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Chapter 1

Introduction

This thesis focuses on research on improvement of care for women with hypertensive 

disorders of pregnancy (HDP). In the introduction we begin with a description of HDP, 

including information about incidence of HDP, the definitions and classification. Next, 

information is provided about quality of care and steps to improve HDP care, including 

guidelines, quality indicators and possible improvement strategies. This chapter 

concludes with the outline of the thesis.

Hypertensive disorders of pregnancy
Hypertension is one of the most commonly reported health conditions among pregnant 

women and complicates 5-10% of all pregnancies. HDP are important causes of maternal 

morbidity and mortality worldwide. A World Health Organization (WHO) review identified 

hypertension as the single leading cause of maternal mortality in industrialised countries, 

accounting for 16% of maternal deaths. In Africa and Asia, HDP accounted for 9% of 

maternal deaths, whereas, in Latin America and the Caribbean, HDP are the leading 

cause of death with a mortality rate of almost 26% (1).

In The Netherlands, as shown in table 1, in 2016, 8.5% of all pregnancies are complicated 

by HDP.

Table 1. Numbers and percentage of HPD of all pregnancies in The Netherlands in 2016 (2).

Year
2016

Parity P0
N

P0
%

P1+
N

P1+
%

Total
N

Total
%

Hypertensive disorders 8.529 11.7% 5.568 6.0% 14.097 8.5%

Chronic hypertension 305 0.4% 430 0.5% 735 0.4%
Deliveries 73.130 93.564 166.694

Definitions and classification on hypertensive disorders of pregnancy
Hypertension in pregnancy is categorized as chronic (pre-dating pregnancy or diagnosed 

before 20 weeks of pregnancy) or de novo (either pre-eclampsia or gestational 

hypertension). Hypertension is defined as systolic blood pressure ≥ 140 mmHg or 

diastolic blood pressure ≥ 90 mmHg).

Chronic hypertension

Chronic hypertension is defined as a hypertension that is diagnosed before pregnancy 

or before 20 weeks gestation. In practice, this is often diagnosed for the first time at 

BNW_Susanne_V1.indd   10BNW_Susanne_V1.indd   10 07-05-20   10:4907-05-20   10:49



11

General introduction

the first or early second trimester booking visit. Hypertension first diagnosed after 20 

weeks gestation, and which persists 12 weeks postpartum, is also considered chronic 

hypertension. The majority of cases are due to essential hypertension, secondary causes 

are uncommon.

Gestational hypertension

Gestational hypertension is defined as persistent de novo hypertension that develops 

after 20 weeks’ gestation in the absence of features of pre-eclampsia. The risk of 

complications is dependent on the gestational age at which it develops.

Pre-eclampsia

Pre-eclampsia is gestational hypertension accompanied by one or more of the following 

new-onset conditions at or after 20 weeks’ gestation:

1. Proteinuria

2. Other maternal organ dysfunction, including:

· Acute kidney injury (AKI) (creatinine ≥ 90 μmol/L)

· Liver involvement (elevated transaminases) with or without right upper 

quadrant or epigastric abdominal pain)

· Neurological complications (examples include eclampsia, altered mental 

status, blindness, stroke, clonus, severe headaches, persistent visual 

scotomata)

· Hematological complications (thrombocytopenia – platelet count below 

150,000/μL, disseminated intravascular coagulation (DIC), hemolysis)

3. Uteroplacental dysfunction (such as fetal growth restriction, abnormal 

umbilical artery Doppler wave form analysis, or still birth) (3)

Proteinuria is not required for a diagnosis of pre-eclampsia but is present in about 75% 

of cases (4).

Pre-eclampsia can occur without hypertension when gestational proteinuria is associated 

with the systemic manifestations (5).

1
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Table 2. Possible acute complications or hypertensive pregnancy disorders by organ system

Organ system Clinical Signs and Symptoms
Cardiovascular Hypertension

Pulmonary edema
Reduced cardiac output

Renal Reduces Glomerular Filtration Rate
Proteinuria
Cortical Necrosis

Hepatic (HELLP syndrome) Elevated Liver Enzymes
Hepatic Dysfunction Subcapsular
Hepatic Rupture

Central Nervous System Cerebral Hemorrhage
Headache/blurred vision
Scotoma
Cortical Blindness
Posterior Reversible Encephalopathy Syndrome (PRES)

Pre-eclampsia superimposed upon chronic hypertension

This diagnosis is made when a woman with chronic hypertension develops any of the 

above maternal organ dysfunction consistent with pre-eclampsia. About 25% of women 

with chronic hypertension will develop superimposed pre-eclampsia. These rates may 

be higher in women with underlying renal disease. In the absence of pre-existing 

proteinuria, new-onset proteinuria in the setting of a rise in blood pressure is sufficient 

to diagnose super-imposed pre-eclampsia (3).

Eclampsia

Neurologic involvement in the form of generalized tonic-clonic convulsions in women 

with pre-eclampsia is termed eclampsia, if the seizures cannot be attributed to any other 

cause (such as epilepsy, cerebral infection, tumor or ruptured aneurysm) (6).

Hemolysis, elevated liver enzymes and low platelets syndrome

Hemolysis, elevated liver enzymes and low platelets (HELLP) syndrome is a severe form 

of pre-eclampsia and not a separate disorder. The manifestations of this syndrome are 

presumed to indicate hepatocellular injury (3).

The fetal or neonatal consequences of HDP include intra-uterine growth restriction, 

stillbirth and severe morbidity related to pre-term birth. Neonatal morbidity is strongly 

associated with the gestational age at onset of pre-eclampsia, as well as the severity of 

the maternal syndrome and related preterm delivery(7-9).
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Maternal mortality
In high-income countries, relatively few women die as a result of pregnancy, childbirth 

or puerperium. However, next to perinatal mortality, the maternal mortality per 100,000 

live-born children (maternal mortality ratio; MMR) reflects the quality of obstetric care, 

and can be used for international comparisons. Although the MMR is small, serious 

maternal morbidity is more common. It is estimated that for every woman who dies, 20 

others suffer severe morbidity or disability (10).

The Dutch Maternal Mortality Committee (MMC), instituted by the Dutch Society of 

Obstetrics and Gynecology (NVOG) in 1981, published its first report in 1998, covering

the years 1983–1992. The only two other countries performing periodical nationwide 

surveys are the United Kingdom (UK) and South Africa.

Before the start of our study, Schutte et al published the results of the Dutch mortality 

rates during the period of 1983-2005. It showed that hypertensive disorders were the 

main cause of death from pregnancy or childbirth (11).

When comparing two countries, the UK and the Netherlands, both performing periodical 

nationwide enquiries, it is notable that during the years, the MMR for gestational 

hypertensive disorders in the Netherlands remained higher than the MMR in the United 

Kingdom. The MMR during the period of 2000-2015 varies between 0,08 and 0,42 per 

100,000 live-born children, while in the Netherlands, the MMR fluctuates between 0,6 

and 2,9 per 100,000 live-born children (12,13).

Perinatal mortality
The World Health Organization defines perinatal mortality as the “number of stillbirths 

and deaths in the first week of life per 1,000 total births, the perinatal period commences 

at 22 completed weeks (154 days) of gestation, and ends seven completed days after 

birth. Perinatal and maternal health are closely linked. Quality of care during pregnancy 

and childbirth are key for the health of the baby and the mother (14).

At the time of our study, the rates of perinatal mortality in the Netherlands exceeded 

the European average (15, 16). In response to the high perinatal mortality, the Dutch 

Minister of Health issued several measures (17) in 2008, of which two were deemed most 

important: (1) the appointment of an advisory board on pregnancy and birth, and (2) 

the request for a national report on priority setting of perinatal research. The advisory 

board proposed several recommendations in their final report (‘A good beginning’) 

in 2010 (17,18). Two important recommendations refer to (1) targeting pregnancy and 

1
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deprivation (particularly in urban areas), and (2) universal access within 15 minutes to 

‘qualified professionals’ (midwives, gynaecologists, paediatricians, anaesthesiologists, 

and operating theatre staff) to guarantee the quality of 24/7 acute obstetric care.

Most recommendations from the advisory group report were also mentioned in the 

research topics proposed in the ZonMw (The Netherlands Organisation for Health 

Research and Development) Signalement study, which provided the quantitative 

background to some of the aforementioned recommendations (19). In this study, the 

unique Dutch system of obstetric care was addressed on patient, environment and 

healthcare related risk factors of perinatal mortality and morbidity. Also, the concept 

of ‘Big4’ was introduced; ‘Big4’ refers to four adverse pregnancy outcomes (perinatal 

morbidities) which precede perinatal mortality in 85% of cases (19). ‘Big4’ morbidities 

were defined as the presence (single or combined) of congenital anomalies (list defined), 

preterm birth (<37th week of gestation), small for gestational age (SGA, birthweight 

below the 10th percentile for gestational age (20)) or low Apgar score (<7, 5 minutes 

after birth).

Quality of care
Before the start of the study, described in this thesis, the Dutch trends in maternal 

mortality and morbidity were a reason for great concern. As is shown in table 3, The 

MMR ranged from 8-11% until 2010. It was thought that a high degree of these maternal 

complications resulted from suboptimal or insufficient treatment (21-22). A study of the 

Dutch Committee on Maternal Death reported 96% substandard care in the cases of 

maternal mortality due to HDP (11). Several factors were identified. For instance, in 85% 

of all patients, treatment of severe hypertension was inadequate. Often, the decision to 

start therapy was either made too late or not at all.

Therefore, although pregnancy itself is generally not considered a medical condition, 

pregnancy and delivery inevitably involve health care decisions, which affect maternal 

and neonatal outcomes, as well as costs. It is important that professionals provide high 

quality care and have insight into evidence on clinical effectiveness as well as costs of 

available diagnostic and treatment strategies regarding HDP.
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Table 3. maternal mortality in The Netherlands (23); a = results unknown.

year MMR (total)/number deaths Mortality due to hypertensive disorders (MMR/numbers)
2010 8.5 (15/176.324) 0.6 (1)

2009 8.4 (15/177.521) 2.3 (4)

2008 8.1 (15/184.634) 0

2007 9.3 (16/172.281) 2.9 (5)

2006 10.9 (19/174.995) 2.9 (5)

2005 14.2 (25/176.322) 2.3 (4)

2004 8.3 (15/181.006) 1.1 (2)

2003 9.5 (18/190.053) a

Guidelines, implementation and evaluation

Guidelines

In 2005, a few years before the start of the study, described in this thesis, two evidence-

based clinical practice guidelines (CPGs) on the management of hypertensive disorders 

of pregnancy (24) and chronic hypertension in pregnancy (25) were developed in the 

Netherlands by the NVOG. These guidelines provided an overview of the available 

knowledge including the classification, epidemiology, aetiology, diagnosis, treatment, 

and follow-up of patients with HDP, to guide professionals in delivering high quality 

HDP care.

In general, CPGs are ‘systematically developed statements to assist practitioners 

and patient decision about appropriate healthcare for specific clinical circumstances’ 

(Institutes of Medicine). They may be used to translate medical research and expert 

opinions into recommendations to guide health professionals in their daily practice 

(26). They particularly intend to organize and provide the best available evidence to 

support clinical decision making in order to improve quality of care, patient outcomes 

and cost-effectiveness (27,28). Therefore, guidelines are considered to decrease the gap 

between research and clinical practice and reduce inappropriate variability in practice 

(29). Non-adherence to guidelines may lead to unnecessary diagnostics and suboptimal 

or even inadequate treatment (30). It is estimated that about 30-40% of patients receive 

treatment that is not based on scientific evidence, and 20-25% receive treatments that 

are either not needed or potentially harmful (31-32). However, despite the growing 

number of guidelines, their use in practice is frequently reported as being unpredictable, 

slow and complex (31,33,34). The use of guidelines is partly depending on the quality 

of its content. Although the principles for the development of sound guidelines are 

1
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well established,(35-37) many published guidelines fall short of the basic quality 

criteria identified in two recent studies (38,39). Defining the quality of guidelines is not 

straightforward. In principle a “good” guideline is one that eventually leads to improved 

patient outcome. It needs to be scientifically valid, usable, and reliable. However, this 

evidence is rarely available. Often the best that can be expected is some information 

on whether the guideline producers have attempted to minimise all the biases that can 

occur in the complex process of creating a guideline and how well this is reported.

As the number of published guidelines proliferates, there have been calls for the 

establishment of internationally recognised standards to improve the development and 

reporting of clinical guidelines (38). Moreover, there is a pressing need for internationally 

recognised criteria that are valid, reliable, and useful for various assessment purposes 

in different countries, both for guideline developers and clearing houses as well as 

individual users of guidelines.

In response, an international group of researchers from 13 countries—the Appraisal 

of Guidelines, REsearch and Evaluation (AGREE) Collaboration—has developed and 

validated a generic instrument that can be used to appraise the quality of clinical 

guidelines. The AGREE instrument is designed to assess the process of guideline 

development and how well this process is reported (40).

Guideline implementation and evaluation

The above mentioned Dutch HDP guidelines were distributed and made available online 

via the NVOG. We hypothesized that only dissemination of the 2 guidelines on HDP was 

inadequate to fully implement both guidelines. First of all, it is known that, in general, 

publication and distribution of guidelines is not sufficient to maximize their effect on the 

quality of care, hence active implementation is needed (31,41,42) In addition, the NVOG 

had no general strategy for practical implementation and evaluation of its guidelines. 

At the time of our study, the NVOG had just begun with a policy of structured hospital 

visits in order to evaluate the quality of clinical care. Moreover, results from a previous 

Dutch studies showed a low adherence to other NVOG guidelines, such as the guideline 

on subfertility and intrauterine insemination care (43,44). One study showed a large 

variation in usual care in the different hospitals (43). Finally, the results of the study 

of the Dutch Committee on Maternal Death pointed in the direction of inadequate 

implementation of CPGs. Therefore, in order to reduce maternal complications, we 

deemed it necessary to develop an implementation strategy to improve adherence to 

the guidelines on HDP.
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Grol et al proposed a framework for improving clinical practice by implementing 

CPGs, which includes: 1. analysis of the target setting by measuring current care using 

quality indicators and identifying obstacles to change; 2. linking interventions to needs, 

facilitators, and obstacles to change; 3. development of an implementation strategy; and 

4. evaluation of implementation on effectiveness, feasibility and costs (45,46).

Quality indicators

For assessing guideline adherence, as first step in improving guideline implementation, 

quality indicators are crucial (47). Quality indicators are “measurable elements of practice 

performance for which there is evidence or consensus that they can be used to assess the 

quality of care” (48). Three types of indicators are distinguished based on Donabedian’s 

classification of healthcare i.e. the structure, process and outcome of care (49). Structure 

indicators focus on organisational aspects of service provision, such as the availability 

of diabetes or asthma clinics, appointment or recall systems, equipment, or the skills of 

staff. Process indicators focus on the actual care delivered to and agreed with patients 

as well as communication with patients. Outcome indicators specify the ultimate goal of 

the care provided and can relate either to health status or patient evaluations of care. 

Process indicators are particularly useful to measure guideline adherence. Different 

aspects of care, such as diagnosis, treatment, follow-up and organization of care, should 

be represented in these quality indicators. In this way, improvement needs in the total 

care process can be identified. Outcome indicators are often used to assess if guideline 

adherence indeed has led to better outcomes. At the start of our study, valid sets of 

quality indicators for professional performance and organization were barely available in 

the field of hypertensive disorders of pregnancy. Maternal mortality and morbidity were 

used most often as outcome indicators. Therefore, the development of quality indicators 

based on guidelines regarding hypertensive disorders of pregnancy was necessary, and 

we used these indicators to assess the quality of current care.

Barriers and facilitators

As mentioned above, implementation strategies have to be based on current care 

measured with quality indicators, an assessment of potential barriers to guideline 

implementation, and current knowledge about potentially effective interventions that 

should be tailored to barriers found. (31,45,50-54). In general, the implementation 

of guidelines is a complex process that is hampered by several barriers (55-58). A 

systematic review by Cabana and colleagues that included 76 studies on barriers to 

physician adherence to guidelines, identified a large number of different barriers. The 

authors developed a framework in which these barriers could be classified into three 

main categories: barriers related to physicians’ knowledge (e.g., lack of awareness and 

1
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lack of familiarity), barriers that affect physicians’ attitudes (e.g., lack of agreement and 

lack of motivation) and external barriers (e.g., patient-, guideline- and environment-

related factors) (56). Another, more detailed, framework is the framework of Grol & 

Wensing in which the following categories are distinguished: 1. the guideline itself; 2. 

the professionals who should use the guideline; 3. the patients who have to accept or 

contribute to using the guideline; 4. the social setting (e.g., colleagues of the involved 

professionals); 5. the organization and 6. economic and political aspects (55).

In a pilot-study among gynecologists in 11 different hospitals (university medical 

centers, teaching and non-teaching hospitals), before the start of the study as described 

in this thesis, we explored which barriers at which level were present regarding the 

implementation of the HDP guidelines (data not published). The main barriers proved to 

be at the level of the guideline itself. A poor lay-out of the web-based guideline showed 

the highest score (64%). Doubt about a clear decision tree behind the guideline scored 

also high (57%). Moreover, 50% of the gynecologists had doubts about the accuracy of 

certain parts of the guideline.

Furthermore, 36% of the gynecologists mentioned that ‘the guideline could easily be 

misused in medical disciplinary law’, ‘the content of the guideline was unclear’ and that 

‘there was not enough room to consider patients’ wishes’.

Implementation strategies

Grimshaw et al (59,60) completed a systematic review of 235 studies that evaluated 

guideline dissemination and implementation strategies and concluded that there is 

insufficient evidence to determine which guideline implementation strategies work 

best under which circumstances. There is growing evidence showing that tailored 

interventions are more effective than general interventions (55, 61). It is still difficult 

to develop an implementation strategy after identifying barriers, because evidence on 

the most suitable way to translate the identified barriers into tailored implementation 

strategies is missing (53,55).

Audit and feedback
Original studies and systematic reviews about the effectiveness of different interventions 

to improve clinical practice showed that a widely used strategy for implementing 

guidelines consists of audit and feedback about actual performance. This is based on 

the belief that healthcare professionals are prompted to modify their practice when 

given performance feedback showing that their clinical practice is inconsistent with a 

desirable target (lit).
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The term ‘Audit and feedback’ has been used generally to refer to a heterogeneous group 

of interventions that provide feedback on existing practice to healthcare providers. It 

can be defined as a summary of clinical performance (audit) over a specific period of 

time, and the provision of that summary (feedback) to individual practitioners, teams, 

or healthcare organizations (62).

Audit and Feedback has shown to be effective, although the effect of using audit and 

feedback varies widely across different studies and is generally small to moderate (63). 

The relative effectiveness of audit and feedback is likely to be greater when baseline 

adherence to recommended practice is low and when feedback is delivered more 

intensively (63,64).

Moreover, feedback is often recommended in combination with other strategies (31).

In one systematic review, a major benefit of implementing health information technology 

on increased adherence to guideline-based care was demonstrated, including for 

hypertension (65). Different health information technology systems were reviewed. 

Most of them included a decision support system, and some of them integrated clinical 

guidelines (66).

Computerized decision support
A computerized (clinical) decision support (C(C)DSS) is an information technology to aid 

clinicians and patients in making healthcare decisions, based on patient-specific data 

(67). This is a broad term, and CCDSS comes in many types and functions (68). It can 

be Internet-based, installed on a local (personal) computer or a networked electronic 

health record or function on a handheld device. Bates et al concluded that CCDSS can 

improve the adherence to evidence-based recommendations, by confronting healthcare 

providers with relevant guidelines at the right time (69).

Research in the period of the start of our study demonstrated the potential of 

computerized decision support systems (CDSSs) to assist with problems raised in clinical 

practice, to increase clinician adherence to guidelines, and, ultimately, improve the 

overall efficiency and quality of health care delivery systems (65,70,71).

Hypothesis
At the start of this project, we hypothesized that in case of hypertensive disorders of 

pregnancy an implementation strategy including a CCDSS may lead to higher compliance 

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

and their costs. After all, a CCDSS could be the solution for the main barriers identified; 

1
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for example, regarding lay-out problems and lack of a decision tree behind the HDP 

guidelines. A CCDSS can also be equipped with a facility in which gynecologists can give 

their reasons for possible deviations from the guideline. In this way, a CCDSS is tailored 

to the barriers ‘possible misuse in the medical disciplinary law’ and ‘not enough room 

to consider patients’ wishes’.

If a CCDSS is indeed cost-effective in implementing the HDP guidelines, will be studied 

in this thesis by means of the following question: is a tailored strategy including a CCDSS 

effective and cost-effective compared to a minimal implementation strategy of audit and 

feedback to improve care for pregnant women with a hypertensive disorder?

Outline of this thesis

Chapter 2 contains the study protocol of a Dutch multicenter randomized controlled trial 

assessing the (cost-) effectiveness of two strategies (a tailored strategy including audit 

and feedback combined with a computerized decision support system, and a minimal 

implementation strategy of audit and feedback) to implement the Dutch guidelines on 

hypertensive disorders of pregnancy (the BIG CHANGE trial).

In Chapter 3 we describe the guideline-based development of 14 quality indicators for 

hypertensive disorders of pregnancy.

Chapter 4 contains the results of an appraisal regarding the quality of 6 international 

guidelines on hypertensive disorders of pregnancy, using a validated instrument 

(Appraisal of Guidelines for Research & Evaluation (AGREE) II).

In Chapter 5 we present the results of the BIG CHANGE trial. A cluster randomized 

controlled trial, designed to compare two implementation strategies (an tailored 

implementation strategy, including a computerized decision support system and a 

minimal implementation strategy of audit and feedback) with the aim to improve the 

use of Dutch guidelines on hypertensive disorders of pregnancy and reduce maternal 

and fetal mortality and morbidity.

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

compared with the minimal implementation strategy of audit and feedback evaluated 

in the BIG CHANGE trial.

