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General introduction
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1 Introduction
In the past decades the implementation of antenatal glucocorticoids, postnatal 
surfactant therapy, new modalities of respiratory support and nutritional 
intervention in perinatal and neonatal care have led to an increased survival 
amongst the lowest birth weight infants. However, associated with this improved 
survival are high rates of short-term morbidities and long term neurodevelopmental 
sequelae, of which bronchopulmonary dysplasia (BPD) continues to be the most 
important complication.1,2

Since the most important risk factor for BPD is preterm birth, the treatment strategy 
for preventing BPD starts with avoiding or postponing preterm labour. However, 
when preterm birth is imminent, the use of antenatal glucocorticoid therapy has 
gained increasing popularity. In contrast to the view on the benefits of antenatal 
glucocorticoids, the debate on postnatal use of glucocorticoids to prevent or treat 
established BPD is still ongoing.
 
In this general introduction, we will first discuss some basic molecular facts on 
glucocorticoids and the current insights on the pathophysiology of BPD before 
addressing the evidence based use of glucocorticoids in three parts: (1) antenatal 
glucocorticoid therapy aimed at preventing neonatal mortality and morbidity, 
(2) systemic postnatal glucocorticoid therapy, mainly dexamethasone aimed at 
preventing BPD or improving clinical outcomes in preterm infants with developing 
BPD, and (3) alternative strategies of administrating and subtypes of postnatal 
glucocorticoids. The final chapter of this introduction will outline current knowledge 
on risk assessment of BPD at an early postnatal age. 

Evidence-based medicine or EBM is the integration of best research evidence with 
clinical expertise and patient values, leading the creation of systematic reviews 
and concise summaries of the effects of health care, epitomized by the Cochrane 
Library.3,4 In general, the strongest evidence for therapeutic interventions in 
medicine is considered to be provided by systematic reviews of randomized, triple-
blind, placebo-controlled trials with allocation concealment and complete follow-up 
involving a homogeneous patient population and medical condition. However, 
since the systematic reviews on antenatal and postnatal glucocorticoid use include 
RCTs with tremendous clinical heterogeneity, tailoring these pooled results back 
to individual patients remains a challenge for the clinician and one of the most 
often mentioned criticisms of evidence-based medicine.5-7 The main outline of this 
thesis is to investigate the effects of antenatal and postnatal systemic and inhaled 
glucocorticoids to guide future research and current guidelines in tailoring the 
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known evidence towards “personalized” evidence based medicine assessing the 
benefit to risk ratio of these treatments in the individual patient.

2 Glucocorticoids: molecular facts and knowledge
Natural glucocorticoid hormones are produced by the fetal adrenal cortex and 
regulate intrauterine homeostasis and the maturation of organ systems in order to 
prepare the fetus for extrauterine life.8 
Synthetic glucocorticoids suppress inflammation in a wide variety of diseases, 
and therefore are being used in practically every field of medicine, often being the 
most effective therapy available in diseases such as asthma, immunological and 
dermatological diseases, cancer etc.9,10 Natural and synthetic glucocorticoids contain 
a basic molecular structure necessary for its function (Figure 1), but the chemical 
modification of the basic molecule is responsible for the subtypes of glucocorticoids, 
such as dexamethasone, hydrocortisone etc. (Figure 2). These subtypes of drugs 
differ in glucocorticoid activity, bioavailability and pharmacokinetics (Table 1).  

Table 1 Bioactivity and pharmacokinetics of glucocorticoid preparations

Approximate 
equivalent dose (mg)

Relative anti-
inflammatory 

activity

Relative 
mineralocorticoid 

activity

Duration of 
actions (hrs)

Cortisol 20 1 1 8-12
Dexamethasone 0.75 30 0 36-72
Betamethasone 0.65 30 0 36-72

Hydrocortisone 20 1 1 8-12
Prednisolone 5 4 0.8 12-36

Methylprednisolone 4 5 0.5 12-36
Adapted from: Schimmer BP, Parker KL: Adrenocorticotrophic hormone; adrenocortical steroids and their synthetic 
analogs; inhibitors of the synthesis and actions of adrenocortical hormones; Chapter 59 Pharmacological basis of 
therapeutics: 11th ed Brunton LL etal. (eds.) 2006 McGraw Hill, New York, NY.

Figure 1 Basic molecular structure glucocorticoid

10
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Very low birth weight infants are described to have transient adrenocortical 
insufficiency and those who have a low or suboptimal serum cortisol, the natural 
form of glucocorticoid might have a higher risk of developing BPD.11 Another 
important natural pathophysiological mechanism to keep in mind when judging 
known literature on the use of glucocorticoids in newborns is the presence (or 
absence) of 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD-2). Studies in 
animals show that this enzyme is in large amounts present in the placenta and 
causes lower fetal than maternal glucocorticoid levels.12 It has been shown that this 
enzyme has a high expression in the fetal and neonatal brain, gut and kidney tissue 
and none in lung tissue.13 Even more important is the fact that only glucocorticoids 
such as (methyl)-prednisolone and hydrocortisone are substrates for inactivation by 
this enzyme, whereas dexamethasone and betamethasone are not inhibited.14

Figure 2  Molecular structures of glucocorticoids 

2a Cortisol

2c Betamethasone 2d Hydrocortisone

2b Dexamethasone
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3 Bronchopulmonary dysplasia as a health burden
The first description of BPD by Northway et al. in 1967 was one of severe lung injury 
in relatively mature preterm infants, who were ventilated with high pressures and 
high concentrations of oxygen, before the advent of surfactant therapy.15 This so 
called “classical” BPD is characterized by profound lung parenchymal inflammation, 
fibrosis and muscle hypertrophy and diffuse airway damage.16 

Both the etiology and clinical picture of BPD have changed over the last decades. 
After the introduction of prenatal steroids and postnatal surfactant, the “classical” 
form of BPD is infrequently seen in infants exceeding a birth weight of more 
than 1200 grams and 30 weeks of gestational age.17,18 Despite these advances in 
neonatal care the prevalence of BPD has changed little over the last decades due 
to the improved survival rate of ever more very preterm infants. Treatment of the 
very young has led to a new pattern of lung injury.1 This so called “new” BPD is 
mainly seen in very preterm infants with gestational ages less than 30 weeks. It is 
characterized by an arrest in lung development with fewer and larger alveoli, and 
less striking fibrosis and inflammation.19,20 Due to the recognition of this new entity, 
the international criteria for BPD have been changed from 28 days postnatal age 
to 36 weeks postmenstrual age.21 Cohort studies showed that the latter timing of 
diagnosis determined the long term pulmonary and neurological outcome superior 
to the old definition.22 

BPD is characterized by extended respiratory support, a compromised lung function 
during a prolonged primary hospitalization for several months and recurrent 
respiratory infections during the first years of life, as well as long-term pulmonary 
morbidity into adolescence.23-26 Furthermore, patients with established BPD are 
at high risk of cerebral palsy and developmental delay as BPD has repeatedly 
been shown to be an independent risk factor for adverse neurodevelopmental 
outcome.22,27-29

BPD is considered a multifactorial disease, where besides genetic susceptibility, 
intrauterine growth restriction, nutritional deficits, direct mechanical injury caused 
by artificial ventilation, oxygen toxicity and pulmonary inflammation has been 
identified as an important cause in the development of BPD, explaining the rationale 
of using antenatal and postnatal glucocorticoids (Figure 3).17,18,30,31

12
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4 Evidence on antenatal glucocorticoid therapy
In an attempt to postpone preterm birth, Liggins et al. by accident demonstrated 
that antenatal glucocorticoid therapy reduced the incidence of respiratory distress 
syndrome (RDS) and mortality in their offspring when administered to women at 
risk for preterm delivery.32,33 Since that landmark publication, numerous placebo 
controlled RCTs summarized in the Cochrane review by Roberts et al. confirmed 
these findings, including lower requirements for surfactant therapy, lower 
concentrations of supplemental oxygen, decreased need for prolonged mechanical 
ventilation, a lower incidence of intraventricular hemorrhage and necrotizing 
enterocolitis.34 However, the Cochrane review does not provide answers at what 
gestational age these effects start to appear.
The American College of Obstetricians and Gynaecologists (ACOG), Royal 
College of Medicine, and other major organizations have recommended antenatal 

Bronchopulmonary 
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lung injury
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Additional Lung injury
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Figure 3 Pathogenesis of BPD
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glucocorticoid treatment for women at risk for preterm delivery prior to 34 weeks of 
gestation, regardless of gestational age.35-38 
Although the positive effects of antenatal glucocorticoids administered to women 
at imminent birth is internationally and unanimous embraced, there is growing 
evidence that repeated courses of antenatal glucocorticoids might have adverse 
long-term sequelae in terms of growth and neurodevelopmental outcome of the 
preterm infant.37,39 Therefore, it is of the utmost importance to confirm the efficacy 
of antenatal glucocorticoids in the subgroup of patients born at extremely preterm 
gestational age, because these infants have the highest chance of receiving multiple 
courses when the delivery is postponed. 

