
 

 

 University of Groningen

Hypertensive disorders of pregnancy
Pereira Bernardes, Thomas Patrick Custodio Heinrich

DOI:
10.33612/diss.99788387

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Pereira Bernardes, T. P. C. H. (2019). Hypertensive disorders of pregnancy: occurrence, recurrence, and
management. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.99788387

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.99788387
https://research.rug.nl/en/publications/85e42440-90fe-4c15-bef0-a89cc926b407
https://doi.org/10.33612/diss.99788387


07



Summary, general discussion 
and perspectives



126

Chapter 7

SUMMARY AND GENERAL DISCUSSION

All scientific work is incomplete - whether it be observational or experimental. 
All scientific work is liable to be upset or modified by advancing knowledge. 

That does not confer upon us a freedom to ignore the knowledge we already have or 
postpone the action that it appears to demand at a given time.

- Sir Austin Bradford Hill

The aim of the research in this thesis was to provide evidence that further contributes 
towards the prevention and management of hypertensive disorders of pregnancy. As low 
dose aspirin use and calcium supplementation lower the risk of hypertensive disorders of 
pregnancy, proper screening and selection of women who may benefit is of paramount 
importance. Although with this their prevalence may diminish, hypertensive disorders of 
pregnancy will nevertheless continue to complicate pregnancies. When they do, proper 
management that targets optimal maternal and neonatal outcomes requires timely delivery 
that is evidence based, a foundation towards which this thesis aimed to contribute.

Risk factors, old and new
Chapters 2 and 3 describe studies of a population-based Dutch cohort that assessed different 
risk factors for pre-eclampsia and delivery of a small for gestational age (SGA) infant. The 
linked design of the cohort dataset in these studies allowed for the evaluation of clinical risk 
factors present in the first pregnancy and their effect on second pregnancy risks. 

Chapter 2 describes why maximum diastolic arterial blood pressure values in the first 
pregnancy should be considered as a novel risk factor for the risk of pre-eclampsia in a 
subsequent pregnancy and provides further evidence for history of pre-eclampsia as the 
main risk factor for recurrence. In women that did not present with pre-eclampsia in the 
first pregnancy, increased values of maximum diastolic blood pressure showed a direct 
relationship with increased risk of pre-eclampsia. 

Chapter 3 shows that delivery of an SGA infant increases the risk of pre-eclampsia in the 
following pregnancy and vice-versa, but this is limited to specific situations. In the absence 
of hypertensive disorders in the first pregnancy, SGA delivery slightly increased the risk of 
pre-eclampsia in the subsequent pregnancy, but the absolute risk remained lower than one 
percent. In the presence of hypertensive disorders, SGA delivery did not further impose 
additional pre-eclampsia risk. Similarly, while late onset pre-eclampsia slightly increased 
SGA risk, the increased risks associated with early onset pre-eclampsia were of the same 
order of magnitude of those associated with preterm delivery.
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Who is actually at risk?
Together, Chapters 2 and 3 serve as examples of the importance of careful evaluation of 
the different risk factors through multivariable models. Although numerous risk factors for 
hypertensive disorders of pregnancy have been well established in the literature, efforts to 
systematically evaluate, quantify their relative importance and tease out confounders have 
been scarce.1 This is made clear by the lack of consensus over who are the women that 
should be considered at high-risk of developing hypertensive disorders of pregnancy as the 
World Health Organization (WHO), the International Society for the Study of Hypertension 
in Pregnancy (ISSHP), the British National Institute of Clinical Excellence (NICE), and the US 
Preventive Services Task Force (USPSTF) all differ in their screening recommendations.2–5 
Further reflecting the absence of systematic assessment, while the first two provide only a 
single list of “established strong clinical risk factors”, the latter two distinguish between high 
and moderate risk factors — although still with discordances.