BNW_Susanne_V1.indd   20BNW_Susanne_V1.indd   20 07-05-20   10:4907-05-20   10:49



21

General introduction

Chapter 7 presents a general discussion of our findings as well as clinical implications 

and recommendations for future research.

The final part of this thesis contains an English and Dutch summary and a list of 

abbreviations.

1
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Abstract

Background: Hypertensive disorders of pregnancy remains the leading cause of 

maternal mortality in the Netherlands. Seventeen percent of the clinical pregnancies are 

complicated by hypertension and 2% by preeclampsia. The Dutch Society of Obstetrics 

and Gynaecology (NVOG) has developed evidence-based guidelines on the management 

of hypertension in pregnancy and chronic hypertension. Previous studies showed a 

low adherence rate to other NVOG guidelines and a large variation in usual care in the 

different hospitals. An explanation is that the NVOG has no general strategy of practical 

implementation and evaluation of its guidelines. The development of an effective and 

cost effective implementation strategy to improve adherence to the guidelines on 

hypertension in pregnancy is needed.

Methods/Design: The objective of this study is to assess the (cost)- effectiveness of an 

innovative implementation strategy of the NVOG guidelines on hypertension including 

a computerised decision support system (CDSS) compared to a common strategy of 

professional audit and feedback. A cluster randomised controlled trial with an economic 

evaluation alongside will be performed. Both pregnant women who develop severe 

hypertension or pre-eclampsia and professionals involved in the care for these women 

will participate. The main outcome measures are a combined rate of major maternal 

complications and process indicators extracted from the guidelines. A total of 472 

patients will be included in both groups. For analysis, descriptive as well as regression 

techniques will be used. A cost effectiveness and cost utility analysis will be performed 

according to the intention to- treat principle and from a societal perspective. Cost 

effectiveness ratios will be calculated using bootstrapping techniques.
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Background

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

pregnancies are complicated by hypertension and 2% by preeclampsia (1-6). Severe 

hypertension and preeclampsia (hypertension and proteinuria) pose an increased risk for 

morbidity and mortality to both the mother and the foetus. Major maternal complications 

(e.g., eclampsia, HELLP (hemolysis, elevated liver enzymes and low platelets) syndrome, 

pulmonary oedema, placental abruption, liver haematoma, severe infectious or 

thrombotic morbidity, encephalopathy) were recently reported in 74 of 216 (34%) Dutch 

pregnant women with severe hypertension or preeclampsia (7-8). The Dutch trends in 

maternal morbidity due to severe hypertension and preeclampsia are currently a reason 

for great concern (9). Hypertensive disorders of pregnancy 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 in pregnancy. The maternal mortality ratio (MMR; deaths 

per 100,000 live births) from hypertensive disease in pregnancy increased from 2.7 in 

1983 to 1992 to 4.0 in 1993 to 2002 (10), a major difference with surrounding countries. 

In the UK, maternal mortality due to hypertensive disease ranks fourth place– with a 

MMR of 0.7 – following thromboembolism, obstetric haemorrhage, and death during 

first trimester (ectopic pregnancies, miscarriage, and termination of pregnancy) (11). It 

is thought that a high degree of these maternal complications results from suboptimal 

or insufficient treatment (12-13). A recent study of the Dutch Committee on Maternal 

Death showed that in 96% of the cases of maternal death due to hypertensive disease 

several factors of substandard care were present. For instance, in 85% of this patient 

group, treatment of severe hypertension was inadequate. In many cases, the decision 

to start therapy was either made too late or not at all (14). Therefore, management of 

hypertension is an important part of care for pregnant women for which improvement 

is necessary.

To support their members, the Dutch Society of Obstetrics and Gynaecology (NVOG) has 

developed evidence-based clinical guidelines on the management of hypertension in 

pregnancy (15) and chronic hypertension in pregnancy (16). However, these guidelines are 

not yet implemented. The NVOG has no general strategy of practical implementation and 

evaluation of its guidelines, and has only just begun with a policy of hospital visitations 

in order to improve quality of clinical care. In order to reduce maternal complications, 

an implementation strategy to improve adherence to the guidelines on hypertension 

in pregnancy is necessary.

2
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Original studies and systematic reviews about the effectiveness of different interventions 

to change clinical practice show that a widely used strategy for implementing guidelines 

consists of audit and feedback about actual performance. This strategy has shown to 

be effective, but feedback is often recommended in combination with other strategies 

(17). In a recent systematic review, a major benefit of implementing health information 

technology on increased adherence to guideline-based care was demonstrated, including 

hypertension (18). Different health information technology systems were reviewed. 

Most of them included a decision support system, and some of them integrated 

clinical guidelines (19). In case of hypertension in pregnancy, an implementation 

strategy including a computerised decision support system (CDSS) may lead to a higher 

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

complications and their costs. This will be tested in this study.

It is expected that an increased adherence to the guidelines’ recommendations will 

reduce the number of major maternal complications. By reducing the number of 

major maternal complications, we expect a reduction in health care costs (e.g., costs of 

hospitalisation, medication), costs in other sectors, patient and family costs, and costs 

of production losses (20). Estimating the size of this cost reduction is an essential part 

of this study.

Objectives
The objective of this study is to assess the effectiveness and cost effectiveness of an 

innovative implementation strategy of the NVOG guidelines on hypertension, including a 

computerised decision support system compared to a common strategy of professional 

audit and feedback.

The research questions are:

1. To what extent is an innovative strategy using a computerised decision support 

system cost effective compared to a common strategy of professional audit 

and feedback in implementing the NVOG guidelines on hypertensive disorders 

of pregnancy?

2. What is the feasibility of the two implementation strategies?

3. What is the cost effectiveness of the two strategies to implement the guidelines 

on hypertension in pregnancy in clinical practice?
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Methods/Design

Study design
A cluster randomised controlled trial with an economic evaluation alongside will be 

performed. The chosen implementation strategies are:

1. A common strategy consisting of professional audit and feedback.

2. An innovative strategy including a CDSS and professional audit and feedback.

Preparation
The first part of the study consists of the development of a set of quality indicators 

extracted from the NVOG guidelines on hypertensive disorders of pregnancy. The 

indicator development will be performed according to the RAND modified Delphi method 

(21). First, key recommendations from the guidelines will be extracted by two or three 

experts (project leaders). Subsequently, the relevance of all key recommendations for 

patient’s health benefit (clinical relevance) and efficacy will be tested in two rounds 

among an independent panel of 12 to 15 experts. The opinion leaders of clinical 

obstetrics, in particular regarding hypertension in pregnancy, as well as members of the 

NVOG committees on maternal death, guidelines, implementation and quality, quality of 

care experts, and patients’ organisation Stichting HELLP are involved in this expert panel. 

The key recommendations with the highest scores will be selected and operationalised 

in measurable elements (process indicators). Based on this set of quality indicators, 

the CDSS for the guidelines on hypertension in pregnancy will be further developed. 

Moreover, measurement instruments will be developed and the participating hospitals 

will be informed about the study.

Ethical approval was granted June 12th 2008, reference number 2008/138.

Pilot study
The innovative strategy will be tested in one of the non-participating hospitals to explore 

its feasibility.

Implementation study
An effect and process evaluation will be performed. An effect evaluation of the two 

strategies will be carried out using the primary and secondary outcome measures. This 

will be done among pregnant women who develop severe hypertension or preeclampsia 

and professionals involved in the care for these women. The measurements will be 

performed in 20 participating hospitals before and after implementation of the different 

strategies by a medical record search, added with questionnaires among professionals 

2
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and patients. The medical record search will be done using standardised registration 

forms. Follow-up of the patients will be six months after delivery.

A process evaluation will be performed to study the feasibility of the two strategies. The 

extent by which clinicians, nurses, and patients used the CDSS and the other elements 

of the strategies (audit and feedback) and their experiences with these elements will be 

measured. The process information regarding to what extent professionals used the 

CDSS will be collected by the application itself. The system will register relevant data of 

participating professionals and their patients. This will allow us to analyse the relation 

between the use of the CDSS and the primary and secondary outcome measures. To 

measure the experiences with the CDSS and the other elements of the two strategies, 

personal interviews will be held among 10 to 15 gynaecologists, nurses, and patients. 

This will provide insights into possible barriers and facilitators for and satisfaction with 

using a CDSS. The possible barriers and facilitators will be quantified with questionnaires 

among all participating professionals and patients. For analysis, descriptive as well as 

regression techniques will be used. A cost effectiveness and cost utility analyses will be 

performed according to the intention to- treat principle and from a societal perspective. 

Cost effectiveness ratios will be calculated using bootstrapping techniques (see economic 

evaluation).

Participants
Gynecologists of 16 Dutch hospitals (academic, teaching and non-teaching) will be invited 

for participation. Pregnant women who develop severe hypertension or preeclampsia (in 

accordance to guidelines definitions) in these hospitals will be included. It appears from 

Dutch data that immigrants are at increased risk for preeclampsia (22). This is the reason 

why patient characteristics like age, race, and cultural background will be included in a 

multilevel analysis. Exclusion criteria are refusal to participate or a diagnosis of lethal 

fetal congenital abnormalities.

This study will be conducted within the framework of the Otterlo group (a NVOG working 

group that develops obstetrical guidelines). Representatives of eight academic hospitals 

and two large teaching hospitals participate in this group. Representatives of another 10 

related hospitals will be invited to participate. These hospitals are currently collaborating 

in the Dutch Perinatal Research Consortium http://www.studies-obsgyn.nl/index.asp.

Interventions
Innovative strategy including a computerised decision support system. We performed 

a pilot-study to make an inventory of the barriers and facilitators for adherence to the 
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guidelines on hypertension in pregnancy. Barriers can arise at different stages in the 

healthcare system at the level of the individual professional (i.e. lack of knowledge or 

skills, resistance against working with protocols); of the healthcare team (i.e. lack of 

knowledge or skills, insufficient collaboration); of the patient (i.e. unwillingness, difficult 

guideline adherence for some patient groups); of the healthcare organisation (i.e. lack of 

registration/information systems, time restriction for adequate care); and of the wider 

environment (i.e. lack of financial incentives, misuse of guideline in medical disciplinary 

law) (20). Barriers can also arise at the level of the innovation (guideline) itself (i.e., 

doubting evidence of the guideline, poor layout, unclear decision tree, unclear content). 

In a pre-study among 14 gynaecologists in 11 different hospitals (university medical 

centres, teaching and non-teaching hospitals), we determined which barriers at which 

level were present regarding the implementation of the guidelines on hypertension in 

pregnancy. The main barriers proved to be at the level of the guideline itself. A poor 

layout to use the guideline showed the highest score (64%). Doubt about a clear decision 

tree behind the guideline scored also high (57%). Furthermore, 36% of the gynaecologists 

mentioned that ‘the guideline could easy be misused in medical disciplinary law,’ ‘the 

content of the guideline was unclear,’ and that ‘there was not enough room to consider 

patient’s wishes.’ Moreover, 50% of the gynaecologists doubted about the accuracy 

of certain parts of the guideline. The implementation strategy will be based on these 

barriers and facilitators. We will use a computerised decision support system, which is 

a commercial web application developed by Giant-Soft in Leeuwarden, the Netherlands. 

A similar system has been tested and evaluated using another clinical guideline. The 

system appeared feasible in clinical practice: most users (95%; 34 of 36) were satisfied 

with its use and 78% (28 of 36) would prefer to maintain and extend the application to 

other guidelines (23-24). In our opinion, a CDSS can be a solution for the main barriers 

regarding layout of, and decision tree behind, the guideline. In this way, the CDSS is 

tailored to the barriers ‘possible misuse in the medical disciplinary law’ and ‘not enough 

room to consider patients’ wishes.’

Control intervention
The control intervention will consist of professional audit and feedback only. We will 

perform a retrospective medical record search (audit) for patients with preeclampsia

in the 20 hospitals, university hospitals, teaching and non-teaching hospitals. These 

records will be checked for the extent of adherence to the quality indicators developed 

from the guideline Hypertensive Disorders of Pregnancy. Feedback about the results of 

the audits will be given in a face-to-face meeting.

2
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Outcome measures

Primary outcome

The primary outcome measure for the evaluation of the effectiveness of both strategies 

is a combined rate of major maternal complications (maternal death, organ specific 

complications of hypertension, HELLP syndrome, placental abruption).

Secondary outcomes

Secondary outcome measures for effectiveness are guidelines’ adherence rates, fetal 

death rates, Caesarean delivery rates, and rates of neonatal mortality and morbidity. 

To measure guidelines’ adherence rates, process indicators will be established after 

selection of key recommendations with the highest scores in the RAND modified Delphi 

method. In the process evaluation, experiences with the implementation strategies are 

measured. This includes both parameters regarding the participation and presence of 

the professionals at the feedback meeting and patients in the implementation activities; 

in particular, the use of the CDSS application at patient level as parameters regarding 

their satisfaction with BOS and the other implementation activities and their meaning 

about the feasibility (barriers and facilitators) of these activities.

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

or preeclampsia was reported as 34% (7-8). In 96% of cases of maternal death, care 

was suboptimal with insufficient treatment of hypertension in about half of these (14). 

It is expected that an increased adherence to the guidelines’ recommendations will 

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

Considering an intracluster correlation of 0.05, 20 hospitals will have to be included 

with approximately 20 patients each in order to get a reliable estimate (alpha = 0.05; 

power = 0.80) of a 50%-difference (34 versus 17%) in major maternal complications 

between both groups. If it is assumed that 15% of participants will drop out or be lost 

to follow up, 472 eligible women will have to be included. It also is assumed that the 

total number of deliveries in the participating hospitals is 30,000 (during 18 months of 

inclusion in 20 hospitals) and the incidence of severe hypertension and preeclampsia is 

2%. It is estimated that the source population consists of 600 eligible women. Thus, the 

expected number of inclusions per month will be 33 in 20 hospitals, i.e., one or two per 

hospital. The minimum required number of inclusions for randomisation per month is 

26 [see figure 1 for flowchart].
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Fig. 1. Flowchart randomisation and inclusion 
 

Figure 1. Flowchart randomisation and inclusion

Data analysis
To analyse the effectiveness of the two implementation strategies with regard to the 

primary and secondary outcomes and process indicators, descriptive as well as

regression techniques will be used. The analysis will include an elementary head-to-

head comparison of the two intervention groups, as well as a multi-level analysis. The 

latter will incorporate the levels of gynaecologist, patient, and time measurements. 

The process information regarding to what extent professionals used the CDSS will 

allow us to analyse the relation between the use of the CDSS and the primary and 

secondary outcome measures. Process information will also give us insight into the 

experiences of the participants (both satisfaction and feasibility) with the CDSS and the 

other implementation activities.

2
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Economic evaluation
The economic evaluation (cost effectiveness and cost utility analysis) will be performed 

according to the intention-to-treat principle and from a societal perspective. Healthcare 

costs (costs of hospitalisation, medication), costs in other sectors, patient and family 

costs, and costs of production losses are included. Quality adjusted life years (QALYs) 

are used as the main health outcome measure for the cost-utility analysis. Incremental 

cost effectiveness ratios (ICER) will be estimated using bootstrapping techniques and 

graphically presented on cost effectiveness planes. Sensitivity analysis on the most 

important assumptions will be performed in order to assess the robustness of the 

results. QALYs will be calculated as the area under the health utility profile, with straight-

line interpolation between utilities at each follow up. Utilities will be obtained using the 

EuroQol (EQ-5D) instrument. Health states will be estimated using reference values from 

a representative Dutch sample. ICER will be estimated using bootstrapping techniques 

and graphically presented on cost effectiveness planes. Sensitivity analysis on the most 

important assumptions will be performed in order to assess the robustness of the 

results. The input of the implementation strategies will be assessed by collecting volumes 

of consumed resources and multiplying these by the price of each resource unit (market 

or guideline price). The output of the implementation strategies will be determined 

by the guidelines adoption rate, measured at fixed intervals during the study and the 

speed of adoption. Welfare losses will be determined by empirically established diffusion 

curves (one diffusion curve per strategy) and quantified by calculating the welfare change 

(monetarized variation in indicators/benchmarks compared to guideline) at the different 

time intervals adjusted for the complement of the adoption rate at a particular time 

interval. The decision criterion on which the efficient implementation strategy will be 

selected is the minimum welfare loss compared to the guideline programme over time 

(dynamic efficiency). The impact of variable(s) uncertainty on the decision criterion will 

be evaluated by sensitivity analyses.

Discussion

This study addresses an important problem, because hypertensive disorders of 

pregnancy are the main cause of maternal mortality in the Netherlands and analysis of 

these deaths suggests 96% received substandard care. This indicates that there is room 

for improvement of the management of care for this group of pregnant women (14). 

Clinical guidelines aim to promote evidence-based practice, improve patient outcome, 

and allow more efficient use of resources (25). In a previous study of the NVOG guideline 

on intra-uterine insemination, yet to be publicised, it was demonstrated that there was 
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a favourable cost effectiveness ratio regarding adherence to the main indicators of 

that guideline. Similar results are assumed for the NVOG guidelines on hypertension in 

pregnancy and chronic hypertension.

This study will also allow us to ascertain which elements of a multifaceted strategy can be 

particularly associated with successful implementation of the guidelines on hypertension 

in pregnancy in the hospital setting. The results of our study can contribute to more 

knowledge about the effectiveness of a health information technology intervention on 

guideline implementation. 2
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Abstract

Objective: hypertensive disorders of pregnancy are one of the main causes of maternal 

morbidity and mortality. Internationally, several organizations have developed clinical 

guidelines to assist professionals and to supply patients with the best possible care. 

To improve the care for this group of patients, insight into the application of clinical 

guidelines in daily practice is needed. Valid quality indicators are necessary to estimate 

actual guideline adherence. In this study, we developed a set of valid guideline based 

quality indicators for hypertensive diseases of pregnancy. Methods: A systematic 

RAND-modified Delphi method was used to develop a set of quality indicators based on 

evidence-based guidelines and literature, about hypertension and pregnancy. Experts’ 

opinions were used to select the indicators regarding specific criteria such as efficacy, 

level of health gain and potential for care improvement. Results: a representative set of 

14 quality indicators was selected from 48 initial guideline recommendations. Indicators 

concerned both professional performance and organisation of care for patients with 

hypertension in pregnancy. Conclusion: this study describes the systematic, stepwise 

method used to develop quality indicators that can be used to monitor care for 

hypertensive diseases of pregnancy.
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Introduction

Hypertensive disorders of pregnancy (HDP) are one of the main causes of maternal 

mortality and morbidity leading to 10-15 % of maternal deaths especially in the 

developing areas of the world, but also in western countries like The Netherlands 

and the United Kingdom. Worldwide an estimated 4.2 million women are affected by 

preeclampsia each year and an annual 60,000 maternal deaths are attributed to the 

disorder. Main cause of maternal death due to hypertensive disease is intracranial 

haemorrhage (1-4). According to the latest classification system described by the 

National High Blood Pressure Education Working Group, there are five classes of 

hypertensive disorders of pregnancy: chronic hypertension, gestational hypertension, 

preeclampsia, eclampsia and preeclampsia superimposed on chronic hypertension 

(5). International studies have shown that appropriate and timely therapy may reduce 

maternal mortality (2,3,6,7). Optimal organisation of care for patients with hypertensive 

disorders of pregnancy should be strived to supply them with the best possible care 

and a minimum of complications at minimal costs. To help physicians optimise care for 

these patients clinical guidelines were issued by several large professional organizations. 

These include the National Institute for Health and Clinical Excellence (NICE) in the United 

Kingdom (8), the National Guideline Clearinghouse in the United States of America (9), 

the Society of Obstetricians and Gynaecologists of Canada (SOGC) (10) and the Dutch 

Society of Obstetrics and Gynaecology (NVOG) (11-12). Guidelines provide clinicians 

with information regarding optimal health care, and aim at increasing the efficiency 

of care and reducing variation in performance between different professionals and 

hospitals. Adherence to these guidelines will increase the use of necessary diagnostics 

and treatment and may reduce the number of complications. However, optimal 

guideline adherence is not automatically the result of publication and dissemination 

of guidelines (13). Most guidelines need to be implemented actively. The first step to 

implement guidelines and improve adherence is to gain insight into the application 

of clinical guidelines in daily practice, i.e. the ‘actual’ care. To assess this, valid quality 

indicators are necessary to estimate such quality of care (14). Quality indicators are 

defined as measurable elements of practice performance for which there is evidence on 

consensus that they can be used to assess the quality of care (15). Standardized methods 

area available to develop valid guideline based indicators for several clinical problems 

(16,17). At present, no valid indicators are available to measure performance related to 

hypertensive disorders of pregnancy. In our study therefore we aimed to develop a set 

of quality indicators covering all aspects of care for patients with hypertensive disorders 

of pregnancy, as a first step to improve this care.

3
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Materials and Methods

Setting
A systematic RAND-modified Delphi method (18-20), 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 (11,12). 

These guidelines were systematically developed according to the national standards 

and issued in 2005. The invited expert panel consisted of a representative diversity 

of Dutch clinical experts and guideline users, N=15 (19), working at various types of 

clinics ranging from small regional hospitals to tertiary university clinics. Among them 

were gynaecologists, gynaecologists 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.

Procedure for indicator development
The procedure for quality indicator development consisted of five steps, which were 

completed consecutively as shown in figure 1. (I) selection of guideline recommendations, 

(II) written questionnaire round, (III) consensus meeting, (IV) critical evaluation and (V) 

consultation with guideline developers.

Step I: Selection of recommendations

First, three authors (SL, RH and CG) separately selected all recommendations from 

the two NVOG guidelines (step I). Furthermore, literature was checked for additional 

recommendations. The extracted recommendations were edited in a questionnaire for 

the expert panel method (see step II).