5 Evidence on postnatal glucocorticoid therapy
Pulmonary inflammation plays a central, modulating role in the pathogenesis of 
BPD and glucocorticoids have a strong anti-inflammatory effect, making them an 
ideal candidate to attenuate the inflammatory response associated with BPD: the 
rationale of glucocorticoids seems justified. However, after 40 years of research, 
glucocorticoids for the prevention and treatment of BPD in preterm infants still 
is one of the most controversial and ongoing hot topics in neonatology. In the 
mid 1990s randomized controlled trials (RCTs) clearly showed that systemic 
glucocorticoids, mainly dexamethasone, significantly reduced the incidence of BPD 
and the combined outcome BPD and death, in preterm infants at risk, independent 
of the time of postnatal administration.40,41 This led to the belief that glucocorticoids 
could be the “magic bullet” in the treatment of preterm infants at high risk of BPD. 
As a consequence, 25-50% of all extreme preterm infants were treated with this 
medication at the end of the 1990s.42,43 

However, after the first reports on long-term neurodevelopmental outcome were 
published the view of glucocorticoids changed into a stigma of “misguided rockets” 
for these trials showed an association with increased risk of abnormal neurological 
development.44-47 

RCTs investigating postnatal glucocorticoids, mainly dexamethasone were 
summarized in several reviews. These reviews divided the therapy according to the 
timing of administration, being early (<96 hr), moderately early (7-14 days) or late (> 
3 weeks) onset.48-52

All these reviews showed a significant reduction in the combined outcome mortality 
and BPD at 28 days postnatal age and 36 weeks PMA in the group of patients 
receiving systemic glucocorticoids compared to placebo, regardless of the timing 
of administration. Furthermore, the treated infants could be extubated earlier, 
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however at the costs of short-term transient adverse effects, such hyperglycemia, 
gastrointestinal bleeding, perforation and hypertension. The meta-analysis of trials 
investigating glucocorticoid therapy at an early onset showed a significant increase 
in adverse long term neurological development, such as cerebral palsy, neurological 
exams and developmental delay.52 However, the reviews on moderately early and 
late administration (> 7th day of life) did not show any difference between the treated 
patients and the placebo group.49-51  

In response to these reports, the American Academy of Pediatrics, the Canadian 
Pediatric Society and the European Association of Perinatal Medicine concluded 
that routine use of systemic dexamethasone in the treatment of BPD could no longer 
be recommended until further research has established the optimal type, dose and 
timing of glucocorticoid therapy.55,56

The international neonatal community has discarded the use of early postnatal 
glucocorticoids completely for the above reasons and therefore was not a subject 
for this thesis. Regarding the use of moderately early or late postnatal systemic 
glucocorticoids, the clinicians face a dilemma in those patients at high risk of BPD, 
since BPD is associated with an increased risk of adverse neurological outcome 
itself. A systematic review using meta-regression showed that the adverse effects 
of moderately early or late administrated postnatal glucocorticoids on long term 
neurodevelopmental outcome might be modified by the BPD risk.57 In line with the 
current opinion of postnatal glucocorticoids being “misguided rockets”, clinicians 
postpone its administration until the 3-4th week of postnatal life and lowering the 
dosage schedule without knowing the effect of this policy change on the benefit to 
risk ratio.

The known reviews stacked information from trials with tremendous clinical 
heterogeneity in their inclusion criteria, number of patients included, dose 
and duration of therapy, route of administration, and timing of therapy onset. 
Furthermore, these reviews are flawed due to missing patient characteristics and 
outcome parameters and are possibly biased due to the unrestrained allowance 
of late ‘rescue’ glucocorticoid therapy in the placebo group. Using this clinical 
heterogeneity by dividing the different RCTs into subgroups according to the used 
cumulative dexamethasone dose and percentage of open label glucocorticoids 
prescribed in the placebo group, the effect modification of these variables can be 
determined.
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6 Evidence on alternative administration 
glucocorticoid therapy
The Cochrane review pooling the results of 5 studies investigating early postnatal 
administration of inhaled glucocorticoids in ventilated preterm infants showed 
that it did not prevent BPD at 36 weeks PMA or mortality.58 More patients who had 
received placebo eventually received systemic glucocorticoids compared to treated 
infants, although this difference did not reach significance. The meta-analysis in 
the Cochrane review found that inhaled glucocorticoids have no advantages over 
systemic administration in mortality, duration of oxygen therapy, or the incidences 
of BPD.59 
Meta-analyses of the systematic review performed in 2000 provide little evidence 
of long term benefit of inhaled glucocorticoids for infants with established BPD.60 
The four included RCTs randomized preterm infants who were dependent upon 
mechanical ventilation after 14 days of life. They showed that patients who received 
inhaled glucocorticoids were more likely to be successfully extubated than the 
controls. Data were insufficient to reach any conclusion on the effectiveness of 
inhaled glucocorticoid therapy on the incidence and severity of BPD. Since the last 
update of this review was performed in 2000 renewal was necessary to establish the 
most current evidence on this topic.

7 Evidence on alternative glucocorticoids
Based on the above described concern on the long term neurodevelopmental 
outcomes administrating dexamethasone, the use of alternative anti-inflammatory 
glucocorticoids, such as hydrocortisone have been suggested. Animal studies 
have suggested that, in contrast to dexamethasone, hydrocortisone has no 
detrimental effect on the brain.61 Retrospective cohort studies have suggested that 
hydrocortisone treatment is equally effective in reducing death or BPD compared 
with dexamethasone treated infants without causing an increased risk of adverse 
neurological outcome.62,63 
To date, eight RCTs investigated a low hydrocortisone dose started within < 72 
hours after birth (early treatment onset). Meta-analysis of these trials failed to show 
a clear reduction in the incidence of death or BPD.64 Only one of these trials reported 
long-term follow-up, showing no differences in adverse neurodevelopmental 
sequelae.65 No placebo controlled randomized trials have investigated the use of 
hydrocortisone after the first week in life in ventilator dependent preterm infants. 

16
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8 Risk assessment of BPD at an early postnatal age
Taking into account the results of the aforementioned systematic review showing 
that the adverse effects of moderately early or late administrated postnatal 
glucocorticoids on long term neurodevelopmental outcome might be modified 
by the BPD risk, underlines the importance of predicting BPD at an early age.57 
Extending the scope of BPD prevention outside the glucocorticoid debate, many 
interventions possibly contributing to the prevention of BPD have been investigated 
in RCTs, yet with disappointing results.66,67  One of the possible explanations for 
these disappointing trial results may be our current poor ability to predict which 
infant will experience this morbidity at an early stage in life. Clinicians and 
researchers fail to identify those patients who will benefit most from interventions 
aimed at reducing the risk of BPD and even more important, fail to prevent exposure 
to unnecessary potential harmful therapies, for example early glucocorticoid use. 
Although recently several models have been developed to predict BPD, appropriate 
quantitative validation of these models has not been conducted and none of these 
models has been implemented in clinical care or in recently performed randomized 
controlled trials preventing or treating BPD. 

At present, the clinician is left with uncertainty and bias: which of his preterm 
patients will develop BPD and what is the true effectiveness-harm ratio of an early 
intervention with steroids?

9 Aim of this thesis
The aim of this thesis is to answer the following questions:
1. Is the established overall effect of antenatal glucocorticoids on neonatal mortality 

and morbidity as effective in the subgroup of extremely preterm born infants (i.e. 
born with a gestational age < 26 weeks)?

2. Will lowering the dose of postnatal glucocorticoids change the risk to benefit ratio 
known from randomized trials in reducing the risk of late neurodevelopmental 
sequelae without reducing the beneficial effects on pulmonary outcomes?

3. Does the use of open label glucocorticoids outside the study protocol change 
the observed effects on short-term and long-term pulmonary effects, short term 
adverse effects, and subsequent neurodevelopmental sequelae?

4. What is the evidence regarding the use of inhalation glucocorticoids as an 
alternative therapy for systemic glucocorticoids administered at a moderately 
early onset?

5. What is the accuracy of the recently published clinical prediction models for 
BPD?

General introduction and outline
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10 Outline of this thesis
Although it is generally accepted that antenatal corticosteroids reduce neonatal 
complications after preterm labor, it is unclear at what gestational age this effect starts 
to occur. Chapter 2 describes a systematic review and consequently meta-analysis 
determining the short- and medium long-term effects of antenatal glucocorticoids 
on fetal and neonatal mortality and pulmonary and neurodevelopmental sequelae 
using information from the available RCTs of women at risk of preterm birth 
prior to 26 weeks treated with antenatal glucocorticoids for accelerating fetal lung 
maturation.

Systemic postnatal dexamethasone treatment given after the first week of life 
reduces the risk of BPD in preterm infants but also may be associated with 
increased risk of neurodevelopmental impairment. Because it is not known 
whether these effects are modulated by the cumulative dexamethasone dose, we 
systematically reviewed the available randomized evidence on the effects of lower 
versus higher cumulative dexamethasone doses, in terms of death, pulmonary 
morbidity, and neurodevelopmental outcomes, in preterm infants. In Chapter 
3 the results of the systematic review of the trials comparing higher- versus 
lower-dosage dexamethasone regimens head to head in ventilated preterm infants 
are summarized. 

Chapter 4 shows the RCTs comparing dexamethasone with placebo in ventilated 
preterm infants after 7 days, analyzed by using subgroup meta-analysis and 
meta-regression. Subgroups were created by assigning each included study to 
1 of 3 subgroups on the basis of the cumulative dexamethasone dose used in the 
intervention arm. Weighted meta-regression analysis was performed to explore a 
dosage/effect size relation by plotting the individual risk difference of the separate 
trials against the respective cumulative dose and duration of therapy of that study 
as the independent variable for each outcome parameter.

Open label glucocorticoids (OLG) outside the protocol are often used in the trials 
investigating postnatal dexamethasone treatment in ventilated preterm infants 
making interpretation of these results difficult. To determine if OLG use modulates 
the dexamethasone treatment effect on mortality, BPD and neurodevelopmental 
outcome, Chapter 5 outlines the results of meta-regression analysis and subgroup 
meta-analysis of the RCTs comparing dexamethasone with placebo in ventilated 
preterm infants older than 7 days according to the percentage of OLG use in the 
placebo group.

18
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In Chapter 6 a systematic review of placebo controlled RCTs is presented comparing 
the effectiveness of inhaled glucocorticoids versus placebo administered after the 
first week of life in preterm infants on the incidence of death or BPD at 36 weeks 
PMA and adverse effect during hospitalization and long-term follow-up. The 
balance between beneficial and adverse effects of glucocorticoids may be more 
favorable when using the inhalation route, because, ideally, inhaled glucocorticoids 
should demonstrate high pulmonary deposition, in addition to a low systemic 
bioavailability and rapid systemic clearance. 

