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Summary

Hypertension is a common complication of pregnancy. Seventeen percent of the clinical 

pregnancies are complicated by hypertension and 2% by preeclampsia (hypertension 

and proteinuria) (1-6) . Severe hypertension and preeclampsia pose an increased risk 

for morbidity and mortality to both the mother and the foetus. Hypertensive disease of 

pregnancy (HDP) remains the leading cause of maternal mortality in the Netherlands, 

followed by thromboembolism and obstetric haemorrhage. Fifty-one percent of the total 

number of maternal deaths is a result of hypertensive complications during pregnancy. 

The maternal mortality ratio (MMR; deaths per 100,000 live births) from hypertensive 

disease of pregnancy increased from 2.7 in 1983 to 1992 to 4.0 in 1993 to 2002 (7), a major 

difference with surrounding countries. In the UK, maternal mortality due to hypertensive 

disease ranks fourth – with a MMR of 0.7 – following thromboembolism, obstetric 

haemorrhage, and death during first trimester (ectopic pregnancies, miscarriage, and 

termination of pregnancy) (8).

It is thought that suboptimal or insufficient treatment is the cause for this high degree 

of maternal complications in the Netherlands (9-10). A study of the Dutch Committee on 

Maternal Death reports 96% substandard care in the cases of maternal mortality due to 

hypertensive disorders of pregnancy (11). To support their members, the Dutch Society 

of Obstetrics and Gynecology (NVOG) has developed evidence-based clinical guidelines 

on the management of hypertension in pregnancy (12) and chronic hypertension in 

pregnancy (13).The NVOG has no general strategy of practical implementation of its 

guidelines. In order to reduce maternal complications, an implementation strategy to 

improve adherence to the guidelines on hypertension in pregnancy is necessary. It can be 

concluded that the management of hypertensive disorders of pregnancy is an important 

part of care for which improvement is necessary.

We hypothesize that, in case of hypertensive disorders of pregnancy, an implementation 

strategy including a computerized decision support system (DSS) may lead to a higher 

compliance to the guidelines’ recommendations and thus a lower rate of maternal 

complications and their costs.

In this thesis, studies regarding the improvement of the quality of care for women with 

a hypertensive disorder during their pregnancy, are described.

Chapter 1 contains a general introduction of the background of hypertensive disorders 

of pregnancy. Furthermore, we present the rational and outline of this thesis.

&
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Chapter 2 provides a detailed description of the study protocol of a Dutch multicenter 

randomized controlled trial assessing the (cost-) effectiveness of two strategies to 

implement the guidelines of the Dutch Society of Obstetrics and Gynecology (NVOG) 

on hypertension in pregnancy (the BIG CHANGE trial, BOS supported Implementation 

of Guidelines on Clinical Hypertension and its mANgement in GEstation). The trial was 

part of the Dutch Obstetric Consortium, which is a collaboration of obstetric clinics in 

the Netherlands (www.studies-obsgyn.nl). The trial was approved by a local research 

ethics committee and was registered with trialregister.nl (ID NTR 1387).

Hospitals were randomly assigned to either an tailored or minimal implementation 

strategy. Prior to randomization, participating hospitals were stratified according to 

type (academic hospitals, teaching hospitals and non-teaching hospitals). The tailored 

implementation strategy to improve the use of national obstetrical guidelines on 

hypertension in pregnancy, consisted of a multi-faceted intervention (computerized 

decision support system, CDSS, plus audit and feedback), tailored to barriers from the 

literature and directed at obstetric professionals. The minimal implementation strategy 

consisted of a single intervention of audit and feedback.

All patients with a hypertensive disorder during pregnancy who were admitted to one of 

the participating hospitals were suitable for inclusion; the only exclusion criterion was 

the presence of lethal fetal abnormalities.

The primary outcome of this trial was a composite measure of major maternal 

complications (maternal death, organ specific complications of hypertension, HELLP 

syndrome and placental abruption). Secondary outcome measures were process 

measures (guideline adherence rates) and other patient-related outcomes (Caesarean 

delivery rates, and rates of neonatal mortality and morbidity).

The rate of major maternal complications in 216 Dutch patients with severe hypertension 

or pre-eclampsia was reported as 34%. In 96% of cases of maternal death, the NVOG 

committee on maternal death determined several factors of substandard care, which 

were classified as insufficient treatment of hypertension in about half of these. It was 

expected that an increased adherence to the guidelines’ recommendations would reduce 

the number of major maternal complications by half, i.e. from 34% to 17%. Considering 

an intracluster correlation of .05, 16 hospitals had to be included with approximately 

25 patients each in order to get a reliable estimate (alpha = .05; power .80) of a 50% 

difference (34% vs. 17%) in major maternal complications between both groups. 
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Assuming a drop-out or loss to follow up of 15%, 472 eligible women needed to be 

included, 236 in the minimal intervention arm and 236 in the tailored intervention arm.