Step II: Written questionnaire round

Questionnaires including the extracted recommendations were sent to 15 experts. The 

questionnaires were built in three sections: one with recommendations concerning 

‘professional performance’, one with recommendations concerning ‘organisation of care’ 

(both for patients with hypertensive disorders in pregnancy) and one with additional 

recommendations for patients with chronic hypertension in pregnancy. We chose a 

separate section for recommendations concerning ‘chronic hypertension’ because these 

patients are in need of additional care on some areas above patients with for instance 

gestational hypertension. These additional needs were described in a separate guideline. 

Experts were asked to score the key recommendations on relevancy for assessment 
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of the quality of care on a nine-point Likert scale ranging from 1 (hardly relevant) to 9 

(extremely relevant), in particular with respect to their impact on both ‘patient’s health 

gain’ and ‘overall efficacy’. Moreover, the experts were asked to provide for each section 

of the questionnaire a top-five ranking of recommendations they considered ‘most 

important’ and ‘representative’ to assess the quality of care. They were also offered an 

opportunity to provide comments and suggest additional recommendations. First, we 

analysed the data from the returned questionnaires and calculated median scores for 

‘health gain’ and ‘overall efficacy’ for each recommendation.

The selected recommendations were rated as valid if they matched the criterion 

described by Campbell (21): an overall median score of 8 or 9. To rate a recommendation 

as valid, there also had to be ‘agreement’ between the ratings of the independent 

panellists.

Agreement was defined as 75% or more ratings within a panel being in the lowest tertile 

(1, 2, 3) or the highest tertile (7, 8, 9), so that items that were mainly in the unequivocal 

tertile (4, 5, 6) were excluded. Second, we scored the recommendations rated valid by 

means of the Campbell criteria by awarding them points according to the experts’ top-five 

ranking. For each number one ranking by an expert, we awarded a recommendation 5 

points, for each number-two ranking, we awarded 4 points and so on. This way, extracted 

recommendations were ordered in groups of high, low or uncertain potential to measure 

quality of care according to media ratings and prioritizations. Next, a consensus meeting 

(step III) took place with these listings as feedback.

Step III: Consensus meeting

All participants in the questionnaire round were invited to participate in a consensus 

meeting, to discuss the results of step II. Each panel member received a personalized 

feedback report with individual and group results (median rating and prioritization) per 

recommendation at the start of this meeting. During the meeting, recommendations with 

high potential were discussed for acceptance and recommendations with low potential 

for rejection. In case of uncertain potential, it was discussed whether revisions were 

necessary for acceptance. Hypertensive disorders of pregnancy are one of the main 

causes of maternal morbidity and mortality. Internationally, several organizations have 

developed clinical guidelines to assist professionals and to supply patients with the best 

possible care. To improve the care for this group of patients, insight into the application 

of clinical guidelines in daily practice is needed. Valid quality indicators are necessary to 

estimate actual guideline adherence. In this study, We developed a set of valid guideline-

based quality indicators for hypertensive diseases in pregnancy.

3
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Step IV: Critical evaluation

Three authors (SL, MW and RH) critically evaluated the set, agreed by the experts in step 

IV. The recommendations were appraised with regard to both ‘improvement potential’ 

and ‘applicability’ after operationalization for the clinical setting.

Step V: Consultation with guideline developers

As a fifth and final step, the final set of quality indicators was sent for feedback to the 

15 experts who had participated in the development of the guidelines. They were asked 

whether the set indeed was representative for the guidelines.

Results

The results of the different steps are shown in fig.1.

Step I

Altogether 39 recommendations from the NVOG guideline ‘Hypertensive disorders in 

pregnancy’ and 9 recommendations from the NVOG guideline ‘Chronic hypertension in 

pregnancy’ were extracted. This resulted in 48 recommendations for appraisal by the 

experts.

Step II

Initially, 15 questionnaires were sent to the experts, of which 12 (80%) were returned 

fully completed. On account of the previously mentioned Campbell criteria and the top 

five ranking the panel rated 17 recommendations with high potential to use as quality 

indicators, 6 with uncertain potential, and 22 with low potential. No new items were 

suggested.

Step III

Six experts attended the consensus meeting: all gynaecologists, one of them was a 

member of the Dutch Maternal Mortality Committee. They discussed the results of the 

feedback report and ultimately accepted 14 recommendations for the measurement of 

the quality of care for hypertensive disorders of pregnancy.

Step IV

Critical evaluation of the 14 recommendations did not result in the exclusion of any of the 

items. A semi-final set of 14 recommendations was offered to the guideline developers 

and the expert-panel for approval.
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Step V

All guideline developers approved the set of 14 recommendations, which was thus 

finalized. The 14 key recommendations were transcribed into 14 quality indicators, 11 

of which were process and 3 were structure indicators. The 14 quality indicators are 

shown in table 1.

 Figure 2. A stepwise RAND-modified Delphi method to develop quality indicators for care for 
patients with hypertensive disorders in pregnancy.

3
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Table 1. Final set of key recommendations

Key recommendations Type of indicator
Gestational hypertension

- The physician needs to perform urine examination for proteinuria 
when a patient is diagnosed with gestational hypertension

- The physician needs to perform laboratory examination: hemoglobin, 
hematocrit, creatinine, platelets, lactatedehydrogenase (LDH), and 
alanine aminotransferase (ALAT) in case a patient presents with 
subjective symptoms of preeclampsia, in case of proteinuria or severe 
(gestational) hypertension

- Patients with moderate-severe gestational hypertension need to be 
informed by their physician about the possibility of acute worsening 
of the disorder and the necessity to contact their physician when 
experiencing symptoms

Process

Process

Process

Preeclampsia
- Systolic blood pressure ≥ 170 mmHg and/or diastolic blood pressure ≥ 

110 mmHg in a patient with gestational hypertension or preeclampsia 
needs to be treated medicamentally

- Target values for the systolic blood pressure are 140-160 and 90-105 
mmHg for the diastolic blood pressure in patients with preeclampsia

Process

Process

Severe preeclampsia and eclampsia
- Treatment of patients with severe preeclampsia needs to be a clinical 

one
- Patients with severe preeclampsia need to be adequately stabilized 

before intervention (transport to tertiary care center and/or delivery). 
Treatment exists of magnesium sulphate and/or antihypertensive 
drugs, depending on the blood pressure

- When improvement fails to occur or deterioration occurs with patients 
with severe preeclampsia, the physician needs to terminate the 
pregnancy

- The physician needs to start magnesium sulphate when a patient has 
symptoms of severe preeclampsia

- First treatment to prevent eclampsia needs to exist of magnesium 
sulphate

Process

Process

Process

Process

Process

Chronic hypertension
- Methyldopa or a β-blocker should be first choice when a patient needs 

to start antihypertensive drugs in the first trimester of the pregnancy
Process

Organizational requirements for good clinical care
- Every hospital should have a (local) protocol for treatment of patients 

with gestational hypertension, preeclampsia or HELLP
- The hospital needs to have a regional consent concerning consultation 

or transportation to a perinatal center for patients with severe 
preeclampsia before 32 weeks gestation or severe maternal morbidity

- Antenatal, intrapartum and postpartum care for patients with chronic 
hypertension should be provided by gynecologists

Structure

Structure

Structure
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Discussion

We have described for the first time a systematic procedure of developing a complete 

set of process and structure indicators to monitor care for patients with hypertensive 

disorders of pregnancy.

Process indicators assess the process of care and reveal exactly where changes can be 

made, while structure indicators provide us with the framework to do so. Therefore, 

process and structure indicators are more valuable in quality improvement programmes 

because, unlike outcome measures, they offer a concrete starting point for improvement. 

The fact that the quality indicators in our set refer mainly to the process of care, a few to 

structure and none to outcome, reflects the ratios of these types of recommendations 

in the two guidelines. The lack of evidence for the best outcome measures in clinical 

care explains the absence of outcome related recommendations in guidelines that are 

typically both consensus- and evidence-based.

Nevertheless, outcome indicators are the mean criterion used for judging professionals 

and hospitals in daily practice. On the other hand, they have the disadvantage of being 

sensitive to case mix and the methods of data collection (21-22). In addition, they may 

bias our judgement of the quality of care provided, because good outcomes do not 

necessarily mean that care was delivered well.

There are some methodology limitations that could be considered with respect to 

our final set. Comparable RAND-modified Delphi techniques have proved effective in 

several indicator development initiatives (6,7,23). However, the limitations and validity 

of such procedures have been questioned regularly (24). In particular, the accuracy and 

validity is suggested to depend on several expert characteristics (25). Questions may 

arise about whether the group of experts is heterogeneous enough. We think, that the 

participation of university and non-university based professionals as well as MMC and 

patient representatives in our expert panel does reflect the country’s overall level of 

expertise. A consensus-based-panel approach has the advantage of directly involving 

the target group of professionals in the procedure. By obtaining their consent during 

the selection process, we founded a substantial supporting base for our set of quality 

indicators, and consequently, for any national measurement programme or guideline-

implementation strategy that may follow.

The systematic approach, the use of evidence-based guidelines and the panel 

composition underline how face and content validity are accounted for in this study. 

3

BNW_Susanne_V1.indd   49BNW_Susanne_V1.indd   49 07-05-20   10:4907-05-20   10:49



50

Chapter 3

However, content validity alone is not enough to entitle indicators as valid. It is also 

important to submit the indicators to a practice test to properly assess characteristics 

as measurability, feasibility, reliability and improvement potential. Furthermore, efforts 

should be made to try to relate indicator scores to outcome measures in order to assess 

the clinical importance of the separate quality indicators.

This study took place within the framework of the Dutch obstetrics guidelines. This 

suggests that the selected indicators could be particularly valuable in the Dutch situation 

and less suitable internationally. However, when we compare the previously mentioned 

Canadian, British and American guidelines to the Dutch guidelines on hypertensive 

disorders of pregnancy, there are minimal differences in recommendations regarding 

diagnosis and treatment of these patients. This implies that these indicators could 

be used internationally. In conclusion, we have described a systematic procedure 

of developing a complete set of process and structure indicators based on national 

guidelines regarding hypertensive disorders of pregnancy. These 14 quality indicators 

can be used to monitor care for these patients internationally. It is the first step toward 

better adherence to the guidelines and optimizing the quality of care.
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Abstract

International collaboration could facilitate systematic development of guidelines to 

regulate and improve clinical practice. Insight into existing international guidelines 

regarding hypertensive disorders of pregnancy (HDP) is essential. Aim was to evaluate 

the content and quality of international clinical guidelines on HDP. Quality was assessed 

with the internationally validated Appraisal of Guidelines for Research and Evaluation 

(AGREE II) Instrument. Six guidelines were identified. Quality was moderate to high. 

Major flaws were applicability, editorial independence and stakeholder involvement. 

Recommendations differed considerably, particularly their extensiveness. The number 

of international HDP guidelines is small and the extensiveness of their recommendations 

varies considerably.
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Introduction

Worldwide, hypertensive disorders of pregnancy (HDP) are one of the main causes 

of maternal mortality and morbidity (1). A recent Dutch study showed that in 96% of 

the cases of maternal death due to hypertensive disease care was substandard (2). 

Management of hypertension is an important part of care for pregnant women for which 

improvement is necessary. Clinical guidelines can assist healthcare professionals and 

patients in the decision-making process regarding appropriate, safe and cost-effective 

care and so improve the quality of HDP care (3,4). The development of high quality 

guidelines requires specific expertise and considerable resources (5). International 

collaboration offers opportunities for sharing some elements of the expensive and 

time-consuming process of guideline development (6,7). To promote international 

collaboration in guideline development activities in HDP, insight into existing HDP 

guidelines in different countries is essential, including guideline quality. Therefore, we 

conducted a review of the quality and content of international guidelines for HDP.

Materials and methods

Selection of guidelines

First, we searched Medline and PubMed up to November 2011 for HDP guidelines 

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

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

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

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

the 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. Searches were limited to English and Dutch literature. The first 

author performed the search strategy; two authors selected the relevant guidelines 

independently. Disagreements were resolved through consensus.

Methodological quality

To evaluate the methodological quality of the selected HDP 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), 

4
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stakeholder involvement (three items), rigor of development (eight items), clarity and 

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

items) (8-11).

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.

We calculated six domain scores for each guideline by adding up the scores of the 

individual items in a domain given by the appraisers and standardizing the total as a 

percentage of the maximum possible score for that domain (range 0–100%). The final 

step in guideline appraisal involved an overall judgment about the usefulness of each 

guideline. The overall assessment was scored on a three-point categorical scale [strongly 

recommended, recommended (with provisos or alterations), and not recommended.

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.

Results

Selection of guidelines

We included six HDP guidelines, one each from Australia and New Zealand, Canada, 

England and Wales, The Netherlands, Scotland and the United States. All guidelines were 

peer-reviewed publications and in their respective language available on the Internet 

(Table 1). Governmental agencies produced the HDP guidelines from England and Wales, 

whereas the Australian and New Zealand, Canadian, Dutch, Scottish and American HDP 

guidelines were developed by national professional organizations.

Methodological quality

The results of appraisal of the methodological quality are summarized in Table 2.

Only the HDP guideline from England and Wales was strongly recommended for use 

in daily healthcare practice. It rated high on the majority of AGREE II criteria, and the 

domain scores varied between 77.1 and 100 %. The other five guidelines could be 
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recommended for use in practice if alterations are made to overcome their particular 

flaws. All guidelines scored high on the clarity and presentation, but several flaws in 

the methodological quality of the HDP guidelines were identified. It was unclear in the 

Australian, American, Canadian and Dutch guidelines whether patients participated in 

guideline development, causing low domain scores for stakeholder involvement. With 

regard to the domain ‘rigor of development’, systems to grade the quality of evidence and 

the strength of recommendations were used to develop the HDP guidelines from Canada, 

United States, Scotland, The Netherlands and England and Wales. Each recommendation 

in these guidelines was based on the best evidence available, graded according to the 

strength of the underlying evidence and explicitly linked to the supporting evidence. 

Recommendations in the Australian guidelines were not graded according to the strength 

of the underlying evidence. However, neither the criteria for selecting evidence nor the 

methods used to formulate the recommendations were explicitly described in the Dutch 

HDP guidelines, lowering domain scores for the rigor of development.

None of the HDP guidelines from the United States, Australia, Scotland and the 

Netherlands considered cost implications of applying the recommendations, resulting in 

low domain scores for applicability. Finally, the Canadian, American, Australian, Scottish 

and Dutch HDP guidelines failed to mention whether the funding body influenced 

guideline development. Also, the Canadian, Australian, American, Scottish and Dutch 

guidelines did not mention whether members of the guideline development group had 

conflicts of interest, causing poor domain scores for editorial independence.

Guideline content

The HDP guidelines differed in the number and extensiveness of key recommendations. 

The Dutch HDP guidelines comprised of a limited set of evidence-based recommendations, 

whereas the HDP guidelines from England and Wales, Scotland and Canada included 

considerably more and more extensive recommendations. For example, the HDP 

guideline from The Netherlands included only 11 recommendations, while the Canadian 

HDP guideline 25 recommendations. The Canadian guideline covered several topics 

that were outside the scope of the HDP guideline from The Netherlands, for instance, 

recommendations concerning treatment post-partum and care beyond 6 weeks post-

partum, influence of life style changes during pregnancy and anesthesia.

The recommendations of the HDP guideline from England and Wales with the best 

methodological quality varied considerably in content or extensiveness from the 

recommendations of the other HDP guidelines (Table 3). Main differences were advice 

on use of medication and breastfeeding, intrapartum care and description about 

cardiovascular risks further along in life.

4
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References

The content of the guidelines were based on a variable number of references. The total 

number of references in the selected HDP guidelines ranged between 73 and 397. The 

majority of references in all HDP guidelines were from the US, UK and Canada. A notable 

percentage of the references used, were from national literature (Table 4).

Table 3. Characteristics of references in HDP guidelines from Canada, England and Wales, United 
States of America, Australia and New Zealand, Scotland and The Netherlands.

Guideline 
references

Australia 
and New 
Zealand

Canada England 
and Wales The Netherlands Scotland

United 
States of 
America

Total number of 
references

161 397 277 73 102 63

Number of 
references 
published after 
2000 (%)

81 (50.3) 209 
(51.9)

167 (60.3) 33 (45.2) 28 (27.5) 3 (4.8)

Origin of 
references a

References from 
own country (%)

32 (19.9) 65 16.4) 83 (30.0) 15 (20.5) 6 (5.9) 47 (74.6)

Top 3 references 
from other 
countries (%)

USA 44 
(27.3)

USA 123 
(31.0)

USA 58 
(20.9)

USA 20 (27.4) USA 34 
(33.3)

Eng 4 (6.3)

Eng 40 
(24.8)

Eng 74 
(18.6)

Aus 18 
(6.5)

Eng 12 (16.3) Eng 30 
(29.4)

Aus 3 (4.8)

Can 9 
(5.6)

Can 65 
(16.4)

Can 13 
(4.7)

South Africa 5 
(6.8)

Aus 8 
(7.8)

South 
Africa 2 
(3.2)

South 
Africa 9 
(5.6)

Norway 5 (6.8) Canada 2 
(3.2)

a Origin of first author of cited study.
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Table 4. Comparison of recommendations of the hypertensive disorder in pregnancy (HDP) 
guideline from England and Wales (n=10) with recommendations of HDP guidelines from Scotland, 
United States, Australia and New Zealand and The Netherlands.

Recommendation 
topics

Australia and 
New Zealand Canada The Netherlands Scotland United States 

of America
Reducing the risk of 
hypertensive disorders 
in pregnancy

+ + + + +

Management of 
pregnancy with chronic 
pregnancy

+ + + + -

Assessment of 
proteinuria in 
hypertensive disorders 
of pregnancy

+ + + + -

Management 
of pregnancy 
with gestational 
hypertension

+ + + + +

Management of 
pregnancy with pre-
eclampsia

+ + + + +

Fetal monitoring + + + + -

Intrapartum care - + - - -

Medical management 
of severe hypertension 
or severe pre-
eclampsia in a critical 
setting

+ + + + +

Breastfeeding + + - - -

Advice and follow-up 
care at transfer to 
community care

+ + + - -

Discussion

This is the first study to provide insight into the quality and content of HDP guidelines 

worldwide. Only one other study has been done previously, but it was done to compare the 

quantity and quality of intrauterine insemination guidelines in Europe¹². National clinical 

practice guidelines on HDP are currently only available in six countries worldwide. The 

methodological quality of the HDP guidelines is moderate to high. The recommendations 

and references of these guidelines differ considerably. Overall, one guideline is strongly 

recommended, the others are recommended with adaptations. Despite the overall 

4
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moderate-to-high methodological quality of HDP guidelines worldwide, some striking 

flaws in methodological quality were identified with the AGREE II Instrument. When 

interpreting these flaws, we must keep in mind that the perspectives on optimal methods 

for guideline development changed over time (5). Internationally recognized standards 

for development and reporting of clinical practice guidelines were established in 2003 

by the AGREE Collaboration. Therefore, flaws in the methodological quality of the HDP 

guidelines may result from the use of different methods for guideline development 

at different moments in time. This supports our observation that the most recently 

published HDP guideline from England and Wales used more advanced methods for 

guideline development and scored highest on AGREE II appraisal. Moreover, flaws in the 

methodological quality of the more dated HDP guideline from the Netherlands mainly 

concern aspects of guideline quality that gained importance over the past few years, 

such as integrating patient preferences and opinions, economic evidence and statements 

regarding editorial independence.

Flaws in the methodological quality of the HDP guidelines may also be attributable 

to the differences in resources. Professional societies generally have smaller budgets 

for guideline development than governmental agencies, which could explain the 

lower scores for the rigor of development on AGREE II appraisal of the HDP guidelines 

produced by professional organizations (13), compared to the governmental agency 

of the guideline from England and Wales (NICE). Both the number and content of the 

key recommendations of the HDP guidelines differed considerably. Differences in the 

recommendations of guidelines on the same topic are common and mainly attributable 

to the selection of different evidence to support guideline recommendations (14,15). 

This corresponds with the minimal overlap in references cited in the HDP guidelines. 

Some variation in references can be explained by the different publication dates of the 

HDP guidelines. However, previous studies reported that political and cultural factors, 

socioeconomic aspects and characteristics of healthcare systems are more important 

influences on the choice of evidence for guideline development (15,16). It is not imaginary 

that such factors also compromise the selection of evidence for guideline development 

in obstetrics.

The strong point of our study is the systematic and rigorous approach to identify HDP 

guidelines worldwide. Another strength is the systematic appraisal of the methodological 

quality of the HDP guidelines with the internationally validated AGREE II Instrument.

Our study also has some limitations. First, in contrast with the systematic appraisal of 

the methodological quality of the HDP guidelines, we were not able to use a framework 
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to evaluate the content quality of individual guidelines. Currently, a validated appraisal 

instruments for individual guideline recommendations is available, however for each 

recommendation 24 questions need to be answered, so in daily practice not very usable 

due to the workload (17).

Second, we did not examine the quality of the cited studies nor the consistency between 

study conclusions and guideline recommendations. As a result, clinical practice guidelines 

are not always based on a systematic review of literature. Furthermore, discrepancies 

exist between evidence and guideline recommendations, and few references are shared 

among guidelines on the same topic (16,18,19). Third, we only were able to use English 

or Dutch written guidelines.