Taking the controversy of postnatal dexamethasone into account, hydrocortisone 
has been suggested as an alternative glucocorticoid therapy. However, so far 
no randomized controlled trial has investigated its safety and efficacy when 
administered after the first week of life. In Chapter 7 we describe the study 
protocol of a multicenter randomized placebo controlled trial, currently recruiting 
participants in the Netherlands and Belgium. The trial (the SToP-BPD trial) will 
evaluate the safety and efficacy of postnatal hydrocortisone administration at a 
moderately early onset, i.e. after 7 post natal days 

Identifying risk factors and development of clinical prediction models for BPD could 
possible provide prognostic information, identifying infants likely to benefit from 
preventive strategies, and stratifying infants for clinical trial enrollment. Although 
several models have recently been developed to predict the risk of BPD in individual 
patients, no quantitative external validation of these models has been conducted. In 
Chapter 8 a systematic review is presented identifying all currently existing clinical 
prediction models for BPD in the international literature, subsequently validating 
these models in a large external cohort of preterm infants to determine which model 
has the highest accuracy in predicting BPD in very low birth weight infants.

The thesis continues with a general discussion in Chapter 9 findings are put in 
context, and implications for practice and results are formulated. Finally, this thesis 
concludes with a summary in English and in Dutch.

General introduction and outline
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Abstract
Objective: Although it is generally accepted that antenatal corticosteroids reduce 
neonatal complications after preterm labour, it is unclear at what gestational age 
this effect starts to occur. We conducted a systematic review of the literature to 
determine the effects of antenatal corticosteroids given to women at risk of preterm 
birth < 26 weeks gestation.
Data sources and methods of study selection: two reviewers independently searched 
electronic databases and the Cochrane Library for randomized controlled trials 
including women at imminent birth at a gestational age < 26 weeks. 
Tabulation, Integration, and Results: Nine randomized trials were included. 
Meta-analyses and meta-regression of trials including participants with a lower 
gestational age revealed no significant reduction of neonatal mortality and 
morbidity in the corticosteroid group as compared to non-intervention, in contrast 
to clear evidence of beneficial effects in trials including women given corticosteroids 
at a higher gestational age.
Conclusions: A gestational age dependent effect of antenatal corticosteroids on 
neonatal outcomes with lesser treatment benefits in patients < 26 weeks gestational 
age appears to exist. There is no evidence from randomized controlled trials to 
support or refute the recommendation of administrating antenatal corticosteroids 
to women at risk of preterm birth < 26 weeks gestation. 
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Introduction
A single course of prenatal corticosteroids given to the mother at risk of giving 
preterm birth is effective in reducing respiratory distress syndrome (RDS) and 
mortality.1 However, in view of the current insight into the mechanism through 
which RDS develops and how corticosteroids act to reduce RDS it is unclear at 
what gestational age (GA) this treatment starts to become effective. It is likely that 
antenatal corticosteroids can only exert their effect on lung function once adequate 
numbers of primitive alveoli and lamellar bodies have started to appear, i.e. after 
26 weeks of gestation. Another uncertainty in the management of pregnancies 
that may result in the birth of an extremely premature baby below 26 weeks GA is 
whether, in case the pregnancy is not delivered, one “salvage” or repeat courses of 
antenatal corticosteroids need to be considered later in gestation. There is mounting 
evidence that repeated courses of steroids may harm the baby.2 Therefore, it is of vital 
importance to know whether the treatment is already effective at early gestational 
ages, i.e. before 26 weeks. 

Faced with this dilemma, we identified 8 web-based practice guidelines on the 
management of imminent premature birth by electronic searches of MEDLINE, 
TRIP database and the National Guideline Clearinghouse database (Table 1).3-10 
When we appraised these ‘evidence based’ guidelines using the AGREE instrument 
to evaluate the scientific quality of the guidelines and their applicability to our 
research question, we found that all guidelines except one distinctly advise to 
give corticosteroids to mothers with threatened preterm delivery from 24 weeks 
gestational age onwards but none of the guidelines provides any supporting 
evidence for benefit of this treatment for the neonates at this threshold of viability 
below 26 weeks gestational age. This is worrisome, as from the pathophysiologic 
viewpoint one might expect that steroids are not effective at these low gestational 
ages, whereas in women who do not deliver after a first course, the dilemma of harm 
and benefit of repeating steroids will occur.

The aim of this systematic review and meta-analysis was to determine the short 
and medium long term the effects of antenatal corticosteroids on fetal and neonatal 
mortality, pulmonary and neurodevelopmental sequelae. To this aim we used 
information from the available randomized controlled trials (RCT) of women at 
risk of preterm birth prior to 26 weeks treated with antenatal corticosteroids for 
accelerating fetal lung maturation. 

Effects of antenatal glucocorticoids and gestational age
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Methods
This systematic review was conducted and is reported according to the PRISMA 
statement.11

Eligibility criteria
To be included in the review, studies had to meet the following criteria: (1) it had to 
be a RCT, including women at risk for preterm birth given antenatal glucocorticoids 
prior to a gestation of 26 weeks. Trials that included at least partly women before 
a gestation of 26 weeks were also eligible; (2) the intervention was a standardized 
course of antenatal glucocorticoids; (3) the trials had to report on one or more of the 
prespecified outcome parameters for this review (see below). Trials investigating 
the effect of methylprednisolone, multiple drugs or other co-interventions were 
excluded. Trials investigating the effect of repeated glucocorticoid doses giving 
first doses in both the intervention and non-intervention arm or placebo arm were 
also excluded. However, trials repeating study medication weekly, but solely in the 
intervention arm were included when patients the non-intervention arm received 
no antenatal glucocorticoids at any point.

Information sources 
The systematic review in the Cochrane library was identified as having the most 
extensive (sensitive) search strategy including all RCTs on antenatal corticosteroid 
treatment. Since the scope of the current review is to establish the effects of 
corticosteroids in extremely premature neonates, the Cochrane Library review was 
searched for RCTs also including women prior to 26 weeks gestation.1 We identified 
new clinical trials by electronic searches of MEDLINE (from 2005 onwards), 
EMBASE (from 2005 onwards), CINAHL (from 2005 onwards) and the CENTRAL in 
the Cochrane Library from the point when the Cochrane review was last updated 
in October 2005.

Search and study selection 
The electronic databases were independently searched by two reviewers (WO 
and MDL) using the Medical Subject Heading terms and text words steroid, 
glucocorticoid, betamethasone, dexamethasone or hydrocortisone combined with 
pregnancy or antenatal. The search was restricted to randomized controlled trials 
and human studies. No language restriction was used. Previous review manuscripts 
2006 onwards were hand searched and cross-referenced. Differences between 
reviewers in their inclusion or exclusion of studies were resolved by consensus.
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Data collection process 
Trial quality assessment of the included trials was performed and clinical data 
and outcome parameters were independently extracted by two reviewers (WO and 
MDL) using piloted forms. Disagreements were resolved by discussion. Original 
investigators of the included RCTs were not contacted to provide additional 
(unpublished) data.

Data items 
The following clinical data and outcome parameters were extracted: maternal 
characteristics (singleton or multiple pregnancy, preterm prelabour rupture of the 
membranes, elective preterm delivery) and neonatal patient characteristics (birth 
weight, length and head circumference at birth, gestational age, gender, APGAR 
scores, small for gestational age), number of patients randomized, type of intervention 
(including type of corticosteroid, dose, duration, frequency, repeated course or not), 
maternal and fetal/neonatal mortality, maternal adverse effects (glucose intolerance, 
hypertension, postnatal fever, admission to intensive care unit), presence of 
chorioamnionitis, incidence and severity of respiratory distress syndrome, 
incidence of mechanical ventilation; treatment with postnatal surfactant; incidence 
of sepsis, necrotizing enterocolitis (NEC), hypertension during hospitalization; 
duration of mechanical ventilation; mortality at 36 weeks postmenstrual age (PMA) 
and/or at hospital discharge; bronchopulmonary dysplasia (BPD) defined as oxygen 
dependency at 36 weeks PMA; long-term neurodevelopmental sequelae, including 
cerebral palsy and Bayley’s Scales of Infant Development (Mental Development 
Index, MDI). 

Risk of bias in individual studies 
Trial quality assessment of the included trials was performed using the criteria 
described in the Cochrane Reviewers’ Handbook,12 rating the following: risk for 
bias by insufficient allocation concealment, blinding of intervention, completeness 
of follow-up and blinding of outcome measurements.

Summary measures and synthesis of results 
Meta-analysis of the extracted data was performed using the standard methods of 
the Cochrane Neonatal Review Group.12 First, the included trials were examined 
for reporting the specified outcomes in subgroups of patients born after a gestation 
less than 26 weeks. Subsequently, the relation between the mean gestational age 
of the included patients in the non-intervention arm and the effect estimates was 
investigated. The mean gestational age of the patients in the non-intervention arm 
at trial entry were used, unless this parameter was not reported in the manuscript; 
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in those cases the mean gestational age at delivery was used. To investigate whether 
using age at delivery influenced the results, separate analyses were performed 
including only the RCTs reporting the mean gestational age at trial entry and the 
trials reporting the mean gestational age at delivery.

Weighted meta-regression analysis using Stata 9.2 (Stata Corporation, College 
Station, Texas, USA) was performed to explore a mean gestational age to effect size 
relation. For each outcome parameter, the individual risk difference of the separate 
trials was plotted against the mean gestational age in the non-intervention arm of 
that study as the independent variable. When the scatter plot suggested the existence 
of a dosage to effect size relation, a weighted meta-regression with the mean 
gestational age in the placebo arm as the independent covariate was performed. In 
a subsequent analysis, the trials were divided into two subgroups by assigning each 
included study based on the mean gestational age in the non-intervention arm as 
described above. We used an arbitrary cut-off point of 28 weeks mean gestational 
age in the non-intervention arm as this divided the trials into two distinctive 
subgroups. Next, the dichotomous outcomes treatment effect estimates for all trials 
were calculated, expressed as typical relative risk (RR), all with a 95% confidence 
interval (CI). Finally, gestational age-specific estimates on all outcome parameters 
were pooled in the predefined subgroups. 

Risk of publication bias, heterogeneity across studies 
In the absence of statistical heterogeneity in one of the subgroups (p > 0.05), 
fixed-effects models were used for the meta-analyses and meta-regression, otherwise 
random effects models were used. Again, a similar analysis was done using mean 
gestational age at delivery. The possibility of publication bias was assessed by 
performing a funnel plot using the effect of each trial by the inverse of its standard 
error. This funnel plot was evaluated by sight for asymmetry. 

