclampsia, children born 
preterm more often had abnormal ASQ scores (25%) at the age of 2 than children 
born at term(14%) although this was not statistically significant.7 The effect of 
hypertensive disorders and the timing of delivery on the offspring at the age of 
5 has not been investigated before. The difference in development we found 
between the management groups at the age of 2 did not persist at the age of 
5. At 5 years of age, environmental factors may become more important and 
may mitigate any persistent effects of pregnancy or delivery. Besides, the small 
difference in gestational age at delivery between the groups (6 days) is less likely 
to result in a difference in developmental outcome 5 years after birth.8 Although 
no difference between the management groups was found, children with 
abnormal outcomes at the age of 2 are at increased risk of abnormal outcomes at 
the age of 5. This long-term follow up study is new evidence regarding the effect 
of management in hypertensive disorders on the offspring at two timepoints 
in childhood. Children born after a hypertensive disorder in pregnancy are at 
increased risk of developmental problems in early childhood. Earlier delivery 
(on average 6 days) increases the risk. Identification of these children at risk of 
developmental problems is necessary to allow for early intervention.
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The individual participant data meta-analysis in chapter 5 is currently the best 
available evidence regarding optimal timing of delivery of hypertensive disorders 
beyond 34 weeks of gestation. The currently available randomized controlled 
trails evaluated different outcomes, gestational ages, and hypertensive disorders. 
Individual results are presented in chapter 5.9-13 The pooled data resulted in a 
sample of 1724 women included in this IPD-MA. This allowed us to study rare non-
composite outcomes, harmonize inclusion and exclusion criteria and to perform 
subgroup analyses. Our findings show that immediate delivery did significantly 
decrease HELLP and eclampsia (NNT 51), but it significantly increased RDS (NNH 
58), but this depended on gestational age. This specific reduction of maternal 
morbidity has not been demonstrated before: the HYPITAT I study showed 
mainly a reduction of progression to severe disease (major part of the effect in 
the composite outcome) in the immediate delivery group.9 The HYPITAT II was 
not able to demonstrate a statistically significant reduction in severe maternal 
morbidity (including HELLP and eclampsia).10 RDS was shown to increase with 
immediate delivery in the late preterm period (34-37 weeks gestation). This 
was confirmed by the IPD-MA, but the effect depended on gestational age. 
At 35 weeks of gestation RDS was significantly increased in the immediate 
delivery group, whereas at 36 weeks and up the RDS risk was lower and did 
not significantly differ from the expectant monitoring group. At 37 weeks of 
gestation RDS risk diminished in both management groups. Recently published, 
new evidence regarding timing of delivery in women with preeclampsia was 
provided by the Phoenix trial. The results of 901 women showed that immediate 
delivery between 34 and 37 weeks of gestation significantly reduced maternal 
severe disease and complications, but it significantly increased neonatal 
admission rates.14 The authors clarified that the increase in admission was mainly 
due to prematurity without an increase in other neonatal morbidity such as 
RDS. In combination with our IPD-MA, this trial provides additional evidence 
for decision making in women with preeclampsia. The IPD-MA conducted in 
chapter 5 currently provides the best available evidence for timing of delivery 
regarding rare adverse outcomes that could influence clinical practice.

The challenge of rare outcomes
In our IPD-MA we used HELLP syndrome and eclampsia as the primary maternal 
outcome and RDS as the primary neonatal outcome. Outcome definition in 
hypertensive disorders of pregnancy is difficult. Serious adverse outcomes, which 
are important to prevent, are very rare. Surrogate and composite outcomes are 
often used, but the combination of a systolic blood pressure above 160 mmHg 
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with eclampsia/stroke, differ largely in severity and prevalence, making such 
a composite outcome both biologically and clinically hard to interpret. Which 
complications do we need to prevent, and at what cost? Is HELLP syndrome 
by itself severe enough to prevent at the cost of a preterm delivery between 34 
and 37 weeks? Is preventing the development of severe hypertension enough 
to justify delivery after 36 weeks? How important are pediatric outcomes?