In conclusion, this study revealed that the number of HDP guidelines worldwide is 

small and that the differences in the recommendations and references cited in these 

guidelines are considerable. How can we overcome these deficiencies in clinical guidance 

on HDP care worldwide? We suggest that the Cochrane Pregnancy and Childbirth review 

group, a central body with expertise in up-to-date guideline development methodology 

and sufficient resources to select the best evidence available to support guideline 

recommendations. Subsequently, the evidence selected on a central level should be 

shared internationally in the form of evidence tables, summarizing the content of the 

selected studies and indicating the level of evidence according to validated evidence-level 

structures. In the context of obstetrics worldwide, this strategy for central selection and 

international exchange of evidence to support guideline recommendations may very well 

increase the number of guidelines on hypertensive disorders in pregnancy worldwide, 

improve their scientific validity, promote international consensus on their clinical content 

and reduce duplication of effort and inefficient use of resources (6,13). For instance in 

the field of reproductive medicine, interestingly, ESHRE recently applied this approach 

to select evidence on a European level for the development of recommendations on 

the diagnosis and treatment of endometriosis (20). Proposals regarding other eligible 

European organizations to select and share evidence for guideline development in Europe 

should also be brought forward in an international debate. Clearly, establishment of a 

central body will be an important first step to facilitate systematic guideline development 

to promote best practice in obstetric medicine as well as in other healthcare settings.
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Abstract

Objective: to evaluate the effectiveness of an innovative strategy to improve 

implementation of evidence-based guidelines on the management of hypertension in 

pregnancy compared to a common strategy of professional audit and feedback. Design 

cluster randomized controlled trial (c-RCT). Setting: sixteen Dutch hospitals. Population: 

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

of the participating hospitals between April 1st 2010 and May 1st 2011, were suitable 

for inclusion; the only exclusion criterion was the presence of lethal fetal abnormalities. 

Methods: hospitals were randomly assigned to either an innovative implementation 

strategy including a computerized decision support system (DSS) and professional audit 

and feedback or a minimal implementation strategy of audit and feedback only. Main 

outcome measures: primary outcome measure was a combined rate of major maternal 

complications. Secondary outcome measures included process-related measures on 

guideline adherence, and patient-related outcomes. A process evaluation was performed 

alongside. Results: no statistically significant difference was found in both the occurrence 

of major complications and most secondary outcome measures between the two 

groups. Process evaluation showed limited use of the computerized DSS, with a large 

variation between hospitals (0-49,5% of the eligible patients), but positive experiences 

of actual users. Conclusion: using a computerized DSS for implementation of the clinical 

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

major maternal and fetal complications. Limited use of the DSS in the innovative strategy 

group could be an explanation for the lack of effect.
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Introduction

Seventeen percent of all clinical pregnancies are complicated by hypertension and two 

percent by preeclampsia (1-6). Hypertensive disorders in pregnancy are one of the main 

causes of maternal mortality and morbidity worldwide. Several clinical guidelines have 

been developed worldwide to provide pregnant women with hypertensive disorders with 

the best available healthcare (7). Purpose of clinical guidelines is to support healthcare 

providers, decrease practice variation, and ultimately improve patient outcomes. 

However, the mere existence of these guidelines does not automatically imply that 

they are widespread or commonly used. Case analyses of adverse maternal outcomes 

showed a high level of substandard care (8). Dissemination of new guidelines should 

ideally be followed by robust implementation efforts. Research on the implementation 

of obstetrical guidelines is scarce.

It is commonly known in guideline implementation research that there is no ‘magic bullet’ 

for successful implementation of every clinical problem or in every practice setting (9-12). 

The most frequently studied interventions encompass audit and feedback on current 

practice, dissemination of educational materials, reminders and the organization of 

educational meetings or outreach visits, which all seem to have only small to moderate 

effects on the improvement of professional performance (13-15).

Chaudry et al, demonstrated a major benefit of implementing health information 

technology on increased adherence to guideline-based care, amongst others in 

hypertension (16). Different health information technology systems were reviewed. 

Most of them included a decision support system (DSS), and some integrated clinical 

guidelines (17). In 2005-2006, the departments of Obstetrics and Gynecology of 

the VU University Medical Centre in Amsterdam and the University Medical Centre 

Utrecht tested and evaluated the feasibility of using a DSS for the Dutch Society of 

Obstetrics and Gynecology (NVOG) guideline on the treatment of prevention of 

neonatal Group B Streptococcus disease. In the evaluation, the DSS appeared feasible 

in clinical practice: most users (95%) were satisfied with its use and 78% would prefer 

to maintain and extend the DSS to other NVOG guidelines (18-19). We hypothesized 

that an implementation strategy including a DSS may lead to a higher compliance to 

the guidelines’ recommendations on hypertensive disorders in pregnancy (20-21) and 

thus a lower rate of maternal complications than a minimal implementation strategy 

consisting of a single intervention of audit and feedback only. We designed a cluster 

randomized controlled trial (c-RCT), the BIG CHANGE (BOS supported Implementation 

of Guidelines on Clinical Hypertension and its mANagement in GEstation) trial, to study 

5
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the effects of an innovative implementation strategy to improve the use of national 

obstetrical guidelines on hypertension in pregnancy, consisting of a multi-faceted 

intervention (computerized DSS plus audit and feedback), tailored to barriers from the 

literature and directed at obstetrical professionals. To increase our understanding of 

factors influencing the impact of the implementation strategy, a process evaluation of 

the trial was also performed.

Materials and Methods

Study design
We performed a c-RCT in 16 hospitals in three regions of The Netherlands. The research 

ethics committee of VU University Medical Centre approved the study. The trial was 

registered with trialregister.nl (ID NTR 1387). Further details of the study design have 

been described elsewhere (22).

Randomization
Hospitals were randomly assigned to either the innovative implementation strategy 

group (computerized DSS plus audit and feedback) or the minimal implementation 

strategy group (audit and feedback only). Prior to randomization, participating hospitals 

were stratified according to function (academic hospitals, teaching hospitals and non-

teaching hospitals). To ensure concealment of treatment allocation two research 

associates, blinded for characteristics of the clinics, performed per stratum the 

randomization procedure by drawing sealed, opaque envelopes.

Participants

Hospitals

All 16 hospitals that were invited agreed to participate. Two of them were large, academic 

hospitals, nine hospitals were medium-sized, teaching hospitals; the other five were 

small, non-teaching hospitals. The different types were chosen to reflect national 

obstetrical care.

Patients

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. A pre-implementation measurement 

was performed in each hospital, which included a random sample of patients that 
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were admitted with a hypertensive disorder during their pregnancy in 2008. For the 

measurement after introduction of both implementation strategies, all patients admitted 

to one of the hospitals between April 1st 2010 and May 1st 2011 with a hypertensive 

disorder during their pregnancy were included.

Study interventions

Minimal implementation strategy

The minimal implementation strategy, implemented in 8 hospitals, was directed at 

professionals (obstetricians and gynecologists) and consisted of professional audit 

and feedback. Audit comprised results of the pre-implementation measurement of 

the hospital’s scores to 14 previously developed quality indicators (Table 1) regarding 

care provided in 2008 (23). Based on these indicator scores, hospital-specific feedback 

reports were formulated by the study group. The contact person of each hospital was 

sent a feedback report by email, asking them to forward copies to their colleagues (i.e. 

gynecologists, residents and clinical midwifes). An instruction letter was enclosed to 

facilitate interpretation of the feedback report. Feedback on current care was given by 

means of a bar chart showing the total range of performance per quality indicator on a 

scale from 0 to 100% including the median adherence of all participating hospitals and 

the median of its peer hospitals (academic, teaching, non-teaching). Each individual 

hospital also received a clear marking of their performance in the bar chart, but hospitals 

did not get information of the performance of other individual hospitals. This was only 

available on aggregate level. No further contact was established with the minimal 

implementation strategy hospitals until the data collection for the post-implementation 

measurement was started.

5
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Table 1. Final set of key recommendations

Key recommendations Type of indicator
Gestational hypertension

- The physician needs to perform urine examination for proteinuria 
when a patient is diagnosed with gestational hypertension

- The physician needs to perform laboratory examination: hemoglobin, 
hematocrit, creatinine, platelets, lactatedehydrogenase (LDH), and 
alanine aminotransferase (ALAT) in case a patient presents with 
subjective symptoms of preeclampsia, in case of proteinuria or severe 
(gestational) hypertension

- Patients with moderate-severe gestational hypertension need to be 
informed by their physician about the possibility of acute worsening 
of the disorder and the necessity to contact their physician when 
experiencing symptoms

Process

Process

Process

Preeclampsia
- Systolic blood pressure ≥ 170 mmHg and/or diastolic blood pressure ≥ 

110 mmHg in a patient with gestational hypertension or preeclampsia 
needs to be treated medicamentally

- Target values for the systolic blood pressure are 140-160 and 90-105 
mmHg for the diastolic blood pressure in patients with preeclampsia

Process

Process

Severe preeclampsia and eclampsia
- Treatment of patients with severe preeclampsia needs to be a clinical 

one
- Patients with severe preeclampsia need to be adequately stabilized 

before intervention (transport to tertiary care center and/or delivery). 
Treatment exists of magnesium sulphate and/or antihypertensive 
drugs, depending on the blood pressure

- When improvement fails to occur or deterioration occurs with 
patients with severe preeclampsia, the physician needs to terminate 
the pregnancy

- The physician needs to start magnesium sulphate when a patient has 
symptoms of severe preeclampsia

- First treatment to prevent eclampsia needs to exist of magnesium 
sulphate

Process

Process

Process

Process

Process

Chronic hypertension
- Methyldopa or a β-blocker should be first choice when a patient 

needs to start antihypertensive drugs in the first trimester of the 
pregnancy

Process

Organizational requirements for good clinical care
- Every hospital should have a (local) protocol for treatment of patients 

with gestational hypertension, preeclampsia or HELLP
- The hospital needs to have a regional consent concerning 

consultation or transportation to a perinatal center for patients with 
severe preeclampsia before 32 weeks gestation or severe maternal 
morbidity

- Antenatal, intrapartum and postpartum care for patients with chronic 
hypertension should be provided by gynecologists

Structure

Structure

Structure
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Innovative implementation strategy

The innovative strategy, implemented in the other 8 hospitals, was multi-faceted and 

included the following two professional-oriented elements:

(i) Audit and feedback discussions

Similar to the minimal strategy, hospital-specific feedback reports were developed 

and sent to the eight innovative implementation strategy hospitals in April 2010. After 

four weeks, a multi-disciplinary (e.g. addressing gynecologists, residents and clinical 

midwifes) meeting was organized in each hospital in which the feedback report was 

presented and commented by one of the authors. During each meeting, the hospital’s 

performance was compared with the other 15 hospitals’ performances and possibilities 

for quality improvement were discussed.

(ii) CDSS

A computerized DSS, including a web-application, was developed (by Giant Soft, 

Leeuwarden, The Netherlands) to assist the professionals in providing optimal care 

for the patients admitted to their hospital (22). For each patient and fetus several 

characteristics had to be filled in: gestational age, systolic and diastolic blood pressure, 

complaints of headache, pain in upper right part of the abdomen, vision problems, if 

laboratory testing was done and if so, were they normal or abnormal, if urine had been 

tested for proteinuria and if so, what was the result. The fetal characteristics contained 

fetal growth and cardiotocography (CTG) findings. When all data were entered in the DSS, 

recommendations of the Dutch guideline regarding hypertensive disorders in pregnancy, 

tailored to the specific woman, were provided within seconds.

Outcomes
The primary outcome of this trial was a combined rate of major maternal complications 

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

placental abruption). All medical records were checked on the presence of these 

complications both in the pre- and postimplementation measurement.

Secondary outcome measures included process-related measures on guideline 

adherence, and patient-related outcomes (caesarean delivery rates, and rates of 

neonatal mortality and morbidity).

Guideline adherence rates were measured using quality indicators. These indicators 

(structure and process indicators) were extracted from two obstetrical guidelines of the 

NVOG: ‘hypertensive disorders in pregnancy’ and ‘chronic hypertension and pregnancy’ 

5
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(20-21) and systematically developed (23). Adherence to guideline indicators was 

scored dichotomously, ‘adherence’ vs. ‘nonadherence’. The indicators covered topics 

like ‘indications for treatment’, ‘treatment options’, ‘patient monitoring’ and ‘patient 

information’. All indicators were tested during the pre implementation measurement for 

several quality criteria (i.e. measurability, reliability, applicability, improvement potential, 

discriminatory capacity and complexity), thus exploring their value for monitoring and 

improving clinical performance. After the pre-implementation measurement, indicators 

with high measurability, reliability and applicability were considered adequate measures 

of adherence to guideline recommendations (Figure 2).

 Figure 2. A step-wise RAND-modified Delphi method to develop quality indicators for care for 
patients with hypertensive disorders in pregnancy.
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Data collection

Effect evaluation

Data were collected from medical records (e.g., maternal complications, process 

measures on guideline adherence and secondary patient-related outcomes). Each record 

was verified to determine the presence or absence of major maternal complications, 

caesarean delivery, rates of neonatal mortality and morbidity. Items necessary to 

calculate the quality indicators were collected as well. Medical record extraction was 

performed by two trained data collectors who entered data in digital forms, specifically 

designed to enhance systematic and complete data collection by using computerized 

algorithms for data entry.

Process evaluation

We also performed a process evaluation of the innovative implementation strategy to 

assess use of and experiences with the DSS. In all eight hospitals randomized to this 

strategy residents and clinical midwifes collected user data. In addition, professionals 

involved in obstetric care 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 DSS) and points for improvement (legibility, 

extension, clarity an expansion of DSS). An email containing a link to the questionnaire 

was sent to all users.

Sample size and feasibility
The rate of major maternal complications in 216 Dutch patients with severe hypertension 

or preeclampsia was reported as 34% (24-25). In 96% of cases of maternal death, The 

Dutch Maternal Mortality Committee determined several factors of substandard care, 

which were classified as insufficient treatment of hypertension in about half of these (8, 

26). 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. We assumed that 15% of participants would drop-out or be lost to follow-up, 

so 472 eligible women needed to be included, 236 in the innovative implementation 

strategy arm and 236 in the minimal implementation strategy arm.

Analysis
Data were analyzed using IBM SPSS Statistics 20. To analyze the difference in 

effectiveness of the innovative implementation strategy compared to the minimal 

5
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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. Also, both groups were compared with each other, before and after the 

implementation period. For each complication, generalized estimating equation (GEE) 

models were used to control for the dependency of observations within hospitals in 

which ‘implementation strategy’ acted as the independent variable and ‘complication 

score’ as the dependent variable.

To analyze the difference in effectiveness of the two strategies on process-related 

measures, we assessed the proportion of patients that were treated in accordance with 

the guidelines. Quality indicator scores before and after the implementation period in 

both intervention groups were assessed. Within and between group differences were 

analyzed with adjustment for clustering of patients within clinics. Therefore, for each 

indicator, also GEE models were used in which ‘implementation strategy’ acted as the 

independent variable and ‘indicator score’ as the dependent variable.

For the data analyses of the process evaluation descriptive statistics were used, 

both regarding usage rates of (% of eligible patients for which the DSS was used) and 

experiences with the DSS. Wilcoxon signed rank test with a two-sided confidence interval 

of 5% was used for the comparison between the two groups.

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

included in the analysis in the group to which they were originally assigned, regardless 

of whether they received the implementation strategy or not. Differences in the pre-

implementation measurement period were corrected for by including these scores as 

a covariate in the final GEE model.

Funding
The Netherlands Organization for Health Research and Development (ZonMw) funded 

this project (project no. 170883003)

Results

Participant flow

In the pre-implementation measurement period, 270 patients were included in 

the innovative and 262 in the minimal implementation strategy group. In the post-

implementation measurement period, 947 patients were included in the innovative 

strategy group and 815 patients in the minimal strategy group.
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Comparability of groups

Demographic characteristics of both groups at both measurement periods are shown 

in Table 3. Both groups are comparable on both measurement moments.

Outcomes and estimation

Primary outcomes

Table 4 and 5 show the rates of the primary outcomes before and after the implementation 

in both groups. Major maternal complications were statistically significant lower 

post-implementation in both the innovative implementation and the minimal 

implementation strategy group when compared to the pre-implementation results (OR 

0.64 [95% CI 0.42-0.96] and OR 0.70 [95% CI 0.550.89], respectively). There was neither 

a statistically significant difference in the occurrence of major complications between 

the innovative implementation group and the minimal implementation strategy group 

pre-implementation (OR 0.77; 95% CI 0.41-1.42) nor post-implementation (OR 1.13; 95% 

CI 0.66-1.9). 5
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Table 4. Primary outcome

1 2008 N=270
38 (14.1%)

2011 N=947
200 (10.6%)

OR (95% CI)
0.64 (0.42-0.96)

2 2008 N=262
44 (16.8%)

2011 N=815
104 (12.8%)

OR (95% CI)
0.70 (0.55-0.89)

3 Innovative implementation
N=270
38 (14.1%)

Minimal implementation
2008 N=262
44 (16.8%)

OR (95% CI)
0.77 (0.41-1.42)

4 Innovative implementation
N=947
100 (10.6%)

Minimal implementation
2011 N=815
104 (12.8%)

OR (95% CI)
1.13 (0.66-1.9)

1. Innovative implementation strategy group 2008 vs 2011
2. Minimal implementation strategy group 2008 vs 2011
3. Innovative implementation strategy group 2008 vs minimal implementation strategy group 

2008
4. Innovative implementation strategy group 2011 vs minimal implementation strategy group 

2011

Table 5. Percentage of major complications for the innovative implementation strategy and the 
minimal implementation strategy

2008 (%) 2011 (%) OR (95% CI)
Innovative implementation
strategy

38/270 (14.1) 100/947 (10.6) 0.64 (0.42-0.96)

Minimal implementation strategy 44/262 (16.8) 104/815 (12.8) 0.70 (0.55-0.89)

Secondary outcomes

Table 6 shows the results for the secondary patient-related outcomes. Between pre- and 

postimplementation there was a statistically significant increase in neonatal mortality 

(OR 3.30 ;1.835.96) and decrease in caesarean sections (OR 0.47 ;0.50-0.76) in the 

minimal implementation group; there were no significant changes in the innovative 

implementation group. There were no statistically significant differences between the 

two groups on any of these outcomes pre- nor postimplementation. Table 7 shows 

the indicator scores for guideline adherence. Results demonstrated that in both the 

innovative and the minimal implementation strategy group guideline adherence 

improved after implementation. Laboratory testing statistically significantly improved 

more in the innovative implementation strategy group compared to the minimal 

implementation strategy group.

5

BNW_Susanne_V1.indd   81BNW_Susanne_V1.indd   81 07-05-20   10:4907-05-20   10:49



82

Chapter 5
Ta

bl
e 

6.
 S

ec
on

da
ry

 o
ut

co
m

es
: p

at
ie

nt
 r

el
at

ed
 o

ut
co

m
es

1
In

no
va

ti
ve

 im
pl

em
en

ta
ti

on
 g

ro
up

 2
01

1 
N

=9
47

In
no

va
ti

ve
 im

pl
em

en
ta

ti
on

 g
ro

up
 2

00
8 

N
=2

70
P

O
R 

(9
5%

 C
I)

N
eo

na
ta

l m
or

ta
lit

y
10

 (1
.1

%
)

3 
(1

.1
%

)
0.

73
0.

83
 (0

.2
9-

2.
39

)

D
ys

m
at

ur
it

y
65

 (6
.9

%
)

27
 (1

0%
)

0.
13

0.
64

 (0
.2

9-
1.

14
)

A
sp

hy
xi

a
72

 (7
.6

%
)

19
 (7

.0
%

)
0.

94
0.

98
 (0

.6
4-

1.
52

)

Ce
sa

re
an

 S
ec

ti
on

25
2 

(2
6.

6%
)

95
 (3

5.
2%

)
0.

27
0.

82
 (0

.5
9-

1.
16

)

2
M

in
im

al
 im

pl
em

en
ta

tio
n 

gr
ou

p 
20

11
 N

=9
47

M
in

im
al

 im
pl

em
en

ta
tio

n 
gr

ou
p 

20
08

 N
=2

62
P

O
R 

(9
5%

 C
I)

N
eo

na
ta

l m
or

ta
lit

y
8 

(0
.9

9%
)

1 
(0

.3
8%

)
<0

.0
00

1
3.

30
 (1

.8
3-

5.
96

)

D
ys

m
at

ur
it

y
60

 (7
.4

%
)

20
 (7

.6
%

)
0.

90
0.

98
 (0

.6
7-

1.
43

)

A
sp

hy
xi

a
44

 (5
.4

%
)

19
 (7

.3
%

)
0.

31
0.

77
 (0

.4
4-

1.
29

)

Ce
sa

re
an

 S
ec

ti
on

21
6 

(2
6.

5%
)

10
2 

(3
8.

9%
)

<0
.0

00
1

0.
47

 (0
.5

0-
0.

76
)

3
In

no
va

ti
ve

 im
pl

em
en

ta
tio

n 
gr

ou
p 

20
08

 N
=2

70
M

in
im

al
 im

pl
em

en
ta

tio
n 

gr
ou

p 
20

08
 N

=2
62

P
O

R 
(9

5%
 C

I)
N

eo
na

ta
l m

or
ta

lit
y

3 
(1

.1
%

)
1 

(0
.3

8%
)

0.
31

3.
12

 (0
.3

5-
27

.8
6)

D
ys

m
at

ur
it

y
27

 (1
0%

)
20

 (7
.6

%
)

0.
34

1.
41

 (0
.6

7-
3.

13
)

A
sp

hy
xi

a
19

 (7
.0

%
)

19
 (7

.3
%

)
0.

84
1.

05
 (0

.6
7-

1.
65

)

Ce
sa

re
an

 S
ec

ti
on

95
 (3

5.
2%

)
10

2 
(3

8.
9%

)
0.

33
0.

84
 (0

.5
9-

1.
20

)

4
In

no
va

ti
ve

 im
pl

em
en

ta
tio

n 
gr

ou
p 

20
11

 N
=9

47
M

in
im

al
 im

pl
em

en
ta

tio
n 

gr
ou

p 
20

11
 N

=8
15

P
O

R 
(9

5%
 C

I)
N

eo
na

ta
l m

or
ta

lit
y

10
 (1

.1
%

)
8 

(0
.9

9%
)

0.
76

0.
78

 (0
.1

5-
3.

95
)

D
ys

m
at

ur
it

y
65

 (6
.9

%
)

60
 (7

.4
%

)
0.

73
0.

94
 (0

.6
8-

1.
31

)

A
sp

hy
xi

a
72

 (7
.6

%
)

44
 (5

.4
%

)
0.

10
1.