The checklist method
Collecting different clinical risk factors in a checklist is one approach to determine who is at 
risk. The relative merit of this approach is found in its simplicity, especially in settings that 
do not allow for more rigor. In a randomized trial that evaluated folic acid for the prevention 
of pre-eclampsia in Argentina, Jamaica, Canada, Australia, and the United Kingdom, women 
were selected to participate through a simple screening process such as this. Women with 
pre-existing hypertension, pre-pregnancy diabetes (type 1 or 2), pre-eclampsia in a previous 
pregnancy, body mass index (BMI) over or equal 35 kg/m2, or with a twin pregnancy were 
considered at high-risk for pre-eclampsia and included in the trial. This simple screening 
procedure resulted in incidences of 14.8% and 13.5% of pre-eclampsia in each arm of 
the trial, 3 to 4 times the usual estimated prevalence, although still undoubtedly highly 
unespecific.6–8

Biomarkers in prediction models 
In addition to clinical risk factors, the use of biomarkers such as serum placental growth 
factor (PlGF) and serum pregnancy-associated plasma protein-A (PAPP-A) has been proposed 
to augment the screening for individual risk. A 2017 prospective multicenter study of 8775 
pregnant women compared the screening performance of the 2010 NICE and the 2013 
American College of Obstetricians and Gynecologists (ACOG) guidelines to the proposed 
screening algorithm by the Fetal Medicine Foundation (FMF), which includes the use of 
biomarkers. 4,9–11 Detections rates of delivery with pre-eclampsia at less than 32, 37 and over 
or equal to 37 weeks of gestation for the algorithm were 100%, 75% and 43%, respectively, 
with a 10% false positive rate. The corresponding rates using the NICE screening were 41%, 
39% and 34% with the same rate of false positives. The 2013 ACOG screening had high 
detection rates, respectively 94%, 90% and 89%, although at the cost of a false positive rate 
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of 64.2%. Along with the inclusion of additional predictive factors, the superior performance 
of the FMF algorithm is justified by use of a multivariable model opposed to the simple 
checking of a risk factor list.

Aspirin in all pregnancies?
The implications of the use of an early version of this algorithm to screen for high-risk of 
hypertensive disorders of pregnancy and consequently select women who may benefit 
from low dose aspirin were studied by an Irish group in a cost-effectiveness analysis that 
compared it to a policy of routine aspirin use. 12 The inclusion of not only biomarkers, but 
also of the ultrasonographic uterine artery pulsatility index in the screening algorithm 
increases its cost. As a result, the authors concluded that routine aspirin use was the optimal 
cost-effective approach under a variety of assumptions. Next to routine low dose aspirin 
use, they also concluded that the least cost-ineffective screening was based not on history 
and clinical characteristics of the mother, but only on the mean arterial blood pressure. 
The authors did not include in their analysis the potential effects of low dose aspirin on 
spontaneous preterm birth and SGA prevention.13,14 If these were to be taken into account 
and excluding known contraindications, a future case for aspirin in all pregnancies could 
certainly be made. This may be especially relevant in developing countries, where women 
are particularly vulnerable to high morbidity and mortality in complicated pregnancies and 
a low-cost intervention such as aspirin could be reasonably implemented.

The same Irish group also performed a feasibility three-armed open label randomized trial 
with 564 nulliparous women who did not meet NICE criteria for aspirin use in pregnancy that 
compared (1) no aspirin use to (2) FMF screening and to (3) routine aspirin use. Adherence 
to aspirin use was good at 90% but routine aspirin use more than doubled rates of post-
partum hemorrhage over 500 ml (13.5% vs. 5.6%). This was a surprising finding as it conflicts 
with previous pooled results from nine trials including 22,760 women that evaluated aspirin 
use and revealed no evidence for increased risk of post-partum hemorrhage (relative risk 
1.02; 95% confidence interval 0.96–1.09).15,16

Folic acid as a reference model
Although ineffective in the prevention of pre-eclampsia, folic acid has been shown to 
reduce the risk of neural tube defects in large randomized trials and its supplementation is 
recommended worldwide before conception and during the first trimester of pregnancy. 17–19 
In 2014, analysis of a population-based cohort in the UK showed that this recommendation 
has had relative success as in 84.5% of 108,525 pregnancies folic acid was used, although 
only in 25.5% it was introduced preconceptionally.20