For example, the HYPITAT I trial was criticized for the fact that the maternal 
composite outcome included severe hypertension (170/110 mmHg). In this study 
the composite outcome was indeed reduced by immediate delivery, but the 
effect was mainly due to the severe hypertension component. It was argued 
whether severe hypertension as a surrogate for adverse maternal morbidity 
justified delivery in ‘otherwise well women’. In the IPD-MA we were able to study 
rare solitary outcomes, not within a composite. The outcomes used were severe 
enough to prevent and easier for clinical interpretation.

Alternatively we could have included other severe complications of hypertensive 
disorders such as stroke, hepatic and renal failure, pulmonary edema and 
thromboembolic process. However, data regarding these outcomes were 
not available for IPD in all RCTs. An example of an adverse (rare) maternal 
core outcome set could be the fullPIERS outcomes including maternal death 
and adverse central nervous system outcomes, cardiorespiratory outcomes, 
hematological outcomes, hepatic outcomes, renal outcomes or placental 
abruption.14,15 Optimal outcome definition remains subject of debate.

Clinical implications
In this thesis we aimed to contribute to clinical decision making regarding 
optimal timing of delivery in hypertensive disorders of pregnancy. Current 
international guidelines vary in their recommendations. The American College 
of Obstetricians and Gynecologists (ACOG) suggests delivery at 37 weeks of 
gestation in the presence of gestational hypertension or pre-eclampsia.16 
On the other hand, National Institute for Health and Care Excellence (NICE) 
UK guidelines recommends this only for women with pre-eclampsia.17 The 
HYPITAT I trial resulted in an increase in induction of labour rates in both 
women with gestational hypertension and preeclampsia in the Netherlands, as 
recommended by the NVOG (Dutch society of obstetrics and gynaecology).18 
The IPD-MA described in this thesis was conducted to strengthen the evidence 
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on management of hypertensive disorders of pregnancy beyond 34 weeks of 
gestation and to potentially overcome heterogeneity in international guidelines.

Based on our findings we recommend immediate delivery for all hypertensive 
disorders beyond 37 weeks of gestation. It reduces adverse maternal outcomes, 
not only severe disease, also in women with gestational hypertension. Beyond 
37 weeks of gestation RDS rates are very low and not different in the two 
management groups (chapter 5). Moreover, long-term abnormal developmental 
outcomes in the offspring decrease significantly when delivered after 37 weeks 
of gestation.7

In the late preterm period, maternal outcomes favour delivery, whereas short-
term neonatal outcomes favour expectant management. RDS risk increased 
when immediately delivered at 35 weeks and declined towards term. In light of 
our findings regarding unfavorable long-term pediatric outcomes (chapters 2 
and 3) after immediate preterm delivery, clinicians should be reluctant to induce 
labor in the late preterm period. However, results of the IPD-MA showed that 
subgroups of women at increased risk of adverse maternal outcomes, such 
as women with preeclampsia, might benefit from earlier deliver. Immediate 
delivery in women with preeclampsia (with additional risk factors e.g. chest pain 
or dyspnea, low platelets, decreased oxygen saturation, progressively abnormal 
renal or liver enzymes tests) could be considered at 36 weeks, as RDS risk is 
relatively low. The results of the recently published Phoenix trial showed that in 
women with preeclampsia between 34 and 37 weeks of gestation immediate 
delivery decreases adverse maternal outcomes, whereas it increases neonatal 
admissions related to prematurity without increasing other neonatal morbidity.14 
However, long-term pediatric outcomes of the Phoenix trial should be further 
evaluated before implementing this into routine clinical practice.