47
 (0

.9
3-

2.
32

)

Ce
sa

re
an

 S
ec

ti
on

25
2 

(2
6.

6%
)

21
6 

(2
6.

5%
)

0.
62

1.
10

 (0
.7

6-
1.

60
)

1.
 

In
no

va
ti

ve
 im

pl
em

en
ta

tio
n 

st
ra

te
gy

 g
ro

up
 2

00
8 

vs
 2

01
1

2.
 

M
in

im
al

 im
pl

em
en

ta
tio

n 
st

ra
te

gy
 g

ro
up

 2
00

8 
vs

 2
01

1
3.

 
In

no
va

ti
ve

 im
pl

em
en

ta
tio

n 
st

ra
te

gy
 g

ro
up

 2
00

8 
vs

 m
in

im
al

 im
pl

em
en

ta
tio

n 
st

ra
te

gy
 g

ro
up

 2
00

8
4.

 
In

no
va

ti
ve

 im
pl

em
en

ta
tio

n 
st

ra
te

gy
 g

ro
up

 2
01

1 
vs

 m
in

im
al

 im
pl

em
en

ta
tio

n 
st

ra
te

gy
 g

ro
up

 2
01

1

BNW_Susanne_V1.indd   82BNW_Susanne_V1.indd   82 07-05-20   10:4907-05-20   10:49



83

Effectiveness of two strategies to improve the use guidelines on HDP

Table 7. Secondary outcomes process related: guideline adherence

1 2011 N=947 2008 N=270 P OR (95% CI)
Stabilization 575 (60.7%) 123 (45.6%) 0.0001 3.81 (1.94-7.49)

MgSO4 225 (23.8%) 65 (24.1%) <0.0001 3.95 (2.41-6.46)

Antihypertensive drugs 498 (52.6%) 119 (44.1%) 0.008 1.96 (1.19-3.11)

Blood pressure 919 (97.0%) 240 (88.9%) 0.007 2.66 (1.30-5.43)

Information 242 (25.6%) 160 (59.3%) 0.09 0.38 (0.12-1.19)

Laboratory tests 920 (97.1%) 266 (98.5%) 0.0002 13.60 (3.47-53.34)

Urine test 928 (98.0%) 270 (100.0%) 0.78 0.87 (0.47-1.02)

2 2011 N=815 2008 N=262 P OR (95% CI)
Stabilization 454 (55.7%) 187 (71.4%) 0.0001 6.23 (2.44-15.92)

MgSO4 194 (23.8%) 62 (23.7%) 0.001 3.76 (1.71-8.24)

Antihypertensive drugs 418 (51.3%) 106 (40.5%) 0.012 3.94 (1.35-11.52)

Blood pressure 768 (94.2%) 245 (93.5%) 0.013 4.00 (1.34-11.94)

Information 223 (27.4%) 115 (43.9%) 0.024 0.50 (0.28-0.91)

Laboratory tests 780 (95.7%) 226 (86.3%) 0.92 0.88 (0.06-12.33)

Urine test 794 (97.4%) 262 (100.0%) 0.66 0.88 (0.51-1.54)

3 2008 N=270 2008 N=262 P OR (95% CI)
Stabilization 123 (45.6%) 187 (71.4%) 0.78 1.14 (0.46-2.85)

MgSO4 65 (24.1%) 62 (23.7%) 0.77 0.90 (0.44-1.83)

Antihypertensive drugs 119 (44.1%) 106 (40.5%) 0.45 1.58 (0.49-5.10)

Blood pressure 240 (88.9%) 245 (93.5%) 0.89 1.08 (0.34-3.40)

Information 160 (59.3%) 115 (43.9%) 0.94 1.05 (0.28-3.99)

Laboratory tests 266 (98.5%) 226 (86.3%) 0.23 0.26 (0.03-2.30)

Urine test 270 (100.0%) 262 (100.0%) 0.43 1.87 (0.39-8.92)
4 2011 N=947 2011 N=815 P OR (95% CI)
Stabilization 575 (60.7%) 454 (55.7%) 0.78 0.87 (0.31-2.41)

MgSO4 225 (23.8%) 194 (23.8%) 0.93 1.05 (0.37-3.00)

Antihypertensive drugs 498 (52.6%) 418 (51.3%) 0.95 0.97 (0.34-2.79)

Blood pressure 919 (97.0%) 768 (94.2%) 0.85 0.89 (0.26-3.06)

Information 242 (25.6%) 223 (27.4%) 0.41 0.83 (0.53-1.30)

Laboratory tests 920 (97.1%) 780 (95.7%) 0.04 9.72 (1.14-82.92)

Urine test 928 (98.0%) 794 (97.4%) 0.26 1.87 (0.63-5.58)

1. Innovative implementation strategy group 2008 vs 2011
2. Minimal implementation strategy group 2008 vs 2011
3. Innovative implementation group vs minimal implementation group 2008
4. Innovative implementation group vs minimal implementation group 2011

5
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Process evaluation

The actual use of the DSS showed that data from in total 234 patients (24.7%) were 

entered in the innovative computerized system. The highest usage rate per hospital was 

49.5%, the lowest 0%. Most patients were included in 5 out of 8 hospitals, usage rates 

ranging from 20% to 49.5% (Figure 2). Gynecologists, residents and clinical midwifes of 

six of the eight hospitals in the innovative strategy group answered the questionnaire 

regarding the process evaluation. 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% of the participants. On the 

question if a DSS was a suitable tool for implementation of a guideline, 91 % answered 

affirmative. Most of the respondents (85%) found it useful to develop a computer based 

support system for other NVOG guidelines, and 79% intended to use a DSS, if available, 

for other guidelines. Fifty-eight percent found using DSS easier than their local protocol 

or the NVOG guideline. Improvements mentioned by the respondents concerned the lay-

out, and login name and password. Login names and passwords were provided by the 

research team, but most respondents preferred choosing their own login and password.

 

 Figure 8. Percentage of patients included in the participating hospital. X-asis: number of patients 
per hospital that should have been included. Y-axis: number of included patients per hospital.
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Discussion

We report results of a randomized controlled trial that evaluated the implementation 

of obstetrical guidelines concerning hypertensive disorders in pregnancy comparing 

a multifaceted innovative and a minimal implementation strategy. The multifaceted 

innovative implementation strategy consisted of a computerized decision support 

system combined with audit and feedback, the minimal implementation strategy of audit 

and feedback only. There were no statistically significant differences in clinical outcomes 

between the innovative implementation strategy group and the minimal implementation 

strategy group. The innovative implementation strategy increased guideline adherence 

on one item only, particularly an improvement in laboratory testing. Process evaluation 

showed limited use of the computerized DSS, with a large variation between hospitals 

(0-49,5%), but positive experiences of actual users.

We consider the significant improvement in laboratory testing in the innovative 

implementation strategy group mainly a finding by chance, because it is difficult to 

explain why there was a higher rate of laboratory tests, and the estimates were rather 

uncertain as the confidence intervals were wide.

Not having found a statistically significant effect of the innovative implementation strategy 

raises the question whether this strategy is ineffective, or whether ineffectiveness is 

largely caused by flaws in the study design or incomplete execution of the intervention 

strategy. We will further elaborate on these possibilities.

During the study period, obstetric management of hypertensive disorders in the 

Netherlands was significantly changed by the results of the HYPITAT trial (27). This 

multicenter, parallel, open-label randomized controlled study was conducted between 

October 2005 and March 2008 in 6 academic and 32 non-academic Dutch hospitals. It 

was then demonstrated that induction of labour is associated with improved maternal 

outcome in women with mild hypertensive disease beyond 37 weeks’ gestation (27). A 

recent evaluation showed that participation in the HYPITAT trial has led to an increase of 

induction of labour from 58.3 to 67.1% (P < 0.001) and a decrease of prevalence of eclampsia 

from 0.85 to 0.19% (P < 0.001) before and after the trial in the Netherlands (28). The results 

of this study could explain why there is no difference in clinical outcomes between the 

innovative strategy group and the minimal strategy group. Expectative management 

for these disorders has decreased compared to the period before the HYPITAT trial and 

awareness of the possible maternal and neonatal complications has increased, which may 

have lowered the incidence of these complications. A lower incidence of major maternal 

complications in both groups after the study period confirms our hypothesis (Table 4).

5
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As an attempt to reduce the high perinatal mortality in the Netherlands, a nationwide 

implementation of audits was started in 2009. During a perinatal audit (local, regional 

or national) health care professionals (gynecologists, midwives, pediatricians, nurses 

and pathologists) critically analyze in a structured way the care provided in cases of 

perinatal death. These audits resulted in a greater focus on the possible causes of 

perinatal mortality and this may have led to increased awareness of the risks of pregnant 

women with hypertensive disorders during our study period in both the innovative 

strategy group and the minimal strategy group.

In addition, the researchers of the LEMMON study, a Dutch prospective study of severe 

maternal morbidity conducted between 2004 and 2006 (29), published several articles 

in 2008 and 2009. They collected 2552 cases of severe maternal morbidity. Substandard 

care was found in 62% of these cases through clinical audit. These results may also have 

contributed to more awareness and the improvement of care for pregnant women in 

both groups.

Besides a reduction in major maternal complications during the study period in both 

groups the rate of major maternal complications before implementation of the guideline 

in 2010-2011 was lower than expected based on the results of previous studies. This 

may be explained by the fact that our study was performed in academic as well as 

non-academic hospitals, whereas former studies (24-25) were performed in academic 

hospitals only, thus including a high-risk population.

With regard to the effectiveness of implementation strategies, their success depends 

on optimal use and positive experiences. Insight into these factors could be obtained in 

a process evaluation. In our study, the difference between the innovative and minimal 

strategy was the DSS, so we particularly included a process evaluation of the DSS. The 

majority of patients were included in the intervention group in 5 out of 8 hospitals of 

the innovative implementation strategy group. One hospital did not include a single 

patient, despite several reminders. Although the users were generally enthusiastic about 

the DSS, ultimately, in only a quarter of all eligible patients the DSS was used. This could 

also explain the ineffectiveness of the DSS.

A reason for not using the DSS could be that it was not integrated in the routine of daily 

practice. A systematic review from Chaudhry et al demonstrated that the effectiveness 

of a computerized DSS was higher if it was integrated in an electronic patient file (16). 

We hypothesize that using computerized DSS to implement evidence based guidelines 

could be more effective when the system is combined with an automatically imbedded 
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system of reminders, therapeutic suggestions and diagnosis-specific links to guidelines 

(30). Besides, results from a comparable study among gynecologists of Mourad et al 

showed that professionals either were quite indifferent to an innovative strategy type 

or did not consider it their job to do so (31).

Moreover, several Cochrane systematic reviews have shown that the impact of different 

strategies to promote healthcare interventions is widely variable, mostly with small to 

modest effects on improving professional practice (15). Our assumption that an increased 

adherence to the guidelines’ recommendations will reduce the number of major maternal 

complications by half (50%) was most likely too optimistic. A review of evidence-based 

strategies for implementing guidelines in obstetrics showed especially positive effects 

for interventions including audit and feedback, reminders and multifaceted strategies 

(32). Although it is clearly demonstrated that the prospective identification of barriers 

to change leads to better adaptation of interventions, this was not demonstrated in our 

study. Although we used a multifaceted strategy, including audit and feedback, and 

adapted the DSS to previous barriers, we did not find positive effects. As mentioned 

above, the limited use of DSS could be an explanation.

Strengths and weaknesses of the study
One of the strengths of this study is the use of a c-RCT to evaluate the effect of the tested 

interventions, as this is considered the ‘gold standard’ in implementation research (33).

Randomization was performed at hospital rather than professional or patient level to 

avoid any risk of contamination of both study arms. Sixteen hospitals participated, with 

a good reflection of possible practice variation (academic, teaching and non-teaching 

hospitals to represent the Dutch health system).

Another strength is that only two researchers were involved in checking the medical 

files. This decreased the chance of interobserver variation and bias. In addition, our 

innovative strategy was tailored to barriers identified by our previous research, which 

is also seen as a facilitator for implementation (22).

We realize that there are some limitations to our study as well. An important one is 

that this study did not achieve enough statistical power. We 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%. This hypothesis appeared to be 

wrong, because we overestimated the initial rate and decrease of major complications, 

as explained before.

5
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Conclusions and implications
Using a computerized DSS and audit and feedback for implementation of the clinical 

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

statistically significant less major maternal complications when compared to a minimal 

implementation strategy of audit and feedback only. Process evaluation showed that 

users of the computerized decision support system were positive about the system, but 

the use of the system could be improved.
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Abstract

Background Hypertensive disorders of pregnancy are one of the main causes of 

maternal mortality and morbidity worldwide and associated with high costs.  The 

Dutch Society of Obstetrics and Gynecology (NVOG) has developed two evidence-based 

guidelines on the management of hypertension in pregnancy, but these guidelines are 

not optimally implemented. This study evaluated the cost-effectiveness of an tailored 

strategy to implement these guidelines compared to a minimal implementation strategy 

of audit and feedback only (control group).

Methods An economic evaluation was conducted alongside a cluster randomized 

controlled trial in 16 hospitals in The Netherlands. The tailored implementation strategy 

for the NVOG guidelines ‘Hypertensive disorders in pregnancy’ and ‘Chronic hypertension 

in pregnancy’ included a computerized decision support system (CDSS) in combination 

with professional audit and feedback. Participating hospitals were assigned to either 

the tailored implementation group (8 hospitals, 947 patients) or the control group 

(8 hospitals, 815 patients). The primary outcome was a composite measure of major 

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

HELLP syndrome and placental abruption). Secondary outcome measures included 

other patient related outcomes (caesarean section delivery rates and rates of neonatal 

mortality and morbidity) and guideline adherence.

All analyses were done according to the intention-to-treat principle. Differences in costs 

and effects were estimated using multilevel analyses adjusted for confounders. Bias-

corrected and accelerated bootstrapping was used to estimate statistical uncertainty. 

Cost-effectiveness planes and acceptability curves were estimated to present uncertainty 

around the cost-effectiveness estimates.

Results There were neither statistically significant differences between the two groups in 

the primary composite outcome (mean difference -0.0004, 95% CI -0.02;0.02) nor in the 

secondary composite outcome (mean difference 0.02, 95% CI -0.02;0.06). For guideline 

adherence there was a statistically significant difference (mean difference 0.17, 95% 

CI 0.07; 0.27). Costs in the tailored implementation strategy group were statistically 

significantly higher than in the minimal implementation strategy group (mean difference 

€ 295, 95% CI 213; 485). Cost-effectiveness acceptability curves showed that for the 

composite primary and secondary 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.
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Conclusions 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.

Introduction

Hypertensive disorders of pregnancy (HDP) are a leading cause of maternal and perinatal 

morbidity and mortality (1-2). A recent World Health Organization (WHO) systematic 

analysis identified hypertension as the second most important cause of maternal 

mortality, after hemorrhage, accounting for 14% of all deaths (3). In 2013, 9.9% of all 

Dutch pregnancies were complicated by hypertensive disorders such as gestational 

hypertension, preeclampsia and HELLP syndrome (4). Previous studies reported major 

maternal complications (e.g., eclampsia, HELLP syndrome, pulmonary edema, placental 

abruption, liver hematoma, severe infectious or thrombotic morbidity, encephalopathy) 

in 34% of Dutch pregnant women with severe hypertension or pre-eclampsia (5-6). These 

complications are associated with longer admittance, admittance to an intensive care 

unit, and caesarean section.

Comparable to the national professional organizations of Australia and New Zealand, 

England and Wales, Canada, Scotland and the United States of America (7), the 

Dutch Society of Obstetrics and Gynecology (NVOG) developed two evidence-based 

clinical guidelines on the management of hypertension in pregnancy (8) and chronic 

hypertension in pregnancy (9). Guideline recommendation aim to improve quality of care 

(less variation of care and reduction of substandard care) by promoting interventions 

of proven benefit and discouraging ineffective interventions. Also, waste of healthcare 

resources is prevented if only interventions with proven cost-effectiveness are 

implemented in clinical practice (10).

The quality of medical care is variable and often suboptimal, despite the proliferation 

of clinical guidelines and continued efforts by local and national healthcare systems to 

optimize decision-making on patient diagnosis, treatment, and management (11). Schutte 

et al reported substandard care in 96% of all Dutch cases of maternal mortality due to 

hypertensive disorders in pregnancy (12). Substandard care increases the risk of adverse 

events, which subsequently leads to longer admission and higher risk of maternal 

complications. In case of hypertension in pregnancy, an implementation strategy 

including a computerized decision support system (CDSS) may lead to higher compliance 

6
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to the guidelines’ recommendations and a lower rate of maternal complications and their 

costs (e.g. hospital admittance, medication) as compared to audit and feedback only.

Improving the safety and quality of health care has become a priority for our health 

system (13). In this context, health information technology (HIT) is often cited as a 

necessary foundation for improving health care delivery. Potential benefits include the 

improvements of individual health as well (14-15) as enhancements in the performance 

of health service providers (16) . Numerous studies have examined the effects of HIT 

on service delivery and quality of care and suggest that there are improvements in 

cost savings and patient outcomes (17-20) .The adoption and use of HIT has also been 

associated with improvements in process measures (21) and quality improvement.

Clinical decision support delivered using health information technology, in the form of 

electronic health records, provides a tool to deliver evidence-based information to the 

point of care and has the potential to overcome barriers to evidence-based practice 

(22). A CDSS consists of information technology-based software that provide health 

professionals with actionable, patient-specific recommendations or clinical guidelines 

at the point-of-care; these messages are filtered and presented at appropriate times 

during the decision-making process in order to enhance patients’ health (23-24) . The 

opportunity to improve patient care by increasing clinicians’ accessibility to medical 

knowledge at the site of practice represents one of the main incentives for investing in 

the development and evaluation of these sophisticated information systems.

Current research on CDSSs suffers two noteworthy limitations (24). First, while numerous 

studies have evaluated the effectiveness of CDSSs, comparatively few used a randomized 

controlled trial (RCT) design. Second, most published evaluations of the impact of CDSSs 

on healthcare quality were conducted in academic medical centers using “homegrown” 

systems that featured restricted clinical content for particular conditions. There is limited 

research on “mature” CDSSs that are commercially available and capable of supporting 

a wide range of clinical activities.

Given the limited health care resources available, it is important to evaluate the cost-

effectiveness of interventions before implementing resource intensive interventions 

on a wider scale. Therefore, the aim of this study was to determine whether an tailored 

implementation strategy consisting of a CDSS was cost-effective in patients with 

hypertensive disorders in pregnancy as compared to a minimal implementation strategy.
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Methods

Study design and setting
This economic evaluation was conducted from a societal perspective alongside the 

BIG CHANGE (BOS supported Implementation of Guidelines on Clinical Hypertension 

and its mANagement in GEstation) trial. This trial was a cluster randomized controlled 

trial (c-RCT) that compared an tailored implementation strategy (intervention) to 

implement the Dutch guidelines on hypertensive disorders of pregnancy with a minimal 

implementation strategy that consisted of professional audit and feedback (control). The 

study was approved by the research ethics committee of VU University Medical Centre 

and registered with trialregister.nl (ID NTR 1387). For further details, we refer to the 

publication of the design of this trial (25).

The BIG CHANGE trial was conducted in two academic and 14 nonacademic (teaching and 

non-teaching) hospitals. The hospitals were randomly assigned to either the intervention 

or control group. Prior to randomization, participating hospitals were stratified according 

to function (academic hospitals, teaching hospitals and non-teaching hospitals). One 

research associate, blinded for characteristics of the hospitals, performed per stratum 

the randomization procedure by drawing sealed, opaque envelopes.

Patients
All patients with a hypertensive disorders of pregnancy who were admitted to one of 

the 16 participating hospitals were suitable for inclusion. The only exclusion criterion 

was the presence of lethal fetal abnormalities. A pre-intervention measurement was 

performed, which included a random sample of patients that were admitted between 

January 1st and December 31st 2008. For the post-intervention measurement all patients 

admitted to one of the hospitals between April 1st 2010 and May 1st 2011 were included. 

We included 1762 women; 947 were treated in the intervention hospitals and 815 in the 

control hospitals.

Outcome measures
The primary outcome was a composite measure of major maternal complications 

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

placental abruption). Secondary outcome measures included process-related outcomes, 

guideline adherence, and patient-related outcomes (Caesarean delivery rates, and rates 

of neonatal mortality and morbidity). Guideline adherence was measured using quality 

indicators. These indicators (structure and process indicators) were extracted from two 

obstetrical guidelines of the NVOG : ‘hypertensive disorders in pregnancy’ and ‘chronic 

6
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hypertension and pregnancy’ and systematically developed (26). The indicators covered 

topics like ‘indications for treatment’ and ‘patient information’ (table 1). All indicators 

were tested during the pre-intervention measurement for several quality criteria (i.e. 

measurability, reliability, applicability, improvement potential, discriminatory capacity 

and complexity), thus exploring their value for monitoring and improving clinical 

performance. After baseline measurement, indicators with high measurability, reliability 

and applicability were considered adequate measures of adherence to guideline 

recommendations. Per patient the number of recommendations followed was assessed 

and used for the analyses. Data were collected from medical records (e.g., maternal 

complications, process measures on guideline adherence and secondary patient-related 

outcomes). Each record was verified to determine the presence or absence of major 

maternal complications, caesarean delivery, rates of neonatal mortality and morbidity. 

Items necessary to calculate the quality indicators were collected as well. Medical record 

extraction was performed by two trained data collectors who entered data in digital 

forms, specifically designed to enhance systematic and complete data collection by using 

computerized algorithms for data entry.

Costs
Costs were assessed from a healthcare perspective and included costs of hospital 

admissions, medication use, and caesarean section. Healthcare utilization data were 

retrieved by two trained data collectors from electronic patient records in some hospitals 

if available, and from paper patient records in other hospitals.

We documented admission time from day of admission until discharge and, when 

applicable, admission days on the Intensive Care Unit (ICU). Use of medication, 

magnesium sulphate and antihypertensive drugs (e.g. nifedipine, methyldopa, 

ketanserin), was also assessed.