In Chapter 3 we describe the guideline-based development of quality indicators for 

hypertensive disorders in pregnancy. A systematic RAND-modified Delphi method, 

including independent expert ratings and repetitive feedback, was used to develop a set 

of key recommendations suitable for transcription into quality indicators. We based our 

study on literature and two evidence-based NVOG guidelines concerning hypertension 

and pregnancy: ‘Hypertensive disorders in pregnancy’ and ‘Chronic hypertension in 

pregnancy’. The invited expert panel consisted of a representative diversity of Dutch 

clinical experts and guideline users (N=15) working at various types of clinics ranging 

from small regional hospitals to academic hospitals. Among them were gynecologists, 

gynecologists in training, members of the original guideline development workgroup, 

members of the Dutch Maternal Mortality Committee (MMC) and a representative of 

the Dutch patients’ association HELLP. The procedure for quality indicator development 

consisted of five steps: (I) selection of 48 guideline recommendations by 3 researchers 

independently, (II) a written questionnaire round among the experts, where they were 

asked to score all 48 recommendations on a nine-point Likert scale. Recommendations 

concerning “professional performance”, “organization of care” (both for patients with 

a hypertensive disorder in their pregnancy) and additional recommendations for 

patients with chronic hypertension, (III) consensus meeting, (IV) critical evaluation of 

the recommendations with regard to both ‘improvement potential’ and ‘applicability’, 

and (V) consultation with guideline developers.

Ultimately, consensus was reached on a set of 14 key recommendations as a basis for 

quality indicators. These key recommendations related to both professional acting (e.g. 

the necessity for a physician to perform a urine examination for proteinuria when a 

patient is diagnosed with gestational hypertension, but also target values for systolic 

and diastolic blood pressure), as the organization of care for patients with hypertensive 

disorders in pregnancy (e.g. every hospital needs to have a (local) protocol for treatment 

of patients with gestational hypertension, preeclampsia or HELLP). Subsequently, these 

recommendations were actually translated into quality indicators.

In Chapter 4, the results of a quality assessment of international guidelines on 

hypertensive disorders in pregnancy are described. We searched Medline and PubMed 

up to November 2011 for guidelines concerning hypertensive disorders in pregnancy, 

using the keywords ‘pregnancy’, ‘clinical practice guidelines’, ‘hypertensive disorders’, 

‘hypertensive diseases’ and ‘guidelines’. Second, we performed an Internet search in 

November 2011 to obtain guidelines using the previously mentioned keywords, in the 

search engines Google, AltaVista and Yahoo. We also searched for guidelines on the 

&
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websites of national and international professional societies in the fields of obstetrics 

and gynecology, and perinatology (e.g. www.figo.org and www.perinatology.com) and on 

the websites of national and international institutes involved in guideline development 

(e.g. www.g-i-n.net, www.guideline.gov and www.cbo.nl). Searches were extended using 

links when available and limited to English and Dutch literature.

To evaluate the methodological quality of the selected guidelines, we used the Appraisal 

of Guidelines for Research and Evaluation (AGREE) II Instrument (http://www.agreetrust.

org). The AGREE II Instrument is an internationally validated, generic tool consisting of 

23 key items categorized in six domains: scope and purpose (three items), stakeholder 

involvement (three items), rigor of development (eight items), clarity and presentation 

(three items), applicability (four items) and editorial independence (two items).

In total, five investigators appraised the selected HDP guidelines independently by 

scoring each item of the AGREE II Instrument on a seven-point Likert scale (1 = strongly 

disagree and 7 = strongly agree). Differences in ratings of more than one point per item 

were discussed to achieve consensus.

Besides methodological quality, we also examined possible differences in guideline 

content by extracting data on recommendations of the guidelines. To determine whether 

these differences in recommendations could be explained by use of different literature, 

we assessed the publication dates, origin of the references and the number of references 

shared with the other selected HDP guidelines.

We included six guidelines, from Australia & New Zealand, Canada, England & Wales, 

The Netherlands, Scotland and the United States. Overall, one guideline with the 

highest AGREE score was strongly recommended (England & Wales), the others, with 

moderate scores, were recommended with adaptations. Despite the overall moderate-

to-high methodological quality of guidelines on hypertensive disorders in pregnancy 

worldwide, some striking flaws in methodological quality were identified with the AGREE 

II Instrument, particularly on the domains applicability, editorial independency and 

stakeholder involvement. The guidelines differed in the number and extensiveness of 

key recommendations. The Dutch guidelines comprised of a limited set of evidence-

based recommendations, whereas the guidelines from England & Wales, Scotland and 

Canada included considerably more and more extensive recommendations.