Additional analyses 
Sensitivity analyses were pre-specified and performed to assess the role of trials 
that were non-placebo controlled. The usage of the mean gestational age at trial 
entry and at delivery was compared in subgroup analyses and meta-regression; 
treatment effect estimates with or without inclusion of those trials were compared.
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Results
Study selection 
The results of the search strategy for randomized controlled trials and the flow of 
information through the different phases of the review are shown in Figure 1. The 
2005 Cochrane review included 21 placebo controlled RCTs investigating the effect of 
antenatal steroids on women at high risk of giving preterm birth.1 After reading the 
abstracts of these trials, six were excluded for the current review, for only women with 
a gestation > 26 weeks were included in these trials.13-18 Reading the full manuscripts 
of the remaining trials excluded six more trials for the same reason.19-24 One more 
trial was discarded because no gestational age of the patients was reported.25 

Figure 1. Flow of inclusion randomized controlled trials in different phases of search. RCTs Randomized controlled 
trials; ANS Antenatal steroids; GA Gestational age.

217 Potentially relevant citations screened for retrieval 
(May 2006 onwards)

21 RCTs identified by the Cochrane Review(1)

13 Abstracts retrieved for more detailed evaluation
from electronic search 

204 Citations excluded 
(clearly not relevant)

6 Abstracts of RCTs included in the Cochrane 
reveiw were excluded, because the abstract 
stated that participants with a gestation 
> 26 weeks were included(13-18)

17 full-text articles assessed for eligibility
- 15 from Cochrane
- 2 from the electronic search

9 of full-text articles excluded
- 1 RCT GA not reported(25)

- 6 RCTs not including patients < 26 wks GA(19-24)

- 1 RCT not placebo-controlled(36)

9  studies included in
quantitative synthesis
(meta-analysis)(26-33,35)

21 Abstracts from Cochrane RCTs 
retrieved for more detailed evaluation

11 Abstracts from electronic search excluded, because
- 7 RCTs on repeated doses ANS(43-49) 
- 2 RCTs including only full term pregnancies (50,51) 

- 2 RCTs giving steroids without imminent 
delivery(52,53)
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Eventually, 8 trials identified by the 2005 Cochrane review were included in this 
review.26-33 Two RCTs were only reported as abstracts.26,33 Cross-referencing these 
trials and the Cochrane review revealed one additional report on long term follow-
up of the original trial.34 The electronic search for RCTs from October 2005 onward 
yielded 217 citations (Figure 1). Most citations were clearly not relevant to our scope. 
The abstracts of two manuscripts disclosed potential to be included in this review. 
After reading these two full manuscripts, one RCT was included in this review35, 
whereas the second manuscript compared betamethasone versus dexamethasone 
without a non-intervention arm and was therefore excluded.36

Study characteristics 
The combined searches for RCTs combined revealed 9 trials randomizing 1,118 
newborn patients to be included in this review. Seven trials included preterm 
infants with a similar gestational age and birth weight, whereas two trials included 
patients with considerable lower gestational age and birth weight (Table 2).31,32 
Trial publication dates ranged from 1980 to 2006, which explains the variations in 
mean gestational age, mean birth weight and the use of exogenous surfactant. The 
included trials varied considerable in the prescribed dosage schedules of study 
medication. Three trials used dexamethasone as their intervention medication in 
comparable dosage schedules.28,32,35 The other trials investigated betamethasone 
with an dosage of 12 mg per day for two consecutive days, except the trial of Parsons 
et al. which used betamethasone at a dose of 24 mg/day for two consecutive days.33 
Five trials repeated study medication weekly whereas in four studies a single course 
was given. The five trials with weekly repeated study medication did so until 
delivery or until a gestational age varying from 32 weeks to 34 weeks except for two 
trials.31,32 The latter trials prescribed weekly corticosteroids until a gestational age 
of 28 and 29 weeks, respectively, after which the participants in both treatment and 

Table 1: Current practice guidelines on the management of imminent preterm birth

Author Publication 
year

Systematic 
review included

Clearly 
described  study 
selection criteria

Clear methods 
to develop  

recommendations

Explicit 
discussion of 

health benefits/
harm

Revised in the 
last 5 years

Subgroup analysis 
for GA < 26 wks

Advise giving  Ccs 
from 24 wks

Lamont4 2003 Yes Yes Yes Yes No No Yes
Crane5 2003 Unclear No +/- Yes No No Yes
RCOG6 2004 Yes Yes Yes Yes No No Yes
Di Renzo7 2006 No No No Yes Yes No Yes

Sweet8 2007 Unclear No +/- Yes Yes No No minim GA advised
Pignotti9 2007 No No No Yes Yes No Yes
Miracle3 2008 No No +/- Yes Yes No Yes
ACOG10 2008 Unclear No No Yes Yes No Yes
Ccs: corticosteroids; Minim: minimum; GA: Gestational age 
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non-intervention arm were off study protocol and treated at the judgment of the 
attending physician.
The trial performed by Carlan et al. investigated the effects of antenatal steroids 
combined with thyrotropin-releasing hormone versus non-intervention in a 
three-arm trial design.26 In the current review only data from the non-intervention 
arm and the intervention arm with solely antenatal steroids were used. The trial 
performed by Doran et al. reported the incidence of RDS in subgroups born before 
28 weeks gestation and above 28 weeks gestation without reporting the mean 
gestational age at treatment onset in these different subgroups.30 These data were 
included in the subgroup meta-analyses of RDS, in the subgroup meta-analyses for 
the other clinical outcomes and the meta-regression analyses using mean gestational 

Table 1: Current practice guidelines on the management of imminent preterm birth

Author Publication 
year

Systematic 
review included

Clearly 
described  study 
selection criteria

Clear methods 
to develop  

recommendations

Explicit 
discussion of 

health benefits/
harm

Revised in the 
last 5 years

Subgroup analysis 
for GA < 26 wks

Advise giving  Ccs 
from 24 wks

Lamont4 2003 Yes Yes Yes Yes No No Yes
Crane5 2003 Unclear No +/- Yes No No Yes
RCOG6 2004 Yes Yes Yes Yes No No Yes
Di Renzo7 2006 No No No Yes Yes No Yes

Sweet8 2007 Unclear No +/- Yes Yes No No minim GA advised
Pignotti9 2007 No No No Yes Yes No Yes
Miracle3 2008 No No +/- Yes Yes No Yes
ACOG10 2008 Unclear No No Yes Yes No Yes
Ccs: corticosteroids; Minim: minimum; GA: Gestational age 

CI Confidence interval; RCTs Randomized controlled trials; MGA Mean gestational age.

Overall  (I-squared = 10.3%, p = 0.350)

Subtotal  (I-squared = 0.0%, p = 0.500)

Lewis

Parsons

Gamsu

Silver

Doran

Kari

Subtotal  (I-squared = 13.3%, p = 0.330)

RCTs with MGA ≤ 28 wks

Garite

RCTs with MGA >28 wks

Study

0.73 (0.52, 1.02)

0.98 (0.57, 1.67)

1.03 (0.07, 15.82)

0.32 (0.01, 7.45)

0.71 (0.39, 1.31)

RR (95% CI)

0.78 (0.32, 1.90)

0.28 (0.11, 0.73)

1.13 (0.43, 2.99)

0.62 (0.40, 0.96)

1.14 (0.59, 2.21)

49/458

20/90

1/38

0/23

15/131

Treatment

8/54

5/81

8/95

29/368

12/36

Events,

65/438

20/83

1/39

1/22

22/137

Control

8/42

14/63

7/94

45/355

12/41

Events,

100.00

30.16

1.47

2.29

32.08

Weight

13.43

23.50

10.50

69.84

16.74

%

  1..2 ..5 2 5
Favours intervention             Favours non-intervention

Figure 2. Subgroup meta-analysis of the outcome fetal and neonatal death.
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age, the results of the whole trial were used. Liu et al. investigated the effects of 
vitamin K with or without the combination of antenatal steroids, given for either 
one day or two consecutive days versus a non-intervention arm.35 For the analyses 
in this review only the randomized group of patients receiving solely the antenatal 
corticosteroids and the non-intervention arm were used. 

Table 2. Characteristics of included trials

Author Year N Patients 
(IA/NIA)

GAI (wk) 
(IA/NIA)

GAD (wk) 
(IA/NIA)

BW (g) 
(IA/NIA)

TS DD TDT R

Parsons33 1988 23/22 29.7/29.7 1561/1869 Beta 2 dd 12mg 2 days Yes, until 32 wks
Gamsu27 1989 131/137 31.5/31.4 34.7/33.6 2203/2133 Beta 3 dd 4mg 2 days No
Carlan26 1991 13/11 31/30 1864/1840 Beta 1 dd 12mg 2 days Yes, until 34 wks
Kari28 1994 94/94 28.9/28.9 31.5/32.4 1654/1783 Dexa 2 dd 6mg 2 days No

Lewis29 1996 38/39 29.3/29.7 31.4/32 1611/1734 Beta 1 dd 12mg 2 days Yes, until delivery
Liu35 2006 133/87 32/31.9 1995/1995 Dexa 1 dd 10mg 1 or 2 days No
Doran30 1980 81/63 30.3/29.1 33.6/31.8 2086/1880 Beta 2 dd 6mg 2 days No
Garite31 1992 40/42 25.5/25.8 1242/1071 Beta 1 dd 12mg 2 days Yes, until 28 wks*
Silver32 1996 54/42 25.1/25.6 26.9/26.6 917/941 Dexa 2 dd 5mg 2 days Yes, until 29 wks*
IA/NIA: intervention arm/non-intervention arm; GAI mean gestational age in weeks at trial inclusion; GAD mean 
gestational age in weeks at delivery; BW birth weight in grams; TS type of study medication; Beta betamethasone; Dexa 
dexamethasone; DD/dd daily dose of study medication; TDT total days of therapy; R weekly repeated schedule; SF 
surfactant; * after respectively 28 and 29 wks the participants were off study protocol and treated at the discretion of the 
attending physician