All prices were expressed in 2011 Euros (€) using consumer pricing indices (27). 

Healthcare utilization was valued according to national prices of admittance to a 

maternity ward. Costs of ICU admittance were retrieved from the financial department 

of one non-participating academic hospital. Medication prices were obtained from the 

Dutch Pharmacotherapeutic Compass (28). In the tailored implementation strategy 

group, costs of developing the DSS were included. It took 75 days to develop the DSS, 

costing € 1,024 a day, total price of € 75,776.
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Table 1. Final set of key recommendations

Key recommendations Type of indicator
Gestational hypertension

- The physician needs to perform urine examination for proteinuria 
when a patient is diagnosed with gestational hypertension

- The physician needs to perform laboratory examination: hemoglobin, 
hematocrit, creatinine, platelets, lactatedehydrogenase (LDH), and 
alanine aminotransferase (ALAT) in case a patient presents with 
subjective symptoms of preeclampsia, in case of proteinuria or severe 
(gestational) hypertension

- Patients with moderate-severe gestational hypertension need to be 
informed by their physician about the possibility of acute worsening 
of the disorder and the necessity to contact their physician when 
experiencing symptoms

Process

Process

Process

Preeclampsia
- Systolic blood pressure ≥ 170 mmHg and/or diastolic blood pressure ≥ 

110 mmHg in a patient with gestational hypertension or preeclampsia 
needs to be treated medicamentally

- Target values for the systolic blood pressure are 140-160 and 90-105 
mmHg for the diastolic blood pressure in patients with preeclampsia

Process

Process

Severe preeclampsia and eclampsia
- Treatment of patients with severe preeclampsia needs to be a clinical 

one
- Patients with severe preeclampsia need to be adequately stabilized 

before intervention (transport to tertiary care center and/or delivery). 
Treatment exists of magnesium sulphate and/or antihypertensive 
drugs, depending on the blood pressure

- When improvement fails to occur or deterioration occurs with patients 
with severe preeclampsia, the physician needs to terminate the 
pregnancy

- The physician needs to start magnesium sulphate when a patient has 
symptoms of severe preeclampsia

- First treatment to prevent eclampsia needs to exist of magnesium 
sulphate

Process

Process

Process

Process

Process

Chronic hypertension
- Methyldopa or a β-blocker should be first choice when a patient needs 

to start antihypertensive drugs in the first trimester of the pregnancy
Process

Organizational requirements for good clinical care
- Every hospital should have a (local) protocol for treatment of patients 

with gestational hypertension, preeclampsia or HELLP
- The hospital needs to have a regional consent concerning consultation 

or transportation to a perinatal center for patients with severe 
preeclampsia before 32 weeks gestation or severe maternal morbidity

- Antenatal, intrapartum and postpartum care for patients with chronic 
hypertension should be provided by gynecologists

Structure

Structure

Structure

6
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Analysis
The economic evaluation was conducted according to the intention-to-treat principle 

and based on complete cases. Cost and effect differences between the two study 

groups were estimated using multilevel analyses with levels for hospital and patient 

(29). Covariates were included as confounder in the multilevel regression models if they 

changed the central determinant with 10% or more. Incremental cost-effectiveness ratios 

(ICERs) were calculated by dividing the difference in costs between the study groups by 

the difference in effects. Bias-corrected accelerated bootstrapping with 5000 replications 

was used to estimate statistical uncertainty (30). The bootstrapped cost-effect pairs were 

graphically presented on cost-effectiveness planes (CE planes) (31). Cost-effectiveness 

acceptability curves (CEA curves) were estimated that indicate the probability that a 

treatment is cost-effective at a specific ceiling ratio, which is the amount of money society 

is willing to pay to gain one extra unit of effect (32).

Results

During the BIG CHANGE trial, 947 patients were treated in intervention hospitals, and 

815 patients were treated in control hospitals.

The actual use of the CDSS showed that data from in total 234 patients (24.7%) were 

entered in the tailored computerized system. The highest usage rate per hospital was 

49.5%, the lowest 0%. Most patients were included in 5 out of 8 hospitals, usage rates 

ranging from 20% to 49.5%

Patient groups were significantly different on two variables, gestational age and primary 

care taker (Table 2).

Effects
There was no statistically significant difference in major maternal complication events in 

the tailored implementation strategy group compared with the minimal implementation 

strategy group (mean difference 0.004; 95% CI -0.0013-0.021). Other perinatal 

complications were also not statistically significant different between the two groups 

(mean difference 0.02, CI -0.02;0.06) (Table 3). The tailored implementation strategy 

resulted in a minimal, but statistically significant larger number of quality indicators 

followed when compared to the minimal implementation strategy group: 6.4 vs. 6.3 

(mean difference 0.17, 95% CI 0.07;0.27).
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Table 3. Adverse events innovative implementation strategy (intervention) versus minimal 
implementation strategy (control).

Outcome Intervention Controle Difference (95% CI)
Primary outcome/adverse 
maternal events

0.036 (0.006) 0.032 (0.006) 0.004 (-0.013; 0.021)

Secondary outcome events/
adverse perinatal events

0.40 (0.02) 0.35 (0.02) 0.05 (0.01; 0.10)

Number of guidelines 
recommendations followed

6.4 (0.03) 6.3 (0.04) 0.10 (0.0005; 0.20)

Costs
Results demonstrate that costs in the innovative implementation strategy group were 

statistically significantly higher than in the minimal implementation strategy group 

(mean difference €295, 95% CI 213; 485). The cost difference is mainly due to admission 

costs (including costs of the delivery), mean difference € 230, 95% CI 74;387) (Table 4).

The cost difference is mainly due to admission costs (including costs of the delivery), 

mean difference € 230, 95% CI 74; 387).

Table 4. Group estimates for costs and effects.

Outcome Intervention Control Difference (95% CI)
Adverse maternal events 0.036 (0.006) 0.032 (0.006) 0.004 (-0.002; 0.021)

Adverse perinatal events 0.40 (0.02) 0.35 (0.02) 0.02 (-0.02; 0.07)

Number of guideline 
recommendations followed

6.4 (0.03) 6.3 (0.04) 0.10 (0.07; 0.27)

Medication costs 81 (5) 58 (5) -15 (-20; -9)

Admission costs (including 
delivery costs)

3579 (67) 3190 (44) 230 (74; 387)

Intervention costs 80 (0) 0 (0) NA

Total costs 3740 (69) 3248 (44) 295 (213; 485)

Cost-effectiveness analysis
Table 5 shows the outcomes of the cost-effectiveness analysis. The Incremental Cost-

Effectiveness Ratio (ICER) for the composite outcome of maternal complications is 

-495,101 € per maternal complication averted, meaning that to prevent one maternal 

complication €495,101 needs to be invested in the intervention group as compared to 

the control group. The CE plane shows that approximately half of the bootstrapped 

cost-effect pairs are situated in the northwest and half in the northeast quadrant. 

This confirms that the costs are statistically significantly higher but that there is no 

statistically significant difference in effect between the two groups. In accordance with 

this, the CEA curve shows that for the composite outcome of maternal complications, 
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the probability that the intervention strategy is cost-effective in comparison with the 

control strategy slowly increased to a probability of 0.43 at a ceiling ratio of € 100,000 per 

maternal complication averted and reaches a maximum probability of 0.51 at a ceiling 

ratio of € 700,000 per maternal complication averted.

The ICER for secondary patient related outcomes is -10,888 € per perinatal complication 

averted indicating that the tailored implementation strategy is dominated by the minimal 

implementation strategy (tailored strategy is more costly and less effective than control). 

This is confirmed by the CE plane, in which most of the bootstrapped cost-effect pairs 

are situated in the northwest quadrant. In accordance with this, the CEA curve (Figure 1) 

shows that for perinatal complications the probability that the tailored implementation 

strategy is cost-effective in comparison with the minimal implementation strategy slowly 

increases to a maximum probability of 0.20 at very high ceiling ratios (> € 1,000,000 per 

complication averted).

The ICER for the secondary outcome measure on guideline adherence rate is 1745 

€ per guideline recommendation extra followed. The CE plane shows that all of the 

bootstrapped cost-effect pairs are situated in the northeast quadrant (Table 5 ). The CEA 

curve shows that the probability that the intervention is cost-effective in comparison 

with the control is 0.95 or more at ceiling ratios of at least € 2,900 per guideline 

recommendation extra followed (Figure 2).

Table 5. Outcomes of the cost-effectiveness analyses for intervention versus control (multilevel 
analysis with a level for hospital).

Outcome ΔC (95% CI) Δ ICER CE plane
NE SE SW NW

Adjusted analysis
Adverse maternal 
events averted

215 (63; 386)* 0.0004 (-0.02; 0.02)* -495101 51% 0% 0% 49%

Adverse perinatal 
events averted

215 (63; 386)* -0.02 (-0.06; 0.02)*#¥ -10888 20% 0% 0% 80%

Percentage of guideline 
recommendations 
followed

215 (63; 386)* 0.17 (0.07; 0.27) 1272 100% 0% 0% 0%

Unadjusted analysis
Adverse maternal 
events averted

300 (123; 499) -0.0004 (-0.02; 0.01) 77341 37% 0% 0% 63%

Adverse perinatal 
events averted

300 (123; 499) -0.04 (-0.08; 0.01) -8254 7 0% 0% 97

Percentage of guideline 
recommendations 
followed

300 (123; 499) 0.17 (0.07; 0.27) 1778 100% 0% 0% 0%

Adjusted for * a terme yes/no, # ethnicity, ¥ twin pregnancy

6
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Discussion

This study assessed the cost-effectiveness of an tailored implementation strategy 

including a CDSS combined with professional audit and feedback for obstetrical 

guidelines regarding the management of hypertensive disorders in pregnancy in 

comparison with a minimal implementation strategy consisting of professional audit 

and feedback only. The results demonstrate that mean costs per woman are significantly 

higher in women treated in the intervention group compared to women treated in the 

control group. Although guideline adherence was slightly better in the intervention 

group, the improvement in guideline adherence was small and cannot be considered 

clinically relevant. The intervention strategy on guideline implementation for patients 

with a hypertensive disorder during pregnancy 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 guideline recommendation extra.

To the best of our knowledge, this is the first studies that evaluated the cost-effectiveness 

of a CDDS in the field of obstetrics. We identified only three gynecological studies that 

also evaluated cost-effectiveness of guideline implementation (33-35). However, the 

interventions evaluated in this study did not include a CDSS. Only one of those studies 

also performed a cost-effectiveness analysis, which concluded that improvement 

of guideline adherence could lead to a cost saving of at least 20 million euro yearly. 

Therefore, it is valuable to make an effort to improve guideline development and 

implementation (36).

A recent study performed by the Dutch Obstetric Consortium showed that adequate 

application of the results of effectiveness studies in obstetrics may result in considerable 

health gains and cost reductions when compared with usual care. Eight multicenter 

randomized trials were included with almost 11,000 patients in total. The total potential 

cost reduction for these interventions was € 9.6 million per year, on the basis of a one-

time investment in the trials of € 3.1 million. Furthermore, de-implementation or non-

implementation of interventions that have no positive effect on health such as prolonged 

tocolysis, the use of progestogens in twin pregnancies, intrauterine pressure catheters, 

and induction of labour in preterm ruptured membranes additionally reduces costs (37).

Strengths and limitations
The strengths of this study include the fact that it was based on data from a randomized 

controlled trial, which enabled prospective registration of resource uses, and it used 

6
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a well-organized structure for data collection, which improved the internal validity. 

Furthermore, the large sample size and the diversity of participating hospitals are likely 

to improve the external validity of the results.

This study also has several limitations. It is widely recommended that cost-effectiveness 

studies are conducted from the societal perspective. From this broad perspective, 

all costs and effects need to be considered. This means that studies designed to 

investigate cost-effectiveness should base their conclusions upon all relevant medical 

and nonmedical cost data that they are able to collect . Our study was performed from 

a healthcare perspective instead of a societal perspective and did not include indirect 

costs of productivity loss. However, this would probably not have led to a different 

conclusion. As there were no differences in clinical outcomes, productivity losses would 

very likely also have been similar between the implementation and control group. Also, 

it may sometimes be legitimate to design an economic evaluation of more limited 

scope. For example, it would be legitimate to evaluate only the costs and benefits of 

disseminating and implementing a guideline that had already been shown to represent 

efficient practice in the setting in which it is to be applied (38-39).However, in the 

guideline that we implemented in this study not all recommendations were supported 

by strong evidence. A further reason for legitimately limiting the scope of the economic 

evaluation relates to its perspective. If a non-societal perspective, for example that of 

the health care provider, is adopted then it is legitimate to exclude costs falling on the 

patient as well as those benefits gained by health professionals in terms of improved 

knowledge or job satisfaction that may arise during development and implementation 

of the guideline. A final possible reason for not measuring some costs and benefits 

is when the assumption can be made that their inclusion will not change the policy 

decision. For example, if it is believed, a priori, that a guideline will substantially reduce 

the costs of treatment while maintaining or improving the outcomes of patients it might 

be legitimate to exclude the costs of development and implementation as they could 

not possibly cancel out any savings in treatment costs. However, this makes it difficult 

to judge which implementation strategy was the most efficient. Furthermore, this limits 

the transferability of results to situations where the same implementation strategies are 

compared for a guideline addressing the same issues in a similar setting. Whether such 

limitations are appropriate depends on the justification given for the limitation. Such 

justification should be explicit and supported by appropriate evidence.

Another limitation was that we did not measure quality adjusted life year (QALYs), 

because all clinical outcomes were collected from medical records. QALY is an aggregate 

health metric commonly used in economic evaluations enabling comparisons across 
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disorders and interventions. However, as there were no differences in clinical outcomes 

between the groups, QALYs would probably also have been similar so this is unlikely to 

have an impact on the conclusions of our study.

A third limitation of our study is the relatively short-term follow-up until discharge. 

We used this period, because the effectiveness could be measured in this period. 

Currently, long-term clinical outcomes are not measured in studies evaluating perinatal 

interventions (40-41). Although, for instance, neonatal morbidity often implies future 

health problems (42). These long-term consequences potentially could counterbalance 

short-term cost savings. To facilitate studies addressing the long-term perspective, 

a systematic approach to developing health economic models to extrapolate short-

term outcomes to a long-term horizon is needed (43). Since there was no statistically 

significant difference between the two strategies, we don’t expect a difference in long-

term follow up.

Despite the large number of economic evaluation in health services research, its use is 

not standard practice in assessing implementation strategies. Recent reviews revealed 

fewer than 60 studies of the efficiency of strategies for implementing clinical practice 

guidance before 2008 (44-46), with no substantial progress since then. The number of 

economic evaluations contrasts sharply with the number of studies on implementation 

strategies assessing only their effect on behavior change and health outcomes (47). 

Several studies were performed in other fields then gynecology, to determine the cost-

effectiveness of interventions to improve guideline implementation. Mihalopoulos et al 

investigated the incremental cost-effectiveness of three treatment recommendations in 

the most recent Australian Clinical Practice Guidelines for posttraumatic stress disorder 

(PTSD). The three recommended interventions evaluated in this study are likely to have a 

positive impact on the economic efficiency of the treatment of PTSD if adopted in full (48). 

Main difference between this study and our study is the use of quality-adjusted life-years 

(QALYs) gained and disability-adjusted life-years (DALYs) averted to determine the health 

benefits. O’Reilly et al (2012) estimated the long-term cost-effectiveness of a CDSS linked 

to evidence-based treatment recommendations for type 2 diabetes. They concluded that 

their web-based prototype decision support system slightly improved short-term risk 

factors. The model predicted moderate improvements in long-term health outcomes. 

The economic evaluation showed that these modest changes generated a small amount 

of savings due to the reduction in the costs associated with treating fewer complications, 

however these were not offset by the high intervention implementation costs (49). In 

our study, the intervention implementations costs, designing the CDSS, also contributed 

largely to the total costs.

6
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Nazarenko et al performed a study to evaluate the effectiveness of implementation 

of international and national clinical guidelines for venous thromboembolism (VTE) 

prevention with the help of CDSS. They concluded that the coverage of hospitalized 

patients with documented VTE risk assessment gradually increased after the CDSS 

implementation, but remained at a low level (19% of eligible patients). Our study also 

showed a low use of the CDSS (24.7%). Partly it may be attributed to the lack of CDSS 

integration in electronic health records or computerized physician order entry systems 

that would facilitate routine documentation of, in our study, hypertensive disorders 

and risks (guideline recommendations). Overall conclusion was that the development 

of hospital-acquired VTE in most cases (74%) was accompanied by non-compliance with 

clinical practice guidelines recommendations, emphasizing the importance of additional 

measures for better adherence to evidence-based clinical practices (50). When we take 

our results of the low use of the CDSS into account, it may be expected that a higher 

use of the CDSS would lead to higher guideline adherence and improved quality of care.

Conclusion
In conclusion, providing computer decision support for patients with a hypertensive 

disorder in pregnancy 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 guideline 

recommendation extra. These improvements were not offset by the high intervention 

costs.
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The BIG CHANGE (BOS supported Implementation of Guidelines on Clinical Hypertension 

and its mANagement in GEstation) trial as described in this thesis, aimed to provide a 

way to improve the quality of care for pregnant women with hypertensive disorders. 

Sixteen hospitals were randomly assigned to either a tailored or minimal implementation 

strategy. 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).

In this thesis we focused on the effectiveness, feasibility and cost-effectiveness of a 

tailored strategy on implementation of the Dutch guidelines on hypertensive disorders of 

pregnancy (HDP) compared to a minimal implementation strategy. The tailored strategy 

consisted of a computerized decision support system (CDSS) combined with audit and 

feedback, the minimal strategy of audit and feedback only. In this paragraph main results 

are presented and discussed, ending with a description of future perspectives.

Main results and conclusions

· We used a systematic procedure for developing a complete set of 14 process 

and structure indicators based on Dutch guidelines regarding HDP. Main 

indicators included “professional performance” and “organization of care”. 

These quality indicators aimed to monitor care for HDP, which is the first step 

toward better adherence to the guidelines and optimizing the quality of care 

(Chapter 3).

· In addition, we conducted a review on the quality of 6 international guidelines 

on HDP, including the Dutch guidelines. The quality assessment using the 

AGREE II instrument, revealed an overall moderate to high methodological 

quality. However, we also found some striking flaws particularly on the 

domain’s applicability, editorial independency and stakeholder involvement. 

The number of international guidelines is small, and the extensiveness 

of their recommendations varies considerably. The main differences in 

recommendations between the international guidelines concerned advice on 

use of medication and breastfeeding, intrapartum care and description about 

cardiovascular risks further along in life. (Chapter 4).

· The effectiveness study of the BIG CHANGE trial showed that using a tailored 

strategy including a CDSS for implementation of the clinical guidelines for 
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the management of HDP did not result in fewer major maternal and foetal 

complications than the minimal implementation strategy and only led to 

better guideline adherence on one item regarding adequate laboratory testing 

(Chapter 5).

· Alongside the BIG CHANGE trial, we performed a process evaluation amongst 

gynecologists, residents and clinical midwifes using the CDSS. We found a large 

variation in CDSS use between the different participating hospitals, varying 

from 0 to 49.5% of the eligible patients. We also found positive opinions on 

user friendliness, clarity, speed of the program, lay-out and clearness. On the 

question whether a CDSS was a suitable tool for implementation of guidelines, 

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

develop a CDSS 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 without a CDSS (Chapter 5).

· In our cost-effectiveness study we found that the tailored implementation 

strategy, using the CDSS, is not cost-effective compared to the minimal 

implementation strategy regarding adverse maternal and perinatal outcomes. 

It may be cost-effective regarding guideline adherence, if decision makers are 

willing to pay € 1745 extra per guideline recommendation followed (chapter 6).

Discussion

1. Lack of effectiveness of the tailored implementation strategy

Changing insights during and after the study period

During the study period, obstetric management of HDP in the Netherlands was 

significantly changed by the publication of the results of the HYPITAT trial. This 

multicenter, parallel, open label randomized controlled study was conducted between 

October 2005 and March 2008 in 6 academic and 32 non-academic Dutch hospitals. The 

HYPITAT trial demonstrated that induction of labor is associated with improved maternal 

outcome in women with mild hypertensive disease beyond 37 weeks gestation (1).

Higher awareness of the possible higher rate of maternal and neonatal complications 

due to expectative management for these disorders may have increased the rate of 

induction of labor and lowered the incidence of complications. This was confirmed by 

a study of Van der Tuuk et al that showed an increase of induction of labor from 58% to 

67% (P < 0.001) and a decrease of prevalence of eclampsia from 0.85% to 0.19% (P < 0.001) 
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in the Netherlands after the trial as compared to before (2). In comparison to previous 

studies, our study showed a 3.5-4.0% lower incidence of major maternal complications in 

both groups, which confirms the impact of the Hypitat trial on clinical management. The 

sample size calculation of our study was based on the higher maternal morbidity rates 

from the period before the Hypitat trial. This might explain why we found no difference in 

clinical outcomes between the tailored implementation strategy group and the minimal 

implementation strategy group in the BIG CHANGE trial.

Another study that could have influenced our study results is the LeMMoN study, a 

nationwide prospective cohort study (3). The LeMMoN study was conducted to assess 

incidence, case fatality rates (CFRs), risk factors and substandard care overall and for 

different subgroups of severe acute maternal morbidity (SAMM), which have been 

introduced to identify substandard care. All 98 hospitals (100%) with a maternity unit 

in the Netherlands participated and from 1 August 2004 until 1 August 2006, a total of 

371,021 deliveries were included. SAMM was classified according to disease-specific 

and management-based criteria and categorised into five groups: intensive care unit 

admission, uterine rupture, eclampsia/HELLP syndrome, major obstetric haemorrhage 

and miscellaneous (4). The researchers of the LeMMoN study published several articles 

in 2008 and 2009 (5-8). Although dissemination of study results does not often directly 

lead to improved care, publication of the LEMMON study results may have contributed 

to the improvement of care for pregnant women in both groups and changed the risk 

profile of the patient population during the period of our study. This may also explain 

the lack of effect of our tailored implementation strategy compared to the minimal 

implementation strategy, as consequently both groups had low maternal and neonatal 

morbidity.