Future research
Future research should focus on long-term pediatric outcomes of obstetric 
interventions in hypertensive disorders of pregnancy. In fact, long term-follow 
up of the Phoenix trial is already planned. Differences found mainly in neonatal 
outcomes between our IPD-MA, the HYPITAT II study, and the Phoenix trial 
need further clarification. We are planning a new IPD-MA including only women 
with preeclampsia from randomized controlled trials. The currently available 
individual participant data of women with preeclampsia could be extended 
with the Phoenix data to provide better evidence. Such an extended IPD-MA 
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of women with preeclampsia would allow for more detailed analyses for this 
specific group of women with more advanced disease. Outcomes could be 
compared per week of gestation to identify optimal timing of delivery for women 
with preeclampsia in the late preterm period. Also, uncertainty remains about 
the effect of immediate delivery versus expectant monitoring on fetal growth. 
Expectant management might increase fetal growth restriction and the number 
of neonates being born small for gestational age. As low birthweight (<p10) has 
long-term health consequences, this outcome of immediate versus deferred 
delivery in hypertensive disorders remains to be investigated from the obtained 
IPD. Furthermore, evidence is lacking on neurodevelopmental outcomes per 
week of gestation at delivery. This is especially the case in the late preterm/
term period, between 36 and 38 weeks of gestation. Larger trials are needed to 
establish the effect of an obstetric intervention on long-term pediatric outcomes. 
This would guide clinicians further in decision making for immediate delivery or 
expectant monitoring.

Prediction of adverse outcomes
Results in context

Although routine immediate delivery in the late preterm period is not justified, 
some women may benefit from earlier delivery. A prediction model could aid 
clinicians in predicting who is at high risk of adverse outcomes, to allow for early 
intervention. The model we developed in chapter 4 seems accurate and easy 
to use with clinical parameters: maternal age, gestational age at onset, systolic 
blood pressure, the presence of chronic hypertension, platelet count, creatinine 
and  lactate dehydrogenase. The model could be used in all hypertensive 
disorders, in contrary to other models. Once externally validated, the prediction 
model developed in chapter 4 has the potential to be implemented in Dutch 
clinical care.

Various studies attempted to predict adverse outcomes in hypertensive disorders 
of pregnancy. Biomarkers are currently more frequently integrated in prediction 
models. It has been demonstrated that an increased ratio of proangiogenic 
factors (such als PlGF) to antiangiogenic factors (such as sFLT1 and soluble 
endoglin) is associated with a high risk of preeclampsia.19 If it is not increased, this 
ratio is especially useful as a criterion to rule out the occurrence of preeclampsia 
on the short term.20 Once preeclampsia is present, the sFlt1/PlGF ratio might 
predict adverse outcomes within 2 weeks.21 Based on these studies, the sFlt1/
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PlGF test should be implemented and become routinely available in standard 
care. However, these biomarkers are not yet available in clinical practice.

Other models that could be implemented in clinical practice are the fullPIERS 
and PREP models. They were both developed in large cohorts, include readily 
available clinical parameters, and show good performance. Moreover, both 
are externally validated in different settings and across countries, with still a 
good discriminative and predictive performance. The PREP model predicts 
complications in early-onset preeclampsia, including early preterm delivery 
within 48 hours and at discharge from the hospital.22 The model could be 
used to triage high-risk mothers who may need transfer to tertiary units for 
intensive maternal and neonatal care and timed delivery. The fullPIERS model 
predicts adverse outcomes (maternal death and adverse central nervous system, 
cardiorespiratory, hematological, hepatic and renal outcomes or placental 
abruption) within 48 hours, and up to 7 days after diagnosis.15,23 Variables 
included in the model are: gestational age, presence/absence of dyspnoea or 
chest pain, oxygen saturation, platelets, creatinine and AST/ALT. Performance 
was overall good depending on the external validation cohort. A risk above 30% 
is considered as the high risk cut-off for rule in of adverse outcomes up to 7 days 
after assessment. The fullPIERS model has also been validated in low-income 
settings.24