Lest the repetition of the thalidomide-induced teratogenesis disaster, the safety profile of a 
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supplement or drug is the most critical aspect for the introduction of a policy for its use in 
every pregnancy.21 Potential harms of folic acid supplementation were reviewed in 2018 by 
the US Preventive Services Task Force (USPSTF) and their conclusion was that the risks “from 
folic acid supplementation taken at the usual doses are no greater than small”. Although 
aspirin long term use in the context of cardiovascular disease has been extensively studied, 
before a policy of low dose aspirin in every pregnancy can be safely adopted, similar efforts 
to clarify short and long-term effects of its use during pregnancy need to occur. 22 The variety 
of responses from different healthcare providers towards the adoption of such a policy also 
needs to be taken into account. Issues such as home birth provide a colorful example of 
heated debate over the medicalization of birth.23,24

Rather than a policy of routine low dose aspirin use, a two-stage screening process is more 
likely to be implemented in the near future. This is supported by findings of secondary 
analysis of data from the ASPRE trial. This study screened 34,573 women for preterm 
pre-eclampsia, the hypertensive disorder of pregnancy with the strongest evidence for its 
prevention with aspirin. Preterm pre-eclampsia in this study was presented by 239 (0.7%) 
women. The ACOG criteria for aspirin introduction were fulfilled by 22,287 (64.5%) women 
and preterm pre-eclampsia incidence in this group was 0.97% (223 women). A second 
stage of screening through FMF criteria resulted in an incidence of 4.8% for those screened 
positive and only 0.25% for those screened negatively. Similarly, of the 1392 women who 
met NICE high-risk criteria, 5.17% presented preterm pre-eclampsia and application of 
FMF criteria in these women resulted in incidences of 8.7% and 0.7% for those screened 
positively and negatively, respectively. If on one hand ACOG criteria are overinclusive, the 
application of NICE high and moderate risk criteria missed 126 (52.7%) presentations of 
preterm pre-eclampsia.

However unlikely in the short term, even if at some point in the future a policy of routine 
aspirin use becomes norm, women at high-risk for hypertensive disorders of pregnancy 
will still benefit from proper monitoring and will need to be referred to and cared for in 
specialized services. Because of this, the screening challenge imposed by instruments 
that are too unspecific, not sensitive enough or too expensive provides an opportunity for 
considering the prediction potential of novel risk factors and reevaluation of well-known 
candidates. It is in this context that the results discussed in Chapters 2 and 3 are found. 

Until 2019, the NICE guideline is the only one so far to include hypertension in a previous 
pregnancy as a risk factor for pre-eclampsia. Chapter 2 findings largely substantiate this 
recommendation and further suggest that the development of screening models that 
include different levels of maximum diastolic pressure in a previous pregnancy as a risk 
factor may allow for more nuanced evaluation of individual risk.
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In the same manner, chapter 3 findings offer support for SGA as a mild to moderate risk 
factor for pre-eclampsia. The findings also make clear the notion that the presence of 
simultaneous risk factors, in this case SGA delivery and hypertension, do not necessarily 
imply increased pre-eclampsia risk to a subsequent pregnancy beyond that imposed by each 
risk factor alone.  This latter finding may be justified by their common pathophysiological 
pathway which brings forth the presentation of one, the other or of both complications. The 
specific phenotypical presentation then influenced by the presence of both known factors, 
such as chronic hypertension, obesity, smoking, and other unknown predisposing factors 
based on the genetic, environmental and behavioral make-up of the woman.

Immediate delivery versus expectant management
Chapter 4 explored the challenges of randomized controlled trials (RCTs) aimed at the study 
of rare outcomes in a heterogeneous population through the obstetric lens of the immediate 
delivery versus expectant management dilemma for women at or near term presenting with 
hypertensive disorders of pregnancy. To overcome these challenges, the realization of an 
individual participant data meta-analysis (IPDMA) was proposed. This came to fruition in the 
study described in Chapter 5¸ an IPDMA that included women from five RCTs to strengthen 
the evidence base in the management of hypertensive disorders of pregnancy. Although 
immediate delivery was shown to reduce the risk of a composite of HELLP syndrome and 
eclampsia, the adverse consequences of an early birth as demonstrated by increased rates 
of respiratory distress syndrome (RDS) are clear. A policy of delivery at 37 weeks of gestation 
for women presenting with pre-eclampsia without severe features appears to strike a fair 
balance between maternal and neonatal risks. It is still unclear though if that is still the case 
in gestational hypertension and in women with chronic hypertension.