RCTs Randomized controlled trials; MGA Mean gestational age; Since Doran et al.30 reported respiratory distress 
syndrome in subgroups ≤ and > 28 weeks gestational age these data were divided in the corresponding subgroups 
(Doran(1) and Doran(2))

Overall  (I-squared = 50.8%, p = 0.032)

Liu

Doran (1)

Parsons

RCTs with MGA >28 wks

Gamsu

Lewis

Study

Doran (2)
Carlan

Subtotal  (I-squared = 0.0%, p = 0.528)

Subtotal  (I-squared = 0.0%, p = 0.901)

Garite

Kari

RCTs with MGA ≤ 28 wks

Silver

0.72 (0.61, 0.84)

0.55 (0.29, 1.02)

0.87 (0.26, 2.92)

0.96 (0.22, 4.24)

0.44 (0.19, 1.04)

0.42 (0.20, 0.90)

0.17 (0.02, 1.39)
0.30 (0.04, 2.27)

0.58 (0.45, 0.75)

0.95 (0.79, 1.14)

0.91 (0.65, 1.26)

RR (95% CI)

0.73 (0.52, 1.02)

0.98 (0.81, 1.20)

135/549

15/133

3/11

3/23

7/130

7/38

Events,

1/25
1/11

68/451

67/98

21/33

Treatment

34/91

43/54

175/498

18/87

5/16

3/22

16/132

17/39

Events,

4/17
4/13

108/400

67/98

28/40

Control

46/90

34/42

100.00

12.10

2.27

1.71

8.83

9.33

%

2.65
2.04

62.38

37.62

14.08

Weight

25.72

21.27

0.72 (0.61, 0.84) 135/549
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Figure 3. Subgroup meta-analysis of the outcome respiratory distress syndrome. 
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Risk of bias within studies 
The overall methodological quality of the trials was found to be ‘moderate’ to 
‘fair’ (Table 3). Although all studies reported to be randomized trials, 5 articles did 
not state the method of randomization. Only 3 out of 9 RCTs were judged to have 
adequate concealment of allocation29,31,32 and 4 RCTs described no clear blinding of 
intervention.26,29,33,35 The follow-up rate was reported in 7 of the 9 RCTs and judged 
to be good, but most reports did not report sufficiently on blinding of outcome 
assessment.

Results of individual studies and synthesis of results 
None of the included trials reported the effect of antenatal steroids in a 
subgroup of patients born before 26 weeks gestation. Therefore, meta-regression 
and meta-analyses were performed using the mean gestational age in the 
non-intervention arm as the independent variable.

Fetal and neonatal mortality: Meta-regression analysis did not show a significant 
correlation between the mean gestational age in the non-intervention arm and 
the risk of fetal and/or neonatal mortality (Table 4). However, both outcomes 
showed a negative regression coefficient suggestive for an inverse relation between 
the gestational age and the risk for fetal and/or neonatal mortality. The overall 
meta-analyses revealed no significant differences in the combined fetal and 
neonatal mortality rates between the antenatal steroids arm and non-intervention 
arm (Figure 2). However, in trials with a mean gestational age > 28 weeks 
administration of corticosteroids did significantly reduce the risk for this combined 
outcome (typical RR 0.62, 95% CI 0.40, 0.96) and the outcome mortality at hospital 
discharge (typical RR 0.61, 95% CI 0.39, 0.93). The meta-analyses of the two trials 
with a mean gestational age ≤ 28 weeks showed no evidence of a difference between 
the intervention and non-intervention arm regarding these outcomes (Table 5). 
Respiratory distress syndrome: Meta-regression analysis showed no significant 
correlation between the mean gestational age in the non-intervention arm and the 
risk of respiratory distress syndrome (RDS). Again, the outcomes showed a negative 
regression coefficient suggestive for an inverse relation between the gestational 
age and the risk for RDS (Risk Difference -0.45% per week of GA, 95% CI -3.00, 
2.11). The overall meta-analyses showed a typical relative risk of RDS between the 
antenatal steroids arm and non-intervention arm of 0.72 (95% CI 0.61, 0.84) (Figure 
3). This effect estimate was derived from the trials with a mean gestational age > 28 
weeks, because the subgroup analyses of these trials showed a significant reduction 
(typical RR 0.58, 95% CI 0.45, 0.75), whereas the meta-analysis of the trials with a 
mean gestational age of ≤ 28 weeks showed no evidence of a difference between the 
two arms (typical RR 0.95, 95% CI 0.79, 1.14). 
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Neurodevelopment: Only one trial reported long term neurodevelopmental 
development outcomes of a subgroup of participants recruited in a single center.34 
Therefore, no meta-regression or meta-analysis could be performed. This article 
reported on the neurodevelopmental outcome of 82 surviving participants, showing 
intact survival of 52% in the treated arm compared to 34% of the placebo treated 
participants (not statistically significant). No results in subgroups according to 
gestational age were reported.

Short term neonatal outcomes: Meta-regression analysis did not show significant 
associations between the mean gestational age and short term neonatal outcomes 
(Table 4). Overall and subgroup meta-analyses of the short term neonatal outcomes 
showed no significant differences in almost all of these outcome parameters, except 
for severe IVH: a significant reduction of IVH grades III-IV in favor of antenatal 
steroid treatment was found. This effect appeared to be independent of the mean 
gestational age (Table 5). 

Risk of bias across studies 
Given the presence of heterogeneity for the outcomes PDA and IVH grades III-IV in 
the subgroup meta-analyses, these estimates were calculated using random effect 
models. Clear asymmetries in the funnel plots were not found (figures not shown). 

Additional analyses 
None of the sensitivity analyses for other factors revealed a different pattern of results 
between the two subgroups (i.e. mean GA ≤ 28 weeks and >28 weeks) suggesting 
that these results were independent of the inclusion of non-placebo controlled trials 
and usage of the mean gestational age at trial entry or at delivery (data not shown). 

Table 3. Methodological quality of included trials

Author Randomization Concealment 
of allocation

Blinding of 
intervention

Follow-up ratea Blinded outcome 
assessment b

Parsons33 Yes, method not stated Insufficient data No 100/100 No
Gamsu27 Yes, method not stated Insufficient data Yes 100/100 Insufficient data
Carlan26 Yes, method not stated Insufficient data No Insufficient data Insufficient data
Kari28 Yes, block randomization Insufficient data Yes 96/94 Adequate

Lewis29 Yes, random table Adequate No 98/98 Insufficient data
Liu35 Yes, method not stated Insufficient data No Insufficient data No
Doran30 Yes, method not stated Insufficient data Yes 100/100 Insufficient data
Garite31 Yes, table random sequence, 

in sealed envelopes
Adequate Yes 90/98 Insufficient data

Silver32 Yes, computer generated Adequate Yes 100/100 Adequate
a Follow-up rate in percentages (Intervention/non-intervention) b Blinded assessment of outcome parameters at follow-
up
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Discussion
The administration of antenatal corticosteroids is generally considered to be one of the 
leading causes of improved neonatal outcome over the past decades. However, this 
progress has not been without debate about the choice of drug, the dosage, and mostly 
about whether corticosteroids should or should not be given repeatedly to women with 
threatened preterm delivery2,37 In this context, it is of vital importance to establish the 
utility in terms of efficacy and potential harms of antenatal steroids given to women 
prior to 26 weeks gestation to the neonates born at this gestational age. 

The present review summarized all available randomized evidence from RCTs 
which included women at risk of preterm birth before 26 weeks gestation. None 
of the existing RCTs reported the benefits or harms of antenatal corticosteroids in 
this specific subgroup. Therefore, no direct head-to-head comparison can be shown 
in order to guide clinicians whether to refute or endorse antenatal corticosteroids 
in this group of patients. However, using meta-regression analysis and subgroup 
meta-analysis of the existing randomized trials, we show that the beneficial effect 
of antenatal corticosteroids on fetal and neonatal mortality and RDS is clearly less 
apparent when given at a gestational age below 28 weeks.

All recent practice guidelines that we found3-10, distinctly recommend the 
administration of antenatal corticosteroids to mothers with threatened preterm 
delivery from 24 weeks gestational age onwards. However, none of these guidelines 
provide sufficient supporting evidence for this recommendation. 

The overall incidence of the combined outcome fetal and neonatal death, mortality 
at hospital discharge and respiratory distress syndrome were reduced significantly 
by antenatal corticosteroid treatment as compared to placebo or non-intervention. 
This reduction is positively related to the gestational age of the participants. 
Analyses of the individual trials in subgroups based on mean gestational age at 
participant inclusion show that the treatment effect of antenatal corticosteroids is 
only statistically significant in the infants at a mean gestational age of > 28 weeks. 
No evidence of any beneficial effect can be shown in the subgroup of trials that 
included participants with a mean gestational age ≤ 28 weeks. 

In contrast to these results, recent observational cohort studies show that 
administration of antenatal corticosteroids to infants born at extremely low 
gestational age are independently associated with reduction of mortality and 
respiratory distress syndrome.38-40 However, these types of studies are sensitive for 
major potential biases, such as selection bias, information bias and confounding and 
cannot be used as a sufficient basis for clinical management decisions. 
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Given the apparent lack of evidence for beneficial effects of antenatal corticosteroid 
therapy below 28 weeks of gestation as found in this review we can only speculate 
on the possible mechanisms, whether beneficial or harmful, explaining these 
findings. To understand the potential of steroids in extremely preterm infants 
we have to consider the current insights in fetal lung development. The direct 
effect of corticosteroids on lung development by maturation of the alveoli might 
differ depending on the gestational age at exposure, considering that the alveoli 
develop from 28 to 35 weeks’ gestation and with increasing age they become more 
mature. A possible harmful mechanism might be that administration of antenatal 
corticosteroids might cause an arrest of development of terminal bronchioles, 
leading to fewer and larger end lobules.41 On the other hand, corticosteroids may 
increase development of the lamellar bodies storing surfactant.42

An alternative explanation for the apparent lack of effect of antenatal corticosteroids 
on the pulmonary condition and clinical outcome (i.e. mortality) in the subgroup 
of participants with a mean gestational age of ≤ 28 weeks may be that the analyses 
are just underpowered. Most participants with a mean gestational age of ≤ 28 weeks 
were included in the trials with a mean gestational age of > 28 weeks. And so it may 
be that the lack of effect is a mixture of positive effects for babies born > 28 weeks and 
negative effects for those born ≤ 28 weeks. The fact that the point estimates of the 
various different outcomes in the subgroup with a mean gestational age ≤ 28 weeks 
are considerably stable suggests a genuine lack of effect of antenatal corticosteroids 
in this gestational age group. 