Clinical implications & future perspectives
The model we developed has to be externally validated before it can be 
implemented in clinical practice. An advantage above the international 
developed models is that our model could be used for all hypertensive disorders 
and is based on variables available in the perinatal health care system in the 
Netherlands. On the other hand, since the fullPIERS and PREP models are 
validated in many different populations, and are performing well, we would 
recommend them to be implemented in the Dutch clinical practice. These 
models could modify patient care by place and frequency of antenatal care. 
Low risk patients could be monitored in the outpatient department, and high 
risk patients could be monitored more frequently, admitted to the hospital and 
targeted for delivery. NICE guidelines recently advised to use the fullPIERS model 
in clinical practice. The 30% threshold that is used to identify women at high risk 
for inpatient management seems cost-effective in the late preterm period, but 
this should be further investigated.25 After implementation of the fullPIERS and 
PREP models in the Dutch guidelines, results and effect on obstetrical health 
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care should be evaluated. In addition, researchers should be encouraged to 
share data to be able to externally validate and update existing models. Further 
studies can focus on biomarker discovery and biomarker integration and 
implementation in routine care.

Figure 1. Flow chart of timing of delivery

* with onset after 34 weeks of gestation 

Part II First trimester screening of preeclampsia
Results in context

In the prospective pilot study (chapter 6), performance of the FMF first trimester 
prediction model was satisfactory for early and preterm preeclampsia and less 
sufficient for late preeclampsia. The algorithm performed poorly to stratify 
women at low risk and high risk. The small sample size and low outcome rate 
could be an explanation for this poor stratification. Moreover, it is known that 
the influence of the uterine artery Doppler measurement on the performance 
of the screening is substantial. In the cohort as described in chapter 6 (n=362 
women), the MoM of the uterine artery Doppler was not associated with 
occurrence of preeclampsia. In the reproducibility study (chapter 7) of the uterine 
artery Doppler (n=  101 women), intra observer reproducibility was moderate 
(operator was experienced, 6 years after the FMF certificate for the uterine 
artery Doppler with over 1000 measurements). Inter observer reproducibility was 
moderate in case of experienced operators, whereas it was poor in case of a less 
experienced operator (6 months after the FMF certificate, 100 measurements). 
The full study cohort was measured by different sonographers, with different 
levels of experience. Therefore, the poor reproducibility of the measurement 
performed by less experienced sonographers could have largely influenced 
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the prediction model’s performance. With further training and experienced 
operators screening’s performance is likely to improve.

Detection rates in combination with false positive rates are inferior to the results 
reported by the group that developed the algorithm. 26,27 Tan et al. recently 
reported detection rate (DR) of 90% for early preeclampsia, 75% for preterm 
preeclampsia and 41% for term preeclampsia, at a false positive rate (FPR) of 
10%.28 Based on the optimal cut-offs we identified in our validation study we 
found a DR for early and preterm preeclampsia, of 80% and 70%, respectively, 
but a much higher FPR of 19% for both. The DR for preeclampsia <42 weeks was 
68%, at the cost of a FPR of 32%. Noteworthy is that, Tan et al. included over 61000 
cases and the screening was performed by very experienced sonographers, 
using a highly standardized technique. Interestingly, cut-offs were similar in 
our cohort and the study of Tan et al., indicating similarity between our study 
populations. We assume that in a larger study cohort, with better standardization 
of the uterine artery Doppler measurement and more experienced sonographers 
performing all measurements, a similar performance would be achievable.

Many first trimester prediction models have been developed over the past 
years.29 They all include a combination of maternal characteristics, ultrasound 
markers and biomarkers. Their clinical implication remains unclear, since very 
few have been externally validated. Besides the FMF preeclampsia screening 
algorithm, another first trimester prediction model with a substantial sample 
size has been externally validated.30 Scazzocchio et al., however, report good ROC 
curves but detection rates at fixed FPR of 10% are inferior to the FMF algorithm. 
In terms of clinical implementation, research should further focus on external 
validation of existing good performing prediction models across populations 
rather than on development of new prediction models.31