The challenge of rare outcomes
This latter finding illustrates how difficult the study of rare outcomes is in randomized 
controlled trials and two possible pragmatic solutions: the use of surrogate and composite 
outcomes. The authors of the DIGITAT and HYPITAT-I trials chose umbilical arterial pH as a 
secondary outcome and as a component of the primary composite neonatal outcome to act 
as a surrogate for rare outcomes.  In this case, the associated rare outcomes were neonatal 
mortality, hypoxic ischemic encephalopathy, intraventricular hemorrhage, periventricular 
leucomalacia, and cerebral palsy.28,29 It is because of this association and not because of the 
occurrence of the surrogate per se that it represents an outcome to be avoided.

In a similar manner, progression to severe hypertension (systolic blood pressure of 170 mm 
Hg or higher or diastolic blood pressure of 110 mm Hg or higher) was included in HYPITAT-I 
as a component of the primary composite maternal outcome. The interpretation of the 
less frequent occurrence of this composite outcome in women who were randomized to 
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delivery was subject to criticism at the time of the publication of the trial in 2009. The use 
of progression to severe hypertensive disease, the most common adverse outcome and 
responsible for the majority of the effect found in the trial, as a surrogate for severe maternal 
morbidity such as cerebrovascular accidents was considered insufficient to justify delivery 
“in otherwise well women”. 30–32 Despite this, it is clear that the information provided by 
surrogate outcomes in feasible trials is nonetheless preferable to a choice of complete 
uncertainty regarding management and their impact on rare outcomes. This is especially 
the case as data generated in such trials is candidate for use in meta-analysis such as we 
have described in Chapter 5.  

Composite outcomes
The inclusion of progression to severe hypertension in the HYPITAT-I trial composite 
maternal outcome along with maternal mortality and severe maternal morbidity such as 
eclampsia and HELLP syndrome fails in three out of three criteria designed to help clinicians 
interpret results of trials with composite outcomes.33 These outcomes do not have the 
same importance to patients, do not occur with a similar frequency and do not likely have 
similar relative risk reductions. The potential drive to design a trial with a high likelihood of 
a positive result, as well as the degree this may affect publication potential in high impact 
journals and change clinical practice also needs to be taken into account in an evaluation 
like this.34–36

The composite maternal outcome in the HYPITAT-II trial was a step forward to correct 
for these potential issues with the exclusion of progression to severe hypertension as a 
component. The proposal for an IPDMA described in Chapter 4 followed a similar strategy. 
In the IPDMA prospective PROSPERO registration, described in Chapter 5, we took a further 
step to align our outcomes with the previously mentioned criteria and restricted the primary 
maternal composite outcome to the occurrence of eclampsia, HELLP syndrome or both 
while maintaining the previous composite as a secondary outcome.  

Heterogeneous populations
While in the Netherlands the HYPITAT-I trial resulted in an increase in induction of labor rates 
in women with both pre-eclampsia and gestational hypertension at term, the UK National 
Institute for Health and Clinical Excellence (NICE) guideline was also changed to reflect 
the findings. NICE, however, limited the indication of immediate delivery to only women 
with pre-eclampsia at term. It was argued that the trial was unable to show significant 
reduction of progression to severe disease for women with gestational hypertension at 
term. 4,37 The American College of Obstetricians and Gynecologists (ACOG) on the other 
hand recommends delivery upon diagnosis of pre-eclampsia and gestational hypertension 
at or beyond 37 weeks of gestation.
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The differences in policy proposed by these institutions may reflect not only alternative 
viewpoints regarding the available data, but also how specific findings are to be applied 
to the populations of these different countries that may by themselves be also highly 
heterogeneous. Ethnic, cultural, institutional, environmental, and genetic factors of each 
population all have impact on how the benefits and harms of particular policies may actually 
come to fruition.

Caesar’s dilemma
While Chapter 5 had a wider scope, Chapter 6 focused on the specific population of women 
presenting with unripe cervixes in pregnancies complicated by hypertensive disorders or 
suspected intrauterine growth restriction. For this group of women, it was still unclear 
whether induction of labor at term increased cesarean section and adverse neonatal 
outcome rates when compared to expectant management. These rates were shown to 
be comparable and induction of labor resulted in a lower number of infants presenting 
umbilical arterial pH < 7.05.