Furthermore, in 2011, after the development of our study, the Dutch Society of 

Obstetrics and Gynecology (NVOG) took the initiative to develop a multidisciplinary 

guideline concerning HDP (9), in collaboration with the Dutch Society for Pediatricians 

(Nederlandse Vereniging voor Kindergeneeskunde, NVK), the Dutch Society of Internal 

Medicine (Nederlandse Internisten Vereniging, NIV) and the Dutch Society of Medical 

Microbiologists (Nederlandse Vereniging voor Medische Microbiologie, NVMM). The most 

important differences between the guidelines of 2005, that were implemented in the 

BIG CHANGE study, and the guidelines developed in 2011 concerns a (minimal) change 

when to start antihypertensive medication (10). The threshold to treat a patient with 

anti-hypertensive medication has shifted from >170 mmHg and/or >100 mmHg to ≥ 160 

mmHg and/or ≥ 110 mmHg. However, to our opinion, this is a small difference, so this 

probably had no effect on the results of our study.
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Selection of study group

In retrospect, besides a reduction in major maternal complications during the study 

period, at baseline the rate of major maternal complications in our study was less than 

expected based on previous studies. The power calculated for our study was based on 

the results of two Dutch studies. These studies were performed in an academic hospital 

regarding patients with severe early onset pre-eclampsia, a different patient population 

than in non-academic hospitals (11-12) and probably a population with a higher risk of 

major maternal complications. Because our study was performed in only two academic 

hospitals and 14 non-academic hospitals, this may also explain the difference in the 

complication rate between our study and other studies.

Use of CDSS

The success of implementation strategies depends on optimal use of and positive 

experiences with the intervention. In the BIG CHANGE trial, data from only 234 patients 

(24.7%) were entered in the CDSS by the participating professionals. The majority of 

patients were included in 5 out of 8 hospitals that were randomized to the tailored 

implementation strategy group; two hospitals only included a few patients and one 

hospital did not include any patients at all, despite several reminders (email and visits). 

Insight into factors that would explain the limited use of the CDSS could be obtained 

via a process evaluation. In our study, the difference between the tailored and minimal 

implementation strategy was the use of the CDSS, so we particularly focused our process 

evaluation on this system. Although the users were generally enthusiastic about the 

CDSS, ultimately, in only a quarter of all eligible patients the CDSS was actually used. A 

reason for not using the CDSS could be that it was not integrated in the routine of daily 

practice. A systematic review from Chaudhry et al demonstrated that the effectiveness 

of a CDSS was higher if it was integrated in an electronic health record (EHR) (13). During 

our study, only one of the hospitals randomized to the tailored implementation strategy 

was using EHRs, however the CDSS was not integrated in their EHRs. Over the last couple 

of years, a large percentage of hospitals in The Netherlands changed the way of using 

patient records. In 2017, 89% of all medical specialists in the Netherlands indicated that 

they keep their patient files primarily or exclusively electronically (14). This suggests 

that nowadays, in 2019, the user rate of CDSS might be higher, on the condition that the 

CDSS is integrated in the EHR.

2. Use of a CDSS for implementation of evidence-based guidelines
Several guideline producers have addressed the problem of the slow adoption of 

guidelines by healthcare professionals and health system managers. Several tools have 

been developed to encourage faster adoption of new guidelines. A Cochrane review by 
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Flodgren et al focused on the effectiveness of tools developed and disseminated by 

guideline producers to improve the uptake of their Clinical Practice Guidelines (CPGs). 

They included four cluster-RCTs that were conducted in the Netherlands, France, the USA 

and Canada. The implementation tools evaluated in these studies targeted healthcare 

professionals; none targeted healthcare organisations or patients.

Two of the four included studies reported data on healthcare professionals’ adherence 

to guidelines. A guideline tool developed by the producers of a guideline probably leads 

to increased adherence to the guidelines (median 13.5% greater adherence to guidelines 

in the intervention group compared to no implementation tool). The studies did not 

show any difference in costs (15).

To our opinion, several aspects are important when a CDSS is used to implement 

clinical guidelines: a) increasing guideline adherence, b) improving clinical outcomes, 

c) improving process outcomes, d) being cost-effective, and e) no existing barriers for 

using this system.

Guideline adherence and improving clinical outcomes

Results from our study show that major maternal complications (primary outcome) were 

statistically lower post-implementation compared with pre-implementation in both the 

tailored implementation strategy group and the minimal implementation group (OR 

0.64 [95% CI 0.42-0.96] and OR 0.70 [95% CI 0.55-0.89), respectively. There was neither 

a statistically significant difference in the occurrence of major complications between 

the tailored implementation strategy group and the minimal implementation group pre-

implementation (OR 0.77; 95% CI 0.41-1.42) nor post-implementation (OR 1.13; 95% CI 

0.66-1.9). Secondary outcome measures included process-related measures on guideline 

adherence and patient related outcomes. There were also no statistically significant 

differences on any of the secondary outcome measures between the two groups.

Post-implementation, there was a statistically significant increase in neonatal mortality 

(OR 3.30; 95% CI 1.83-5.96) the tailored implementation group and a decrease in 

caesarean sections (OR 0.47; 95% CI 0.50-0.76) in the minimal implementation group. 

Regarding the increase of neonatal mortality, it is not reasonable to assume that this 

is due to the intervention. Probably it is coincidence and because pre-implementation 

mortality was remarkably low in the control group. In both groups, guideline adherence 

improved after implementation. Only laboratory testing significantly improved more in 

the tailored implementation strategy group compared to the minimal implementation 

strategy group. We consider the significant improvement in laboratory testing mainly 
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a finding by chance, because it is difficult to explain why there was a higher rate of 

laboratory tests and not a difference on any of the other indicators, and the estimates 

were rather uncertain as the confidence intervals were wide.

A recent study from Lesuis et al also suggested that a CDSS did not have added value for 

guideline adherence. The objective of the study was to assess the effects of education, 

feedback and a CDSS versus education and feedback alone on guideline adherence 

regarding a rheumatoid arthritis guideline (16). Although the level of randomization was 

different for this study compared to ours (in our study, hospital level randomization, in 

the study of Lesuis clinician level randomization), both studies did not find an effect in 

favour of CDSS.

On the other hand, in 2003 Dos Santos et al developed a CDSS and introduced it in a 

cardiac intensive care unit (CICU). The CDSS provided physicians with patient-tailored 

reminders and permitted data export from EHRs into a national quality registry. The 

authors performed a non-randomised study in which process indicators were used 

to compare the effects of CDSS in the CICU to a control group using registry data. All 

CICUs were in the same region and only patients with acute coronary syndrome were 

included. CDSS was associated with increases in guideline adherence, which ranged 

from 16% to 35%, depending on the therapy for acute coronary syndrome. Statistically 

significant associations between CDSS use and guideline adherence remained over the 

five-year period after its introduction. During the same period, no relapses occurred in 

the CICU group. The biggest difference compared to our study is that the CDSS from Dos 

Santos et al warns physicians when they deviate from the guidelines. The CDSS notifies 

them to undertake corrective measures or to motivate why the guideline will not be 

followed for the specific patient at hand (17). This probably leads to a higher threshold 

for ignoring the guidelines, as is described in the section barriers and facilitators for CDSS 

uptake in this chapter. Also, since the intervention was led by a physician who was an 

insider, may have facilitated the change (see relevant paragraph below). Another possible 

explanation for the success of the intervention of Dos Santos was the collaboration 

between the physician and information technology developers. This may have enhanced 

the adequacy of EHRs for the needs of physicians in daily practice regarding functionality 

and operational efficiency. The CDSS of the BIG CHANGE study did not include a warning 

system. Implementing such a warning system could be considered for future research.

In addition, Moja et al systematically reviewed randomized controlled trials assessing 

the effectiveness of CDSS integrated with EHRs and evidence-based knowledge. 

Computer-generated guidance messages in this review had to be based on literature 
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or a priori evidence (e.g., guidelines or point-of-care services) and not on expert 

opinion (18). This knowledge had to be delivered to medical doctors or allied health 

care professionals through electronic media (e.g., computer, smartphone, or tablet) and 

included software guidance messages, irrespective of the form (e.g., recommendations, 

alerts, prompts, or reminders), as well as guidance messages, regardless of the target 

assistance (e.g., diagnostic test ordering and interpretation, treatment planning, therapy 

recommendations, primary preventive care, therapeutic drug monitoring and dosing, 

drug prescribing, or chronic disease management). The review included 28 RCTs which 

showed little evidence for a difference in mortality of a CDSS integrated with an EHR 

versus no CDSS. This review indicated that differences in mortality outcomes, if any, 

appear small across studies and health care services, and may exist only in particular 

settings with specific diseases and circumstances. However, the authors concluded 

that most of the studies were underpowered and too short to prove or exclude an 

effect on mortality. The authors found weak evidence that an active CDSS is associated 

with a lower risk for morbidity. The pooled relative risk (RR) for morbidity decrease 

of 10% to 18% suggests a potentially important impact (18). Although the guideline 

recommendations and indicators in our study were also based on literature and a priori 

evidence (NVOG guidelines), we did not find any impact on morbidity or mortality.

When we started our study, CDSSs seemed promising. However, results from more 

recent studies confirm our findings that the effectiveness of CDSS on mortality and 

morbidity cannot yet really be demonstrated.

Improving process outcomes

More evidence exists on the impact of CDSSs on process outcomes, such as 

appropriateness of medication prescribing, early detection of adverse drug reaction, 

and access to accurate medical records (19-23). CDSSs have been used successfully in 

the delivery of preventive care (18, 23, 24). In addition, a systematic review of Borab et 

al, including 11 studies, demonstrated that the use of CDSSs among surgical patients 

was associated with a significant increase in the proportion of patients with adequately 

ordered prophylaxis for Venous Thromboembolism (VTE), especially if the CDSS could 

auto-populate patient orders (25). In surgical fields, CDSSs also have been proven to 

increase adherence to the guideline of ordering perioperative antibiotics to 99% and 

reduce the incidence of surgical site infection to less than 1% (26). Furthermore, the use 

of CDSSs have successfully increased adherence to guidelines for blood transfusions, 

which reduced the number of units transfused by 24% and saved more than $1.6 million 

annually in a single hospital (27). In the BIG CHANGE study, the CDSS did not have 

an impact on process outcomes. We found a large variation in CDSS use between the 
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different participating hospitals, and on average usage was low. However, gynecologists, 

residents and clinical midwifes that did use the CDSS were mostly positive and considered 

a CDSS a suitable tool for implementation of guidelines. This suggests that the biggest 

challenge is improving the uptake/usage of the CDSS.

In conclusion, it seems like the use of CDSSs does have potential benefits on process 

outcomes, although our study did not show the same results. Future research in the 

field of improving guideline adherence using a CDSS could focus on increasing the usage 

of the CDSS.

Cost-effectiveness

The review of Moja et al, described above, also evaluated cost-effectiveness of CDSS. 

Seventeen of the 28 included RCTs reported economic outcomes (28-44). Three of these 

studies (32,33,39) presented the economic data in separate publications (45-47). There 

were some differences for costs and health service utilization (e.g., drug or test orders), 

but these were often small. Interventions with CDSSs did not have lower health care 

utilization or lower costs than interventions without a CDSS.

In the field of obstetrics, Dalaba et al investigated the cost-effectiveness of a CDSS for 

identification of pregnancy complications in Ghana. They concluded that a CDSS has the 

potential to identify maternal complications during pregnancy and leads to marginal 

reduction in labour complications. Implementing CDSS was more costly and more 

effective in the detection of pregnancy complications compared to routine maternal 

care. Dabala and colleagues suggested that policy makers should be guided by whether 

the additional benefit is worth the additional cost (48).

In conclusion, the results from the systematic review from Moja et al corresponds with 

our study results that showed that the tailored implementation strategy using the 

CDSS is not cost-effective compared to the minimal implementation strategy regarding 

adverse maternal and perinatal outcomes. Dalaba et al Suggested that even when a 

CDSS is associated with higher costs and larger effects, it is difficult to consider whether 

a CDSS is cost-effective and should be implemented or not. Our CDSS may be cost-

effective regarding guideline adherence, if decision makers are willing to pay € 1745 extra 

per guideline recommendation followed. It is important to provide policy makers with 

valid and reliable information about cost-effectiveness so that they are able to make 

well-informed decisions. However, besides information on cost-effectiveness, policy 

makers usually take other aspects into account as well in making a final decision about 

implementation or reimbursement of interventions, such as prevalence of the disease, 
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cost of the intervention and impact on the healthcare budget, preferences of patients 

and care providers, and availability of the intervention.

Barriers & facilitators for CDSS uptake

Studies consistently showed that the mere provision of a CDSS in clinical settings does 

not guarantee their uptake (49-55). Even where CDSSs are readily available, clinicians 

often ignore their alerts and fail to adopt their recommendations (47). Understanding the 

reasons behind this behavior is essential for effective implementation of CDSSs uptake.

When a CDSS is used to implement clinical guidelines, it is also important that existing 

barriers for using this system are known and can be overcome. Various barriers are 

known in the literature, especially in the field of professional attitude, the technical 

problems and alert systems.

Attitudes

Liberati et al conducted a qualitative study toexamine the barriers and facilitators to 

the uptake of an evidence based CDSS as perceived by diverse health professionals in 

hospitals at different stages of CDSS adoption. They identified six clusters of experiences 

of, and attitudes towards CDSSs, that are characterized by different types of barriers 

to CDSS uptake. The most severe barriers included the perception of clinicians that the 

CDSSs may reduce their professional autonomy or may be used against them in the 

event of medical-legal controversies. Other barriers referred to technical and usability 

problems related to the technology interface of the CDSS. The authors described barriers 

and facilitators to the use of CDSSs as dynamic; providing a static list of barriers and 

facilitators may not be sufficient or useful to facilitate uptake. Factors such as clinicians’ 

attitudes towards scientific evidence and guidelines, the quality of inter-disciplinary 

relationships, and an organizational ethos of transparency and accountability need to 

be considered when exploring the readiness of a hospital to adopt CDSSs. The authors 

also developed a framework which offers an understanding of the factors that influence 

the uptake of CDSSs and provides guidance on how to overcome persistent obstacles. 

This framework could assist in diagnosing the most prominent barriers to uptake of 

a CDSS at different stages and offers suggestions for a more effective adoption of a 

CDSS to implement guidelines (56). At the time of our study, this framework was not yet 

developed. Since we did not receive the opinion of non-users, it is difficult to determine 

if the most severe barrier, fear of reduction in autonomy or of medical-legal problems, 

hindered the uptake of the system. Technical and usability problems did occur during our 

study. For further research, this framework could be used to increase the uptake of the 
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use of CDSS. The barriers that we have found correspond well with what was described 

in this article by Liberati and colleagues.

Technical problems

Possible benefits of using a CDSS can be lost when malfunctions occur, situations in 

which a CDSS does not function as it was designed or expected to. Results from Wright 

et al showed the most common contributing factors to CDSS malfunctions. Eighteen 

of the survey respondents reported CDSS malfunctions at the time of an upgrade of 

their EHR software. Inadvertently disabling rules, upgrades of other systems, database 

corruption, and other system malfunctions were also commonly reported causes of 

CDSS malfunctions (57).

As mentioned earlier, result from Dos Santos et al suggested that one of the possible 

explanations for the success of the intervention could be the collaboration between 

the physician and IT developers (dos Santos). During the period of our study, the CDSS 

functionality was hindered by EHR upgrades in two of the hospitals randomized to the 

tailored implementation strategy. These upgrades made it impossible for nearly a month 

to use the website. Several users of the system approached the principal investigator 

of the study due to the system’s inoperative functioning. Unfortunately, the technical 

problems occurred in the two hospitals that included the most patients. As a result, 

despite outside help, it is certain that this has reduced the user percentage. Nevertheless, 

we have achieved the intended number of inclusions.

Overdose alerts

Roshanov et al (20) conducted a meta-regression of 162 randomised trials to identify 

characteristics associated with success of a CDSS as measured by improvement in 

the process or clinical outcomes. The results showed positive outcomes for systems 

developed by the authors of the study, systems that provide advice to patients and 

practitioners, and systems that require a reason for over-riding advice (58,59). A study 

evaluating a CDSS for drug prescribing found that such alerts were effective (60). Giving 

a reason for over-riding advice, however, can frustrate clinicians and becomes dangerous 

when they simply accept recommendations to avoid providing reasons. On the other 

hand, it is also plausible that individual prompts lose their ability to change provider 

behavior when presented alongside several other alerts. When alerts are integrated 

within an institution’s EHRs and more alerts are added, clinicians might become 

overwhelmed and ignore the prompts. This “alert fatigue” phenomenon (61) could be 

preventing behavior change. Several studies estimated that as many as 96% of alerts 

are over-ridden by clinicians (62-64) and suggested that a recommendation for future 
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studies could be that such a warning system could be built into CDSSs. However, caution 

should be offered with the number of alerts and the type of alerts to prevent “alert 

fatigue” as much as possible.

In conclusion, several barriers and facilitators concerning CDSS uptake have been 

identified. Perception of clinicians, technical and usability problems, alert systems and 

the “alert fatigue” phenomenon should all be considered when developing a new study.

Audit and feedback
In addition to the CDSS, audit and feedback was used in both arms of the BIG CHANGE 

study as an implementation strategy. In our study we found no difference in major 

complications: 3.5% in the tailored implementation strategy group and 3.3% in the 

minimal implementation strategy group. A Cochrane review from 2012 showed that 

audit and feedback work; the median effect is small though still potentially important 

at the population level, and 27/98 comparisons (28 %) resulted in an improvement of 

at least 10 % in quality of care (65). A more recent systematic review of Ivers et al, 

published in 2014, concluded that the effect of audit and feedback compared to usual 

care has changed very little over the last two decades. Furthermore, new trials have 

provided little new knowledge regarding key effect modifiers. More research needs to be 

done to answer the question ‘how can the effect of audit and feedback interventions be 

optimized?’. The authors concluded that based on their analyses feedback seems most 

effective when it includes both specific goals and action-plans, aims to decrease the 

targeted behavior, focuses on a problem where there was larger scope for improvement, 

and when the recipients are non-clinicians. Unfortunately, relatively few trials feature 

these components. For example, despite evidence that repeated feedback is more 

effective, studies that evaluate interventions after only one cycle of feedback continue to 

be performed. Also, of the 32 studies conducted after 2002, considered in the analysis of 

Ivers and colleagues, feedback was delivered by a supervisor or respected colleague only 

six times, and no studies included feedback with both explicit goals and action plans (66).

With these results in mind, in our study feedback was delivered by the principal 

investigator, not by a supervisor or respected colleague. Feedback was delivered once, 

not repeatedly. With the current knowledge, we would have used another design for 

feedback. It would be advisable to include the above-mentioned results in future 

research on implementation strategies for guidelines in the field of obstetrics and 

gynaecology.
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Sustainability of professionals’ adherence to clinical practice guidelines
Although it was not part of our study, besides improvement of guideline adherence, 

sustainability of professionals’ adherence to those guidelines should be integrated in 

further research. Sustainability has gained attention in healthcare. Once a guideline is 

successfully implemented in clinical practice, it may be difficult to sustain the quality 

improvements over a longer period of time. Clinicians tend to fall back into old routines, 

which may hamper long-term adherence to a guideline (67). Ament et al performed a 

systematic review which identified, reported and analysed studies that evaluated the 

level of sustainability of professionals’ adherence to guideline recommendations in 

medical practice more than 1 year following the cessation of implementation projects. It 

showed that the number of studies evaluating sustainability of professionals’ adherence 

to guidelines is scarce and that the studies are heterogeneous with respect to their 

methodology. Ament and colleagues suggested that more studies and reviews are 

needed in order to develop a general framework for sustainability measurement and 

to facilitate uniform language and communication within the sustainability science. For 

future studies, besides effectiveness and cost-effectiveness of a CDSS, also long-term 

adherence to the specific guideline should be evaluated (68).

Methodological considerations
In the following part a few methodological considerations of our study are discussed 

and recommendations for future research are given.

1. Indicator development

We extracted a set of key recommendations, formulated by the original developers of the 

NVOG guidelines. Also, they were involved in the expert panel that developed the valid 

set of quality indicators derived from key recommendations of the guidelines. This expert 

panel consisted of other opinion leaders of clinical obstetrics, in particular regarding 

hypertensive disorders of pregnancy, as well as members of the NVOG committees on 

maternal death, guideline and implementation, and a member of patient organization 

“Stichting HELLP”. For future research, involving more patients in the expert panel 

is recommended (69). Another possibility would be to add a patient panel next to a 

professional panel (70). Den Breejen et al aimed to assess patients’ added value to 

the scoping phase of a multidisciplinary guideline on fertility. Results of their study 

showed that evidence exists of the potential benefits of including patients in an early 

phase of the clinical practice guideline (CPG) development process. In this case, it led 

to 8 valuable additional main key clinical issues to be addressed in the next step of a 

multidisciplinary CPG development process. It broadened the scope of the guideline, 

particularly regarding patient-centered and organizational aspects.
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2. Participation of hospitals

In the original study protocol, we described that we aimed at inviting professionals 

of 20 hospitals. In the sample size calculation, it was determined that each of the 20 

hospitals would include 20 patients. Before commencing the study, more than twenty 

hospitals were invited to participate in our study. Despite repeated requests, in the 

end sixteen hospitals (80%) signed a participation statement. Missing participation of 

4 hospitals probably had no influence on the results of our study. We increased the 

number of patients per hospital, which provided the amount of inclusions we aimed 

for. Furthermore, the hospitals included were well distributed both in type and location 

across the country.