Apart from the technical aspects of developing and validating a screening model, 
the question whether screening would be relevant and beneficial is still under 
debate. Although there is no actual ‘cure’, preventive treatment options seem to 
delay the onset of preeclampsia. While health care professionals may think that 
screening would improve prenatal health care, an important factor with respect 
to screening uptake is the patient’s perspective. Opponents of preeclampsia 
screening speculate that patients may not be willing to undertake this ‘time 
consuming’ extra appointment at the hospital for an additional ultrasound 
screening and that taking another screening test would provide uncertainty 
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and anxiety. A study conducted in the Netherlands addressed these questions. 
Women were generally positive towards first trimester screening.32 Even when 
the test is not 100% accurate, 80% of the women still find the test informative. 
Reassurance, provided by a low-risk result, was the major motivation for 
undergoing the test. Self-monitoring, early recognition and intensive monitoring 
were considered benefits of using prediction models in case of a high-risk. 
Women acknowledged that high-risk determination could cause (unnecessary) 
anxiety, but it was expected that personal and professional interventions would 
level out this anxiety.32

Clinical implications
Based on accuracy of the FMF preeclampsia screening algorithm evaluated in 
chapter 6 and 7 preeclampsia screening in the Netherlands is feasible. However, 
performance should improve with further training of the sonographers, and 
standardization of measurements before successful implementation into clinical 
practice. Clinical implications of the screening algorithm require discussion of 
current clinical practice and challenges for implementation. Another ongoing 
discussion is if an extra screening is cost-effective with respect to the alternative 
of giving aspirin to all at risk women.

Current guidelines
Current standard of care regarding aspirin administration for prevention of 
preeclampsia as recommended by the National Institute for Health and Care 
Excellence (NICE, antenatal care) is as follows. The guideline identifies women at 
high risk for preeclampsia when they have any one high-risk factor (hypertensive 
disease in previous pregnancy, chronic hypertension, chronic renal disease, 
diabetes mellitus or autoimmune disease) or any two moderate-risk factors 
(nulliparity, age ≥ 40 years, body mass index (BMI) ≥ 35 kg/m2, family history 
of PE or interpregnancy interval > 10 years).17 The Dutch guideline is similar but 
adds BMI > 35kg/m to the high risk factors as well as twin pregnancy, placental 
insufficiency in previous pregnancy, and ovum donation to the moderate risk 
factors. The International Society for the Study of Hypertension in Pregnancy 
(ISSHP) and the American Congress of Obstetricians and Gynecologists (ACOG) 
use similar risk factors to NICE but their recommendations differ slightly.33,34 
These guidelines are described in detail in chapter 6. The guidelines’ diagnostic 
accuracy was evaluated in two large studies.35,36 Using the high risk NICE 
guidelines, only 40% of the patients that will develop preterm preeclampsia 
were identified as high risk. Using the high risk definition for preeclampsia of 
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the American Congress of Obstetricians and Gynecologists (ACOG), 66% of the 
women were screen positive with detection rates of 89% and 90% for early-onset 
and preterm preeclampsia, respectively. However, the ACOG only recommends 
aspirin for women with a history of preeclampsia in at least two pregnancies or 
preeclampsia requiring delivery < 34weeks. This resulted in a detection rate of 
6% of early preeclampsia and 5% for preterm at a false positive rate of 0.2%. In 
view of these poor detection rates, a better screening model is needed. Maternal 
factors provide important information for preeclampsia risk assessment. 
Including additional predictive markers that either reduce or increase the risk 
of preeclampsia would enhance the predictive accuracy and reduce the number 
of false-positive results.