The lack of evidence for beneficial effect on short term neonatal outcomes, such 
as the incidence of PDA, sepsis, NEC and BPD at 28 days postnatal age should be 

Table 4. Meta-regression risk difference and mean gestational age of the non intervention arm

Outcome Nra (n) RD (%) (95% CI)b

Mortality and pulmonary outcome 
Fetal and neonatal mortality 7 (896) -0.68 (-4.07, 2.71)
Neonatal Mortality 7 (896) -0.26 (-2.18, 2.71)
Mortality at hospital discharge 5 (755) -0.79 (-7.24, 5.66)
RDS 9 (1047) -0.45 (-3.00, 2.11)

Short term neonatal outcome
PDAc 4 (303) -6.57 (-34.8, 21.7)
NEC 3 (352) -0.46 (-37.4, 36.5)
Sepsis 5 (636) -0.26  (-2.46, 1.95)
IVH all grades 4 (429) -1.02 (-12.9, 10.88)
IVH grades III-IV 4 (470) 1.59 (-0.43, 3.71)
BPD 3 (348) -0.55  (-4.54, 3.45)

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference (%) with 95% 
confidence interval per increasing week of gestation; c Given statistical heterogeneity random-effects model used; RDS 
Respiratory distress syndrome; PDA Persistent ductus arteriosus; NEC Necrotising enterocolitis; IVH Intraventricular 
hemorrhage; BPD Bronchopulmonary dysplasia at 28 days postnatal age.
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interpreted with caution. A possible explanation could be lack of power, because 
fewer trials with a small amount of infants were included compared to the Cochrane 
review.1 The only exception was the frequency of IVH grades III-IV. Administration 
of antenatal corticosteroids significantly reduced IVH grades III-IV regardless of 
the mean gestational age. However, these results were derived from subgroups of 
the original trials with small numbers in the numerator and denominator in both 
treatment and non-intervention arm, and therefore the relation to the administration 
of antenatal steroids remains questionable.

Our meta-analysis has several limitations. First, the trials that we included varied 
with regard to clinical characteristics of patients and study design. Besides the mean 
gestational age, trials also varied in the total exposure to antenatal corticosteroids 
due to a repeated schedule or not. It is unknown if and how these factors affect the 
treatment effect of antenatal corticosteroids in babies born before 26 weeks gestational 
age on the outcome parameters reported in this review. Furthermore, not all trials 
reported the primary and secondary outcome parameters. Although we pooled 
the data as if they were from clinically homogeneous studies, the apparent clinical 
diversity potentially compromises the validity of the results of our meta-analysis 
and we used the more conservative random effect models to avoid overestimation of 
spurious effects. Second, as discussed above, the sample size of the majority of trials 
was relatively small, which may have resulted in inadequate power to detect small, 
but clinically relevant differences in some of the important outcome parameters, 
especially during meta-regression and subgroup meta-analysis. Third, although the 
funnel plots did not show clear signs of publication bias, we cannot exclude this due 
to the small number of RCTs included. However, if this bias would exist, it would 
not interfere with the above described results since publication bias would lead to 
overestimation of the found effect estimates.

This review has implications both for daily practice and future research. None of 
the available practice guidelines provide evidence on the effectiveness of antenatal 
corticosteroids given prior to 26 weeks gestation and none of the RCTs reported 
on the effect of this treatment on the various different postnatal outcomes in this 
specific subgroup of patients. Therefore, this review fails to support or refute 
recommendations on the use of this treatment. 

Since the use of antenatal corticosteroids has become a standard practice in daily care 
of women at imminent preterm birth, the international community may be reluctant 
to prosecute a new placebo controlled trial in this specific group of immature 
patients. In order to help answer these unanswered questions on giving antenatal 
corticosteroids to women at imminent birth prior to 26 weeks of gestation, this 
review based on aggregate data may be enhanced by collecting and reanalyzing the 
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original data on each individual infant in each trial we have identified in a so called 
“individual patient data” or IPD meta-analysis. The use of IPD will allow for more 
appropriate and flexible analyses of both subgroups and outcomes. This reanalysis 
will provide more detailed information, thereby improving the applicability of the 
evidence in clinical practice. After such an IPD analysis the international obstetric 
and neonatal community will have to decide whether a large RCT including this 
specific subgroup of patients comparing administration of antenatal corticosteroids 
with a placebo group is needed to confirm or refute its findings, and to guide clinical 
practice.

We conclude that there is no evidence from randomized controlled trials showing 
beneficial effects of corticosteroid-treatment to women with threatened preterm 
labour prior to 26 weeks gestation. Meta-analysis and meta-regression of the 
available randomized evidence suggests that this therapy might have less beneficial 
effect on fetal and neonatal mortality and respiratory distress syndrome when given 
to patients at gestational age below 28 weeks. Given the present uncertainty with 
regard to benefits and harms of administrating antenatal corticosteroids at women 
at imminent birth prior to 26 weeks and the potential dangers of having to subject 
these women to multiple courses, empirical studies including IPD meta-analysis of 
existing data should be performed.

Table 5. Overall and subgroup meta-analyses according to mean gestational age in the non-intervention arm

Outcome All trials MGA ≤ 28 wks MGA > 28 weeks

Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and pulmonary outcome
Fetal and neonatal 
mortality

7 (896) 0.73 (0.52, 1.02) 2 (173) 0.98 (0.57, 1.67) 5 (723) 0.62 (0.40, 0.96)*

Neonatal Mortality 7 (896) 0.74 (0.51, 1.07) 2 (173) 0.86 (0.48, 1.53) 5 (723) 0.68 (0.43, 1.09)

Mortality at hospital 
discharge

5 (755) 0.71 (0.49, 1.02) 1 (77) 1.14 (0.59, 2.21) 4 (678) 0.61 (0.39, 0.93)*

RDS d 10 (1047) 0.72 (0.61, 0.84)* 3  (196) 0.95 (0.79, 1.14) 7 (851) 0.58 (0.45, 0.75)*
Short term neonatal outcome

PDAc 4 (303) 0.85 (0.67, 1.09) 2 (169) 1.12 (0.59, 2.11) 2 (134) 0.43 (0.15, 1.24)
NEC 3 (352) 1.12 (0.46, 2.72) 1 (96) 1.04 (0.25, 4.38) 2 (256) 1.12 (0.38, 3.60)
Sepsis 5 (636) 0.60 (0.28, 1.29) 1 (73) 0.40 (0.04, 3.70) 4 (563) 0.64 (0.28, 1.45)
IVH all gradesc 4 (429) 0.74 (0.51, 1.07) 2 (131) 0.90 (0.45, 1.78) 2 (298) 0.61 (0.31, 1.22)
IVH grades III-IV 5 (470) 0.42 (0.25, 0.70)* 2 (95) 0.20 (0.06, 0.64)* 3 (375) 0.53 (0.30, 0.95)*
BPD at 28 days PNA 3 (348) 1.22 (0.85, 1.74) 2 (169) 1.18 (0.78, 1.79) 1 (179) 1.29 (0.65, 2.57)

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference with 
95% confidence interval; c Given statistical heterogeneity random-effects model used; d Since Doran etal.30 reported 
respiratory distress sydrome in subgroups ≤ and > 28 weeks gestational age these data were divided in the corresponding 
subgroups; MGA Mean gestational age; RDS Respiratory distress syndrome; PDA Persistent ductus arteriosus; NEC 
Necrotising enterocolitis; IVH Intraventricular hemorrhage. BPD Bronchopulmonary dysplasia at 28 days postnatal age; 
* Statistical significance (p<0.05)
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Abstract
Objectives: Systemic postnatal dexamethasone reduces the risk of chronic lung 
disease (CLD) in preterm infants, but may also be associated with an increased 
risk of neurodevelopmental impairment. As it is unknown whether these effects 
are modulated by the cumulative dexamethasone dose, we systematically reviewed 
the available randomized evidence on the effects of a lower versus a higher 
cumulative dexamethasone dose in terms of mortality, pulmonary morbidity, and 
neurodevelopmental outcome in preterm infants.
Methods: Randomized controlled trials (RCTs) comparing a higher versus a lower 
dosage regimen of dexamethasone in ventilated preterm infants were identified 
by searching the main electronic databases, references from relevant studies and 
abstracts from the Societies for Pediatric Research (1990 onwards). Eligibility and 
quality of trials was assessed and data were extracted on study design, patient 
characteristics and the relevant outcomes. 
Results: Six studies enrolling a total of 209 participants were included; two studies 
contrasted the cumulative dexamethasone dose in the higher ranges (> 2.7 mg/kg in 
the higher dose regimen) and 4 in the lower ranges (≤ 2.7 mg/kg in the higher dose 
regimen). Meta-analysis revealed no effect of dexamethasone dose on mortality and 
neurodevelopmental sequelae in these two subgroups. Subgroup analysis of the 
studies contrasting the dexamethasone dose in the higher ranges showed that the 
highest dose of dexamethasone was more effective in reducing CLD than the lower 
dose (typical RR 0.67: 95% CI 0.45, 0.99). Interpretation of these data is hampered 
by small sample of randomized children, heterogeneity on study populations and 
designs, use of late rescue glucocorticoids and lack of long term neurodevelopmental 
data in some studies. 
Conclusions: Recommendations for optimal dexamethasone doses in preterm infants 
at risk for CLD cannot be based on current evidence. A well designed large RCT is 
urgently needed to establish the optimal dexamethasone dosage regimen. 
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Introduction
Chronic lung disease (CLD), defined as oxygen dependency at 36 weeks 
postmenstrual age (PMA) remains an important complication of prematurity, 
with a reported incidence of 8% to 35%.1,2 Besides direct mechanical injury 
caused by artificial ventilation and oxygen toxicity, pulmonary inflammation has 
been identified as an important cause in the development of CLD.3-5 Since the 
1980s, several randomized controlled trials (RCTs) have investigated the use of 
glucocorticoids, in particular dexamethasone, as a means to reduce the incidence 
of CLD. Some of these trials started glucocorticoid therapy in the first week of life 
(early), with the aim of preventing progression of the initial acute inflammatory 
response.6 Others used glucocorticoid therapy in infants who had evolving CLD, 
starting administration at 7-14 days (moderately early) or established CLD, starting > 3 
weeks (delayed) after birth.7,8 