These findings, published in 2016, joined a mass of published evidence that could put to 
rest the long-standing debate over increased cesarean section rates after induction of labor, 
even in the case of immature cervixes in women presenting with complicated pregnancies. 
Nonetheless, the classic textbook Williams Obstetrics in its revised 2018 edition starts 
its discussion of labor induction risk by listing cesarean sections first among other 
complications: chorioamnionitis, uterine rupture, and postpartum hemorrhage. Of these, 
a two to threefold greater risk for cesarean delivery after induction of labor is emphasized 
based on studies published in 2003.38

Nevertheless, the textbook authors found room to also include a mention to evidence 
from 2009 that — as Chapter 6 does — puts this assessment into question. In particular a 
mention was made for the, at the time, upcoming results of the ARRIVE trial, still ongoing at 
the time of the revision of the book. Published in 2018, the ARRIVE trial randomized 6,106 
low-risk nulliparous women at 38 weeks of gestation to induction of labor at 39 weeks or 
expectant management.39 The results show no difference in adverse neonatal outcomes 
and a lower cesarean section rate in the induction of labor group. Based on these findings, 
The Society for Maternal-Fetal Medicine (SMFM) revised its recommendations in the same 
year,  advising care providers to only offer elective induction of labor at 39 weeks for low risk 
nulliparous women that met ARRIVE eligibility criteria.40
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On the other hand, it is curious to find an apparent reversal of ARRIVE’s findings in a paper 
by Carmichael et al. The authors state that “it would be helpful to know whether the 
increased occurrence of cesarean birth in the women in the IOL group was attributable to 
the increased incidence of hypertensive disorders”. As Carmichael et al. did not reverse the 
results of the trial in the rest of their paper, this could maybe represent a degree of cognitive 
dissonance in face of findings that contradict long held beliefs, but most definitely a failure 
of the in-house and editorial revision processes.41
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PERSPECTIVES AND CONCLUSION
The inertia inherent to health care provides a formidable challenge to the exciting and 
around-the-corner future promised by machine learning applied to Big Data. Despite initial 
mixed results showing that there is still a lot of work ahead, electronic health records fed 
by real time data collected by personal electronic devices provide previously unforeseen 
opportunities for individualized, timely and effective care.42,43 It is almost certain that 
approaches such as those found in Chapters 2 and 3 will in a not too distant future be 
substituted by national or even international registries that are automatically updated, open 
to real time access and ready to feed up-to-date AI models that will immensely enhance 
clinical practice.

This will provide ample opportunity for the evaluation of individual risk factors, prescription 
of appropriate interventions when necessary and prompt immediate action on the 
occurrence of adverse effects and complications. With the slow pace of health care change 
this could merely be wishful thinking, but the rates at which new technologies have been 
adopted in recent years suggest that uptake may be faster than expected (Figure 1).44

Figure 1. Uptake of technology in US households between 1920 and 2019 (Source: Our World in Data 
(https://ourworldindata.org/).
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In a similar way but on a more limited scale, Chapters 5 and 6 provide examples of the 
benefit of aggregating data from different sources to arrive at clinically relevant findings. 
Undoubtedly, different and more sophisticated approaches could have been taken in both 
cases. In Chapter 5, regression and time-to-event based analyses could have possibly 
elucidated remaining questions regarding the appropriate timing of delivery for certain 
subgroups of women such as those that present with non-severe gestational hypertension 
rather than pre-eclampsia. Such analyses nonetheless impose additional challenges in terms 
of technical implementation and plain viability as outcomes remain rare despite increased 
sample sizes. Further addition of data from the PHOENIX and WILL trials will again provide 
opportunities for such approaches to be taken. 

Improved methods, new data, and more interdisciplinary collaboration will allow for new 
insights to arise and targeted answers to be found. Whether the overall messages in this 
thesis will remain largely unchanged or be significantly altered is unclear, although my bias 
naturally tends towards the first. “Trust your experience, but keep refining your view”.  
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