Challenges of screening by maternal characteristics and biomarkers
The FMF screening model is externally validated and currently the best 
performing prediction algorithm.26,27,36,37 External validation studies report similar 
AUC’s but lower detection rates, as is also demonstrated in chapter 6.38 This 
could be due to variation in the a piori preeclampsia risk across populations 
or measurement errors. Although performance in external validations studies 
seems accurate, there are some challenges to be faced prior to implementation. 
A large challenge remains the uterine artery Doppler measurement, especially 
in terms of implementation. Across the Netherlands but also in the UK, first 
trimester uterine artery Doppler measurement is not performed as part of routine 
care for the ‘general’ obstetrical population. These measurements are generally 
performed by sonographers working in second-third level centers. In order to 
implement this screening, adequate training of sonographers working in first 
level ultrasound practices should occur. This requires both a large financial and 
time investment. In addition, an extra visit to define the risk profile of the woman, 
measure the MAP, PLGF and uterine arteries PI should be scheduled. This is 
currently not yet standard practice in the Netherlands. These logistic challenges 
play against screening implementation. However, this might change with the 
implementation of a routine 13 weeks scan offered to all pregnant women. A 
concern for the performance of the screening remains the reproducibility of 
uterine artery Doppler measurements in the first trimester (chapter 7), unless 
a very stringent training of sonographers is performed. Alternatively, it may 
well be possible that in the near future automated measurement of the uterine 
artery may overcome the training and reproducibility issues. Another challenge 
of implementing the algorithm is that at present, with the disappearance of 
the combined test in the Netherlands, due to the introduction of NIPT as first 
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tier screening, first trimester maternal serum markers assessment should be 
introduced again.

Although the complete FMF algorithm (maternal risk factors, MAP, uterine artery 
PI, PlGF) achieves optimal performance (DR 75% of preterm PE cases), it may be 
decided to exclude a variable from the algorithm to adapt to the local setting. 
The combination of maternal risk factors, MAP and uterine artery PI detects 73% 
of PE cases and screening costs reduce by excluding PlGF. Screening by maternal 
risk factors, MAP and PlGF detects 68% of preterm PE cases.35 These alternative 
combinations of markers might increase feasibility of implementation. In any 
case, combinations of markers, added to the maternal characteristics perform 
much better than maternal risk factors alone.26,27

Aspirin for all?
Since the use of low-dose aspirin is safe during pregnancy, the question might 
arise: why don’t we administer aspirin to all pregnant women?39 Independently 
of the real safety of prolonged aspirin treatment given to all pregnant women, 
there are a few aspects to consider: compliance to treatment among all 
pregnant women would be lower if they are not aware of being at high-risk for 
preeclampsia. In addition, aspirin for all may give false reassurance and reduce 
awareness of high risk women. In terms of effectiveness, the reduction found in 
preterm preeclampsia in the ASPRE trial was based on a high risk population. 
Benefits might be much smaller or even nihil in a low risk population.40 
Unnecessary treatment of millions of women might be a consequence, which 
could lead to increase in side effects.

Future perspectives
Future research should focus on the cost-effectiveness of preeclampsia screening 
and improving the quality of measurements of the parameters in the FMF 
algorithm. With respect to cost-effectiveness, a study in the USA demonstrated 
that aspirin for high risk women was more cost-beneficial than aspirin for all or 
no intervention at all.41 The idea is that screening could reduce cost of maternal 
and neonatal healthcare related to preeclampsia. However, further studies are 
needed to assess maternal and perinatal morbidity and mortality to assess the 
possible benefits of screening.

In addition, the FMF model also has its limitations; the predictive markers are not 
good enough to be used alone. Further studies could focus on new and strong 
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predictive markers (cell-free fetal DNA, proteomics, etc), or new combinations of 
existing markers. An IPD-MA for developing a new model and external validation 
would be an option. In addition, although preterm preeclampsia is associated 
with severe maternal and perinatal morbidity, term preeclampsia covers the 
largest burden of disease due to its high prevalence. Better methods to predict 
and prevent term preeclampsia are therefore needed.

The FMF screening algorithm has the potential to be implemented into clinical 
practice. It has its limitations, but is currently the best available option for 
preeclampsia screening. Screen positive rates and detection rates are superior 
as compared to current guidelines, even in small external validation cohorts. 
It is crucial to ensure that mean arterial blood pressure and the uterine artery 
pulsatility index are measured according to standardized techniques.42,43 More 
studies on the cost-effectiveness of preeclampsia screening and the impact on 
maternal and perinatal adverse outcomes are therefore needed.
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