3. Process evaluation

Alongside the BIG CHANGE trial, we performed a process evaluation amongst 

gynecologists, residents and clinical midwifes who had used the CDSS. A limitation of our 

evaluation was that only the actual users of the CDSS were approached, because their 

names were registered in the CDSS. We were not able to identify non-users and could 

not ask them why they had not used the CDSS. For future research, we suggest putting 

more effort in tracking down the ‘non-users’ in order to gain insight into their opinions 

and considerations. More barriers for using the CDSS could be identified in this way. 

Future use of CDSS could possibly increase when these barriers are taken into account.

4. Analysis

For our study we opted not to perform a per-protocol analysis. A per-protocol analysis 

might have been good to see how the effect had been in the ideal situation. However, in 

this study on implementation of a CDSS it seems more realistic to see the effect in the 

actual situation. Non-adherence is an integral part of implementation and a per-protocol 

analysis would produce misleading findings. However, in a future study it would be 

interesting to apply both methods.

We also did not perform a subgroup analysis. It would have been interesting to see if 

differences were found in the different types of hypertensive disorders (gestational 

hypertension, chronic hypertension, pre-eclampsia and HELLP syndrome). We chose 

not to perform subgroup analyses, because we would have needed many more patients 

to assess the effect within subgroups. We also thought it would initially be interesting 

to assess the effect of using a CDSS on the entire group of women with hypertensive 

disorders. For future studies a subgroup analysis could be considered.

We have performed a cost-effectiveness analysis, because this was part of the study 

protocol and part of the grant proposal that was funded by the Netherlands Organisation 
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for Health Research and Development (ZonMw). Although one could argue that a cost-

effectiveness analysis is not opportune when a study does not find a difference in 

effects between the intervention and comparator, not conducting and reporting a cost-

effectiveness analysis when planned will lead to publication bias. In that case, only cost-

effectiveness analyses of ‘positive’ trials will be published, and this will be misleading to 

policy makers as it will give an overestimation of the clinical effect and consequently a 

biased estimate of cost-effectiveness. We would strongly recommend other researchers 

to publish pre-planned economic evaluations of ‘negative’ or ‘neutral’ trials as well.

In the economic evaluation described in chapter 6, we did not perform a sensitivity 

analysis because the results were clear: no difference in effect and higher costs. In the 

case of higher costs but greater effect, a sensitivity analysis can provide insight into 

the robustness of the results. Especially if uncertain assumptions are included in the 

analysis. Given the clear results, a sensitivity analysis would add little and not change 

the conclusion.

Future perspectives for clinical practice and future research
Based on the main findings and the discussion, several implications for future research 

and clinical practice can be formulated. Depending on how much a slight increase in 

guideline adherence is worth, the NVOG should consider achieving implementing a CDSS 

like ours into EHRs in The Netherlands.

Future research

· Future trials which include audit and feedback should meet the following 

requirements: feedback is delivered by a supervisor or respected colleague 

and is presented frequently.

· To prevent people to fall back into old routines with impact on long-

term guideline adherence, future implementation studies should contain 

evaluations of the level of sustainability of professionals’ adherence to clinical 

practice guidelines.

· Since previous research has shown that the use of computer alert was highly 

effective (60,71), we suggest for future studies that such a warning system 

could be built into CDSSs.

· Although our study did not show it, other studies have shown potential 

benefits of CDSS on process outcomes. The uptake of the CDSS in our study 

could have been better, since 2 hospitals never even used the system. Future 

research in the field of improving guideline adherence using a CDSS could focus 

on increasing the usage of the CDSS. Obtaining the opinions of non-users could 

be valuable.
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Clinical practice

· Over the last couple of years most hospitals in The Netherlands have started 

using electronic patient records. If carefully implemented, clinician-focused 

DS systems have been shown to overcome many of the barriers to guideline 

adoption. This also applies to detailed knowledge concerning a particular 

guideline. With a well-designed CDSS, the information simply appears at the 

appropriate time. If the local implementation of the CDSS is planned with 

respected clinical experts and administrative leaders, doubts about the 

quality of the recommendations may be mitigated. Also, if the system provides 

tools to facilitate implementation of the recommendations, such as patient 

instructions, clinician concerns about families’ ability to follow-through on 

recommendations may also be reduced.

· Policy makers should be involved and guided to assess whether the additional 

benefit of the CDSS is worth the additional costs.

· To prevent system malfunctions influencing the lack of use of the CDSS, the 

collaboration between the physician and IT developers should be optimalised 

in each hospital using the CDSS.

In conclusion, in this thesis we focused on the feasibility, effectiveness, and cost-

effectiveness of a tailored strategy including a CDSS to implement Dutch guidelines on 

HDP, compared to a minimal implementation strategy. Although professionals valued 

using the CDSS positively, using a CDSS for implementation of the clinical guidelines for 

the management of HDP 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, change in management of HDP, and more awareness due to 

several Dutch studies published during the study period, could be an explanation for the 

lack of effect on clinical outcomes. Given that more and more hospitals are using EHRs, 

integrating CDSSs to help clinicians making evidence-based decisions should be possible 

in the near future. Further research to identify barriers regarding the implementation 

of guidelines and the use of a CDSS is necessary.
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Hypertensie is een veel voorkomende complicatie tijdens de zwangerschap. Zeventien 

procent van alle klinische zwangerschappen worden gecompliceerd door zwangerschaps 

geïnduceerde hypertensie en 2 procent door preeclampsie (1-6). Ernstige zwangerschaps 

hypertensie en preeclampsie (hypertensie en proteïnurie) vormen een verhoogd risico 

op morbiditeit en mortaliteit voor zowel moeder als kind. Hypertensieve aandoeningen 

tijdens de zwangerschap blijven in Nederland de meest voorkomende oorzaak van 

maternale sterfte, gevolgd door trombo-embolieën en obstetrische bloedingen. 

Eenenvijftig procent van alle maternale sterfte is een gevolg van een hypertensieve 

complicatie tijdens de zwangerschap. De maternale sterfte ratio (MMR; aantal sterfte 

per 100,000 levend geborenen) ten gevolge van hypertensieve aandoeningen tijdens 

de zwangerschap, is toegenomen van 2.7 in 1983 naar 4.0 gedurende de periode 

1993-2002 (7). Dat is een groot verschil in vergelijking met ons omringende landen. 

In het Verenigd Koninkrijk neemt het percentage maternale sterfte ten gevolge van 

hypertensieve aandoeningen, na trombo-embolieën, obstetrische bloedingen en sterfte 

gedurende het eerste trimester (buitenbaarmoederlijke zwangerschappen, miskramen 

en zwangerschaps afbrekingen) de vierde plaats in (8).

Men denkt dat suboptimale of onvoldoende behandeling de oorzaak is van dit hoge 

percentage maternale complicaties in Nederland (9-10). Een studie van de Nederlandse 

Commissie voor Maternale Sterfte rapporteert in 96% van de maternale sterfte gevallen 

substandaard zorg (11). Er kan geconcludeerd worden dat de behandeling voor vrouwen 

met een hypertensieve aandoening tijdens de zwangerschap, verbetering behoeft.

In dit proefschrift worden studies met betrekking tot de verbetering van de kwaliteit 

van zorg voor vrouwen met een hypertensieve aandoening tijdens de zwangerschap, 

beschreven.

In hoofdstuk 1 wordt een algemene introductie gegeven over hypertensieve 

aandoeningen in de zwangerschap. Verder wordt de noodzaak van deze studie uitgelegd 

en wordt de indeling van dit proefschrift uiteengezet.

In hoofdstuk 2 wordt het studieprotocol van een Nederlandse multicenter 

gecontroleerde, gerandomiseerde (kosten-) effectiviteit studie beschreven. De BIG 

CHANGE studie (BOS supported Implementation of Guidelines on Clinical Hypertension 

and its mANgement in GEstation).
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Deze studie beoordeelt de (kosten-) effectiviteit van twee strategieën om de richtlijnen 

van de Nederlandse Vereniging Obstetrie en Gynaecologie (NVOG) met betrekking tot 

hypertensieve aandoeningen in de zwangerschap te implementeren. Deze studie is 

uitgevoerd binnen het verloskundig consortium, een landelijk netwerk voor verloskundig 

onderzoek (www.studies-obsgyn.nl). De studie is goedgekeurd door de Medisch Ethische 

Commissie van het VU medisch centrum en geregistreerd in het klinische trialregister 

(ID NTR 1387). De uitvoering van de studie is mogelijk gemaakt door een subsidie van 

ZonMw.

De deelnemende ziekenhuizen zijn gerandomiseerd voor of een innovatieve 

implementatie strategie of voor een minimale implementatie strategie. Vóór randomisatie 

zijn de deelnemende ziekenhuizen gestratificeerd naar grootte (academische 

ziekenhuizen, perifere opleidings ziekenhuizen en niet-opleidings ziekenhuizen). De 

innovatieve implementatie strategie bestond uit een meervoudige interventie, een 

geautomatiseerd beslissingsondersteunend systeem (BOS, in dit proefschrift verder 

beschreven als CDSS, computerized decision support system), in combinatie met audit 

en feedback. De minimale implementatie strategie bestond uit één interventie, alleen 

audit en feedback.

Alle vrouwen met een hypertensieve aandoening tijdens de zwangerschap, opgenomen 

in een van de deelnemende ziekenhuizen, zijn geïncludeerd. Het enige exclusie criterium 

was een letale foetale afwijking.

De primaire uitkomst was een samengestelde maat van ernstige maternale complicaties 

(maternale mortaliteit, orgaan specifieke complicaties door hypertensie, HELLP 

syndroom en abruptio placentae). Secundaire uitkomsten bestonden uit zowel proces 

gerelateerde maten (richtlijn adherentie) als uit overige patiënt gerelateerde uitkomsten 

(keizersnede percentage, neonatale mortaliteit en morbiditeit).

Resultaten van een eerdere studie toonde bij 34% van 216 Nederlandse patiënten 

met ernstige hypertensie of preeclampsie ernstige maternale complicaties. De NVOG 

commissie Maternale Sterfte heeft bij 96% van de gevallen van maternale sterfte diverse 

substandard care factoren vastgesteld. In ongeveer de helft van de gevallen was er 

sprake van onvoldoende behandeling van de hypertensie. De verwachting was dat een 

toegenomen adherentie aan de aanbevelingen uit de richtlijnen het aantal ernstige 

maternale complicaties zou halveren, dus van 34% naar 17%. Rekening houdend met 

een intra cluster correlatie van .05 zouden er 16 ziekenhuizen moeten participeren 

aan deze studie, met ongeveer 25 patiënten per ziekenhuis, om het geschatte verschil 

&
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van 50% tussen de twee groepen te kunnen vinden. In totaal waren er, uitgaand van 

een uitvalpercentage van 15% , 472 vrouwen nodig. Tweehonderd en zesendertig in de 

innovatieve implementatie strategie en 236 in de minimale implementatie strategie.

In hoofdstuk 3 wordt beschreven hoe, stap voor stap, de ontwikkeling van op 

richtlijnen gebaseerde kwaliteitsindicatoren tot stand is gekomen. Hiervoor is een 

systematisch RAND-gemodificeerde Delphi methode gebruikt. Internationale literatuur 

en twee evidence-based richtlijnen van de NVOG, ‘Hypertensieve aandoeningen 

in de zwangerschap’ en ‘Chronische hypertensie in de zwangerschap’ zijn gebruikt 

als uitgangspunt voor de systematische methode. Het expert panel bestond uit 

een vertegenwoordiging van Nederlandse klinische experts en gebruikers van de 

richtlijnen (n=15). Zij werkten in diverse soorten ziekenhuizen, variërend van kleine 

perifere ziekenhuizen tot academische ziekenhuizen. Onder hen waren gynaecologen, 

gynaecologen in opleiding, leden van de werkgroep ontwikkeling richtlijnen, leden van 

de Nederlandse Maternale Mortaliteit Commissie (MMC) en een vertegenwoordiger 

van de Nederlandse patiëntenvereniging ‘Stichting HELLP syndroom’. De procedure 

om kwaliteitsindicatoren te ontwikkelen bestond uit vijf stappen: (I) selectie van 48 

aanbevelingen uit de richtlijnen door 3 onderzoekers, onafhankelijk van elkaar, (II) een 

schriftelijke vragenlijstronde onder de experts waarin ze individueel de 48 aanbevelingen 

konden scoren op geschiktheid voor het meten van de kwaliteit van zorg met behulp 

van een 9-punts Likertschaal, (III) een bijeenkomst met feedback van de individuele 

scores en het komen tot consensus over de uiteindelijke set, (IV) kritische evaluatie op 

zowel ‘potentie tot verbetering’ en ‘toepasbaarheid’ en (V) definitieve goedkeuring van de 

indicatoren set door het expert panel. Uiteindelijk is consensus bereikt over een set van 

14 kernaanbevelingen als basis voor de kwaliteitsindicatoren. Deze kernaanbevelingen 

hadden zowel betrekking op het professioneel handelen als de organisatie van zorg voor 

patiënten met een hypertensieve aandoening in de zwangerschap. Vervolgens zijn deze 

aanbevelingen daadwerkelijk vertaald naar kwaliteitsindicatoren.

Hoofdstuk 4 beschrijft de resultaten van een kwaliteitsbeoordeling van internationale 

richtlijnen op het gebied van hypertensieve aandoeningen in de zwangerschap. 

We hebben gezocht naar Nederlands en Engelstalige richtlijnen met als onderwerp 

hypertensieve aandoeningen in de zwangerschap, zowel op Medline en PubMed als op 

internet. Ook is er gezocht naar richtlijnen op de websites van nationale en internationale 

professionele beroepsverenigingen op het gebied van obstetrie en gynaecologie en 

perinatologie (bijvoorbeeld www.figo.org en www.perinatology.com) en op de websites 

van nationale en internationale instituten die betrokken zijn bij de ontwikkeling van 

richtlijnen (bijvoorbeeld www.g-i-n.net, www.guideline.gov en www.cbo.nl).
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Om de methodologische kwaliteit van de geselecteerde richtlijnen te evalueren, is 

gebruik gemaakt van het Appraisal of Guidelines for Research and Evaluation (AGREE) II 

Instrument (http://www.agreetrust.org). Het AGREE II Instrument is een internationaal 

gevalideerd, generiek instrument bestaand uit 23 kernitems gecategoriseerd in 6 

domeinen: reikwijdte en doel (3 items), betrokkenheid van belanghebbenden (3 items), 

methodologie van de ontwikkeling (8 items), helderheid en presentatie (3 items), 

toepasbaarheid (4 items) en redactionele onafhankelijkheid (2 items).

In totaal hebben vijf onderzoekers, onafhankelijk van elkaar, de geselecteerde richtlijnen 

met betrekking tot hypertensieve aandoeningen in de zwangerschap beoordeeld door 

ieder item van het AGREE II Instrument op een zeven punts Likertschaal te scoren 

(1= zeer oneens en 7 = zeer eens). Verschillen in de waarderingen van meer dan één 

punt werden besproken om consensus te bereiken. Naast de methodologische kwaliteit 

zijn ook mogelijke verschillen wat betreft de inhoud van de richtlijn onderzocht door het 

extraheren van aanbevelingen van de richtlijnen.

Om te bepalen of deze verschillen in aanbevelingen verklaard zou kunnen worden 

door het gebruik van verschillen in gebruikte literatuur, zijn de data van de publicaties, 

de oorsprong van de referenties en het aantal referenties tussen de geselecteerde 

richtlijnen vergeleken.

Uiteindelijk zijn zes richtlijnen geïncludeerd, uit Australië en Nieuw Zeeland, Canada, 

Engeland en Wales, Nederland, Schotland en de Verenigde Staten. Op grond van de 

methodologische kwaliteit is één richtlijn als beste beoordeeld (= ten zeerste aanbevolen), 

namelijk die van Engeland en Wales, de overigen zijn van redelijke kwaliteit. Het gebruik 

ervan wordt aanbevolen na het doen van bepaalde aanpassingen op die aspecten die 

slecht scoorden bij de beoordeling met AGREEII.

De richtlijnen verschilden in het aantal en de uitgebreidheid van de kernaanbevelingen. 

De Nederlandse richtlijnen, gepubliceerd in 2005, bestonden uit een beperkte set van 

evidence-based aanbevelingen, terwijl de richtlijnen van Engeland & Wales, Schotland 

en Canada aanzienlijk meer en meer uitgebreide aanbevelingen bevatten.

Hoofdstuk 5 beschrijft de effectiviteit van de BIG CHANGE studie. Twee academische 

en 14 niet-academische ziekenhuizen namen deel aan de studie. Er is een baseline 

meting verricht, onder een steekproef van patiënten die waren opgenomen met een 

hypertensieve aandoening tijdens hun zwangerschap in 2007. Het betrof 270 patiënten 

in de innovatieve implementatie strategie groep en 262 in de minimale implementatie 

&

BNW_Susanne_V1.indd   141BNW_Susanne_V1.indd   141 07-05-20   10:5007-05-20   10:50



142

Nederlandse samenvatting

strategie groep. Voor de nameting zijn alle patiënten die opgenomen waren met een 

hypertensieve aandoening tijdens hun zwangerschap in een van de deelnemende 

ziekenhuizen tussen 1 april 2010 en 1 mei 2011 geïncludeerd. Dit betrof 947 patiënten 

in de innovatieve implementatie strategie groep en 815 patiënten in de minimale 

implementatie strategie groep.

Om het verschil in effectiviteit tussen de innovatieve implementatiestrategie en 

de minimale strategie te analyseren hebben we gebruik gemaakt van 3 groepen 

uitkomstmaten, met maternale complicaties als primaire uitkomstmaat.

Alle analyses zijn gebaseerd op een intention- to- treat principe, hetgeen betekent dat alle 

deelnemers in de arm waaraan zij oorspronkelijk waren toegewezen zijn geïncludeerd, 

ongeacht of zij tijdens de behandeling in het beslissingsondersteunend systeem, waren 

ingevoerd of niet. Tevens is bij de analyses gecorrigeerd voor eventuele verschillen bij 

aanvang van de studie, door het opnemen van de baseline scores als covariaat in het 

definitieve multi level model.

Er zijn geen statistisch significante verschillen gevonden in klinische uitkomsten tussen 

de innovatieve strategie groep en de minimale strategie groep. Wel liet de innovatieve 

implementatie strategie meer toename in richtlijn adherentie zien dat de minimale 

implementatie strategie groep. Dit houdt in dat er meer aandacht en erkenning van de 

mogelijke complicaties van hypertensieve stoornissen is, evenals minder praktijkvariatie.

Gebruikersdata van het CDSS lieten een grote variatie in gebruik zien tussen de 

verschillende ziekenhuizen, variërend van 0 tot 49,5%.

We voerden ook een proces evaluatie uit van de innovatieve implementatie strategie. 

Alle acht ziekenhuizen gerandomiseerd voor de innovatieve strategie, zijn benaderd en 

gevraagd een online vragenlijst met vragen over de efficiëntie ( tijdwinst en passend 

advies ), barrières (bekendheid, toegankelijkheid en toepasbaarheid van het CDSS) en 

verbeterpunten van het CDSS (leesbaarheid, extensie, duidelijkheid uitbreiding van het 

CDSS) in te vullen.

In totaal konden 34 (68 %) ingevulde vragenlijsten gebruikt worden voor de analyse. In 

73,5 % tot 100 % van de gevallen is positief gereageerd op de gebruiksvriendelijkheid, 

duidelijkheid, snelheid van het programma, lay- out, helderheid en eindrapportage. 

Op de vraag of een CDSS een geschikt instrument is voor de uitvoering van de richtlijn, 

antwoordde 91 % bevestigend. Het merendeel van de respondenten (85 %) vond het 
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nuttig om een CDSS voor ondersteuning te ontwikkelen voor andere richtlijnen van de 

NVOG. Eveneens gaf 79 % aan een   CDSS te gaan gebruiken, voor andere richtlijnen, 

indien beschikbaar. Vijfentachtig procent vond beslissingsondersteuning van het CDSS 

gemakkelijker dan hun lokale protocol of de NVOG -richtlijn.

Wij concludeerden dat het gebruik maken van een beslissingsondersteunend computer 

systeem voor de implementatie van richtlijnen voor de behandeling van hypertensieve 

aandoeningen in de zwangerschap, niet resulteerde in minder ernstige maternale en 

foetale complicaties en alleen leidde tot betere richtlijn adherentie met betrekking tot 1 

item. Het beperkt gebruik van het CDSS zou een verklaring hiervoor kunnen zijn.

In hoofdstuk 6 worden de resultaten van de kosteneffectiviteit studie van de BIG CHANGE 

trial gepresenteerd. De innovatieve computerondersteunde interventie ging gepaard 

met statistisch significant hogere kosten (411 Euro; 95% betrouwbaarheidsinterval 

266-591Euro) dan de minimale interventie. De incrementele kosteneffectiviteit ratio’s 

(ICER) voor de primaire uitkomstmaten lieten zien dat de innovatieve interventie niet 

kosteneffectief is. Wel bleek deze interventie kosteneffectief ten opzichte van de 

minimale interventie wat betreft het percentage aanbevelingen uit de richtlijnen dat 

werd opgevolgd. De innovatieve strategie resulteerde in een toename van richtlijn 

adherentie ten opzichte van de minimale strategie groep: 79,9 % versus 78,6 % . Het 

effectverschil is 1.3%. Per extra gevolgde aanbeveling uit de richtlijn, kost dit 1745 euro 

kosten.

Concluderend is de innovatieve implementatie strategie niet kosteneffectief in 

vergelijking met de minimale implementatie strategie voor ongunstige maternale en 

foetale uitkomsten. Het kan wel kosteneffectief geacht worden voor richtlijn adherentie 

als beleidsbepalers bereid zijn 1745 euro per extra gevolgde richtlijn te betalen.

Hoofdstuk 7 bevat de algemene discussie en perspectief voor de toekomst.

&
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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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