The current Cochrane reviews of these RCTs clearly showed that systemic 
glucocorticoids, mainly dexamethasone, significantly reduced the incidence of CLD 
and the combined outcome CLD and death, in preterm infants at risk, independent 
of the time of postnatal administration.9-11 However, at the end of the 1990s, the 
first reports on long-term neurodevelopmental outcome were published, showing 
that postnatal systemic dexamethasone treatment was associated with an increased 
risk of abnormal neurological development.12,13 In response to these reports, 
the American Academy of Pediatrics, the Canadian Pediatric Society and the 
European Association of Perinatal Medicine concluded that routine use of systemic 
dexamethasone in the treatment of CLD could no longer be recommended until 
further research has established the optimal type, dose and timing of glucocorticoid 
therapy.14,15

Yet, dexamethasone is still used in most clinical settings around the world.16-19 
In an attempt to find the optimal dose of postnatal dexamethasone, i.e. the dose 
reducing the incidence of CLD without increasing the risk of adverse effects, some 
studies compared the effect of a higher dosage regimen of dexamethasone to a 
lower dosage regimen on these outcome parameters.20-25 Given the small number of 
patients included in these individual RCTs, we concluded that a systematic review 
with a meta-analysis would be needed to establish whether the currently available 
evidence can identify the optimal dose of dexamethasone, or whether additional 
studies are needed. 

Effects of postnatal higher versus lower dexamethasone doses
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Methods
Using the search strategy of the Cochrane Neonatal Review Group, studies were 
identified by electronic searches of MEDLINE (from 1966 onwards), EMBASE (from 
1974 onwards), CINAHL (from 1982 onwards) and the Cochrane Library, using the 
terms steroid, glucocorticoid and dexamethasone. Previous review manuscripts 
and the abstracts of the Society for Pediatric Research and the European Society for 
Pediatric Research from 1990 onwards were hand-searched.

In order to be included in the meta-analyses, the studies had to meet the following 
criteria: (1) the study was a randomized controlled trial, including ventilated preterm 
infants; (2) the intervention was a standardized non-individualized higher dosage 
regimen of systemic dexamethasone compared with a lower dosage regimen. Studies 
using different types of glucocorticoids (hydrocortisone and methylprednisolone) or 
inhalation glucocorticoids were excluded because a direct dose comparison of these 
steroids and administration routes with i.v. dexamethasone doses is not possible; 
(3) the studies had to report one or more of the following outcome parameters: 
mortality, CLD or long-term neurodevelopmental sequelae. 

Two authors (WO and ADJ) evaluated the full text of the relevant reports and 
assessed the methodological quality according to the following criteria: allocation 
concealment, blinding of intervention, completeness of follow-up and blinding of 
outcome measurements. 

For each study the following data and outcome parameters were extracted 
independently by two reviewers (WO and ADJ): patient characteristics (such as 
birth weight, gestational age, gender), number of patients randomized, treatment 
with antenatal glucocorticoids and postnatal surfactant; dexamethasone regimens 
(postnatal age at start, duration of therapy, cumulative dose); duration of mechanical 
ventilation and failure to extubate at day 3 and 7 after initiating therapy; rescue 
treatment with glucocorticoids outside the study period; mortality at 36 weeks PMA 
and/or at hospital discharge; CLD defined as oxygen dependency at 36 weeks PMA; 
the incidence of hypertension, sepsis and hyperglycemia during hospitalization; 
long-term neurodevelopmental sequelae, including cerebral palsy, Bayley’s Mental 
Developmental Index (MDI) and blindness or poor vision. The original investigators 
of the included RCTs were asked to verify if data extraction was correct and, if 
possible, to provide any missing data. 

Following data extraction it became clear that two studies contrasted dexamethasone 
doses in the higher dose ranges and four studies in the lower ranges. The highest 
cumulative dose used in the latter four trial was 2.7 mg/kg, which was the lowest 
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dose used in the two trials contrasting dexamethasone in the higher ranges (Table 
3). Given this heterogeneity in dexamethasone contrasts, we decided to divide the 
studies into two subgroups, using the arbitrary cut-off point of 2.7 mg/kg to define 
the high and the low range contrast subgroup. To this end studies were assigned 
to the “high range contrast” subgroup if the cumulative dexamethasone dose used 
in the higher dosage regimen was greater than 2.7 mg/kg and to the “low range 
contrast” subgroup if the cumulative dose in the higher dosage regimen was 
equal or less than 2.7 mg/kg. All statistical analyses were done for each subgroup 
separately.

Meta-analysis of the extracted data was performed using the standard methods of 
the Cochrane Collaboration and Stata 9.2 (Stata Corporation, College Station, Texas, 
USA). Treatment effects for the dichotomous outcomes were expressed as relative 
risk (RR) with a 95% confidence interval and numbers needed to treat (NNT). 
Weighted mean differences (WMD) were used for continuous outcomes. In the 
absence of heterogeneity, a fixed-effects model was used for the meta-analysis; if 
heterogeneity was noted, a random effects model was used. 

Results
Study characteristics
A total of 11 manuscripts were identified using the above described search strategy. 
The unpublished manuscript by Ariagno et al., reported in the Cochrane review 
by Halliday et al. could not be retrieved.10 After reading the full reports of the 
remaining 10 studies and obtaining additional data from the original investigators, 
4 studies were excluded. The study performed by Barkemeyer et al.26 compared a 
tapering dosage regimen with pulse therapy of dexamethasone, using a similar 
cumulative dose of dexamethasone in both groups. Three other studies were 
excluded, because the infants were subjected to an individualized dosage regimen, 
resulting in a broad range and often overlapping cumulative dexamethasone dose 
in both treatment arms.27-29 
The remaining 6 studies met the inclusion criteria for this review, randomizing a 
total of 209 infants.20-25 Detailed description of the included studies can be found 
in the Appendix. Five of the six original investigators provided the authors with 
additional data on methodology, intervention, patient characteristics or missing 
outcome parameters.20-24 The overall quality of 5 studies was fair to good (Table 1). 
There were insufficient data from the study by Ramanathan et al. to make a proper 
methodological assessment.
As shown in Table 2, most studies included preterm infants with comparable 
gestational age and birth weight, yet there was considerable variation in the use 
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Table 1. Methods of included studies

Randomization Concealment of 
allocation

Blinding of 
intervention

Completeness of 
follow-up

Blinding of 
assessment

Cummings20 Yes Adequate Yes 100% (18/18) Yes
DeMartini21 Yes Adequate Yes No follow-up Yes
Malloy22 Yes Adequate Yes 93% (14/15) Yes

Durand23 Yes Adequate No 80% (36/45) No
McEvoy24 Yes Adequate Yes 66% (39/59) Yes
Ramanathan25 Yes Insufficient data Insufficient data Insufficient data Insufficient data

Table 2. Patient characteristics of included studies

Patients (N) BWa (grams) GAb (wks) ANSc (%) SFd (%)
Cummings20 High 13 818±145 26.0±2.0 38 0

Low 12 810±208 26.0±2.0 25 0
DeMartini21 High 16 741±142 25.5±1.7 62 100

Low 14 848±224 26.4±1.6 64 100

Malloy22 High 9e 767±149 25.8±0.9 75 100
Low 8 773±182 26.1±1.8 63 100

Durand23 High 23 932±182 27.1±1.8 52 87
Low 24 858±186 26.9±1.6 50 88

McEvoy24 High 29 839±229 26.1±2.0 34 97
Low 33 830±248 26.3±1.8 48 82

Ramanathan25 High 15 850±290 27.0±2.0 ? 67
Low 13 817±186 27.0±2.0 ? 62

a BW: Birth weight (grams ± SD); b GA: Gestational age (weeks ± SD); c ANS: antenatal steroids; d SF: surfactant; e 
Including one patient in high dose group who died on the second day of treatment 

Table 3. Dexamethasone course used in the included studies

SDa (mg/kg/d) CDb (mg/kg) TDc (days) LRGd (%)
Cummings20 High 0.5 7.9 42 0

Low 0.5 3.0 18 0
DeMartini21 High 0.5 4.1 21 0

Low 0.5 2.7 7 0

Malloy22 High 0.5 2.7 7 88
Low 0.08 0.6 7 50

Durand23 High 0.5 2.4 7 22
Low 0.2 1.0 7 29

McEvoy24 High 0.5 2.4 7 55
Low 0.2 1.0 7 39

Ramanathan25 High 0.4 1.9e 7 67
Low 0.2 1.0e 7 54

a SD: Starting dose (mg/kg/day); b CD: Cumulative dose; c TD: Total days of therapy; d LRG: Late rescue treatment with 
glucocorticoids; e Estimated cumulative dose based on abstract data
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of antenatal glucocorticoids and exogenous surfactant. In all trials dexamethasone 
was started in the moderately early period (7-14 days), except in the study of Malloy 
et al., in which most infants received dexamethasone between the second and third 
week of life.22 

The cumulative doses ranged from 0.6 to 3.0 mg/kg in the low dosage regimens and 
from 1.9 to 7.9 mg/kg in the high dosage regimens (Table 3). Two studies contrasted 
the doses in the higher ranges20,21, and 4 studies in the lower ranges using.22-25

Only two studies reported no late rescue treatment with dexamethasone in both 
treatment groups (Table 3). 