Chapter 5 describes the effectiveness results of the BIG CHANGE trial, including two 

academic and 14 non-academic hospitals. A baseline measurement was performed 
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among a random sample of patients that were admitted with a hypertensive disorder 

during their pregnancy in 2007. For the post-intervention measurement all patients 

admitted to one of the participating hospitals between April 1st 2010 and May 1st 2011 

with a hypertensive disorder during their pregnancy were included. At baseline 270 

patients were included in the tailored implementation strategy group and 262 in the 

minimal implementation strategy group. For the post-intervention measurement, 947 

patients were included in the group of the tailored implementation strategy group 

and 815 patients in the minimal implementation strategy group. The background 

characteristics of both groups were comparable.

To analyze the difference in effectiveness of the tailored implementation strategy 

compared to the minimal implementation strategy on the primary and secondary 

outcomes, we assessed the proportion of patients that developed major complications 

before and after the implementation period in both groups. Both groups were compared 

with each other, before and after the implementation period using multi-level logistic 

regression analyses.

All analyses were based on the intention-to-treat principle, meaning all participants were 

included in the arm to which they were originally assigned, regardless of whether they 

received the intervention or not. Differences at baseline were corrected for by including 

baseline scores as a covariate in the final multi-level model.

There were no significant differences in primary and most secondary outcome measures 

between the tailored implementation strategy group and the minimal strategy group. 

Guideline adherence was statistically significantly better on one item regarding adequate 

laboratory testing in the tailored implementation strategy group than in the minimal 

strategy group.

Process evaluation data showed limited use of the CDSS, with a large variation between 

hospitals (0-49,5% of the eligible patients), but very positive experiences of actual users. 

Regarding the assessment of the feasibility of the tailored implementation strategy 

all eight hospitals randomized to this strategy were contacted and asked to fill in an 

online questionnaire containing questions on efficiency (time saving and appropriate 

advice), barriers (familiarity, accessibility and applicability of CDSS) and points for 

improvement (legibility, extension, clarity an expansion of CDSS). A total of 34 (68%) 

completed questionnaires were used for analysis. Positive opinions on user friendliness, 

clarity, speed of the program, lay-out, clearness and end report varied from 73.5% to 

100%. On the question if a DSS was a suitable tool for implementation of guidelines, 

&
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91 % answered affirmative. Most of the respondents (85%) found it useful to develop a 

computer based support system for other Dutch guidelines, and 79% intended to use 

a CDSS, if available, for other guidelines. Fifty-eight percent found using a CDSS easier 

than their local protocol or the national guideline.

We concluded that using a computerized CDSS for implementation of the clinical 

guidelines for the management of hypertension in pregnancy did not result in fewer 

major maternal and fetal complications and only led to better guideline adherence 

on one item. Limited use of the CDSS in the tailored strategy group and change in 

management of hypertensive disorders in pregnancy and more awareness due to several 

Dutch studies, could be an explanation.

Chapter 6 describes the cost-effectiveness of the tailored implementation strategy 

to improve the use of Dutch guidelines on hypertensive disorders in pregnancy using 

CDSS. There were no statistically significant differences in the primary outcome (adverse 

maternal events) between the two groups (mean difference 0.004, 95% CI -0.013; 0.021) 

and secondary outcomes (adverse perinatal events) (mean difference 0.05, 95% CI 

0.01;0.10), and in guideline adherence (mean difference 0.1, 95% CI 0.0005; 0.20). Costs 

in the tailored implementation strategy group were statistically significantly higher 

than in the control group (mean difference € 411, 95% CI 266;591). Cost-effectiveness 

acceptability curves showed that for the composite clinical outcomes the probability 

that the intervention was cost-effective in comparison with control was 0 for all possible 

ceiling ratios. For guideline adherence, the probability that the intervention was cost-

effective in comparison with a control was 0.95 at a ceiling ratio of 1745 € per extra 

guideline recommendation followed.

In conclusion, the tailored implementation strategy is not cost-effective in comparison 

with control for adverse maternal or perinatal outcomes, but may be considered cost-

effective for guideline recommendations followed if decision makers are willing to pay 

€ 1745 per extra guideline recommendation followed.

Chapter 7 contains a general discussion of this thesis and implications regarding clinical 

practice and future research.
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