Outcome parameters
Mortality and CLD
Lowering the cumulative dexamethasone dose had no significant effect on mortality 
at 36 weeks PMA or at discharge in both the high and low range contrast subgroups 
(Table 4). In the subgroup of trials contrasting the dexamethasone dose in the higher 
ranges, a higher dose was more effective in reducing CLD compared with a lower 
dose (typical RR 0.67, 95% CI 0.45, 0.99; NNT 4, 95% CI 2, 118). No differences in CLD 
were found in the subgroup of trials contrasting the dexamethasone dose in the 
lower ranges. 

As shown by figure 1, combining CLD with mortality did not change these findings, 
showing a significant reduction only in the high range contrast subgroup (typical 
RR 0.74, 95% CI 0.55, 1.00; NNT 4, 95% CI 2, 58).

Durand
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Subtotal  (I-squared = 0.0%, p = 0.565)

DeMartini
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Low range contrast
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1.42 (0.79, 2.55)
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High range contrast: trials using a cumulative dexamethasone dose in the higher ranges (> 2.7 mg/kg in the higher dose 
regimen). Low range contrast: trials using a cumulative dexamethasone dose in the lower ranges (≤ 2.7 mg/kg in the higher 
dose regimen).

Figure 1. Meta-analysis on the combined outcome mortality and CLD at 36 weeks PMA
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Neurodevelopmental sequelae
Four studies reported long-term neurodevelopmental outcomes of the survivors, 
including 66 – 100% of their randomized infants. Malloy et al. also performed 
long-term neurodevelopmental assessment, but used the modified Gesell 
Developmental Appraisal, which was deemed not to be comparable with the 
Bayely’s MDI reported in the other studies (Table 1). 

Subgroup analysis showed no significant differences in the incidence of cerebral 
palsy between the high and low dosage regimens (Table 4). Combining this outcome 
with mortality at hospital discharge did not change this finding (Table 4, Figure 2). 
There were no significant differences in the subgroups between higher and lower 
dose dexamethasone treatment in the number of infants with Bayley’s MDI < 2 SD, 
or with visual impairment (Table 4).

Short- term outcomes
In the high range contrast subgroup, using a higher dexamethasone dose did not 
significantly decrease the number of infants failing extubation at day 3 and day 7. In 
the low range contrast subgroups less infants tended to fail extubation at day 3 and 
day 7, but this difference did not reach statistical significance (Table 4). The duration 
of mechanical ventilation was not significantly affected by the dexamethasone dose 
in both subgroups.

Table 4. Primary and secondary outcomes 

Outcome High range contrast Low range contrast
Nra High Low Typical RR 

(95% CI)b
Nra High Low Typical RR 

(95% CI)b

Mortality at 36 weeks PMA 2 4/29 3/26 1.23 (0.34, 4.40) 4 6/76 2/78 2.32 (0.62, 8.76)
Mortality at hospital discharge 2 8/29 8/26 0.90 (0.39, 2.05) 4 6/76 2/78 2.32 (0.62, 8.76)

Chronic lung disease (CLD) 2 15/29 20/26 0.67 (0.45, 0.99) 4 15/76 17/78 0.89 (0.51, 1.55)
Combined mortality and CLD 2 19/29 23/26 0.74 (0.55, 1.00) 4 21/76 19/78 1.12 (0.68, 1.83)
Cerebral palsy (CP) 1 0/9 5/9 0.09 (0.01, 1.44) 2 4/39 4/36 0.93 (0.25, 3.43)
Combined mortality and CP 1 4/13 8/12 0.46 (0.19, 1.14) 2 7/52 6/57 1.28 (0.46, 3.54)
Bayley’s MDI <2SD 1 0/9 5/9 0.09 (0.01, 1.44) 2 9/39 6/36 1.38 (0.55, 3.50)
Blindness or poor vision 1 0/9 0/9 NEc 2 3/47 0/42 2.63 (0.44, 55.77)
Late rescue steroids 2 0/29 0/26 NEc 4 38/76 31/78 1.24 (0.88, 1.74)
Failure to extubate day 3 1 11/13 10/12 1.02 (0.72, 1.43) 3 43/61 52/65 0.88 (0.72, 1.08)
Failure to extubate day 7 1 9/13 9/12 0.92 (0.57, 1.50) 3 37/61 47/65 0.84 (0.65, 1.09)
Mechanical ventilation (days) 2 29 26 -1.67 (-11.31, 7.96) 3 53 54 -2.03 (-9.20, 5.15)
Hypertension (>2SDd) 2 2/29 0/26 4.41 (0.23, 84.79) 3 13/61 4/65 3.18 (1.15, 8.83)
Hyperglycemia (> 150mg/dl) 2 15/29 11/26 1.21 (0.69, 2.15) 3 15/61 6/65 2.50 (1.07, 5.83)
Sepsis (culture proven) 2 10/29 11/26 0.82 (0.41, 1.61) 3 11/67 11/70 0.91 (0.55, 1.51)
a Nr: number of studies providing data; b Typical RR (95% CI): typical relative risk (95% confidence interval); c NE: not 
estimable; d Standard deviation; High range contrast: trials using a cumulative dexamethasone dose in the higher ranges 
(> 2.7 mg/kg in the higher dose regimen). Low range contrast: trials using a cumulative dexamethasone dose in the lower 
ranges (≤ 2.7 mg/kg in the higher dose regimen)
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Short-term adverse effects hypertension and hyperglycemia, but not sepsis, were 
more frequent in the group treated with the higher dexamethasone dose compared 
to the lower dose, but this difference only reached statistical significance in the low 
range contrast subgroup (Table 4). 

Discussion
Despite the firm recommendations of several pediatric societies to stop using 
postnatal systemic dexamethasone outside the realm of randomized clinical trials, 
and despite the fact that it is still unclear what the optimal dexamethasone dose 
is, clinicians are still using dexamethasone to treat ventilator-dependent preterm 
infant.16-19 Attempts to identify the optimal cumulative dexamethasone dose are 
therefore both clinically relevant and important. 
This systematic review summarizes all published studies that have investigated 
whether a ‘lower’ dexamethasone dose would be effective in reducing the incidence 
of CLD while decreasing the risk for adverse effects. 

Following data extraction it became apparent that the absolute dexamethasone 
dose used to contrast a higher versus a lower dosage regimen varied considerably 
between the included trials. In fact, in four studies the higher dose regimen used a 
dexamethasone dose which was equal or less than the lower dose regimen in the 
two other trials. No trial compared two dexamethasone regimens across the full 
range of the reported doses. Because of this heterogeneity in dose contrast, we felt a 
pooled analysis of all 6 available trials would not be useful. We therefore divided the 
studies into a high range contrast and a low range contrast subgroup and analyzed 
the pooled data of these subgroups separately. We emphasize that the terms 

High range contrast: trials using a cumulative dexamethasone dose in the higher ranges (> 2.7 mg/kg in the higher dose 
regimen). Low range contrast: trials using a cumulative dexamethasone dose in the lower ranges (≤ 2.7 mg/kg in the higher 
dose regimen). NE; not estimable
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Figure 2. Meta-analysis on the combined outcome mortality and cerebral palsy
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“high” and “low”, as used to describe both the subgroups and the dexamethasone 
comparison, should be interpreted from a relative perspective, because compared to 
the physiological levels of glucocorticoids all reported doses are supraphysiological 
(i.e. “high”).

We found no effect of lower cumulative dexamethasone doses on mortality at either 
36 wk PMA or at discharge, as compared to higher doses. This is consistent with 
previous meta-analyses comparing dexamethasone to placebo.10,11 In the high range 
contrast subgroup, however, the incidence of CLD was significantly lower in the 
infants treated with a higher compared to a lower dexamethasone dose. Combining 
the outcomes CLD and mortality at 36 PMA did not change this finding, indicating 
that the reduction in CLD in this subgroup was not caused by differences in mortality. 
This reduction in CLD in favor of the high dose regimen was not observed in the 
low range contrast subgroup. We can only speculate on the possible explanations 
for this finding. First, the number of CLD events was considerably higher in the 
studies contrasting dexamethasone in the higher ranges compared to studies in 
the lower ranges, which suggests that there was heterogeneity in terms of higher a 
priori risks for CLD between children included in the trials of the two subgroups. 
Indeed, one of the studies in the high range contrast subgroup was performed in the 
pre-surfactant era and another study in this subgroup included infants with a quite 
low birth weight and gestational age.20,21 Both of these factors are known to increase 
the a priori risk for CLD. 

Second, the use of additional (“rescue”) dexamethasone treatment outside the 
study protocol by infants in both arms of the trials was only observed in the 
studies in the low range contrast subgroup. This could well have resulted in an 
underestimation of the true treatment effect in these trials. Finally, a relatively lower 
cumulative dexamethasone dose as used in the low range contrast subgroup may, 
in a pharmacodynamic sense, not be sufficient to change the occurrence of CLD and 
hence any contrast in this low range will show no difference in CLD.

We found no differences in the occurrence of cerebral palsy alone between the high 
and low dosage regimens, or in cerebral palsy combined with mortality. Analysis 
of the Bayley’s MDI and visual impairments showed comparable results. These 
results suggest that the changes in the dexamethasone dose do not impact the risk 
for neurodevelopmental sequelae, which is consistent with previous meta-analyses 
comparing moderately early administered dexamethasone to placebo.11 However, 
we feel these results on neurodevelopmental sequelae should be interpreted 
with caution for the following reasons. First, the low a priori chance of adverse 
neurodevelopmental outcomes like cerebral palsy and the relatively small number 
of infants included in this analysis might be insufficient to detect clinically relevant 
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treatment effects in these outcomes. Second, the number of infants lost to follow-
up was more than 10% in 2 of the 3 studies, which may have biased the results, 
since we know that especially children with cerebral palsy are difficult to follow 
up.30 Third, and complicating matters, in another study CLD has been shown to 
be an independent risk factor for cerebral palsy, suggesting that preventing CLD 
with dexamethasone in high risk infants will also decrease the risk of cerebral palsy 
combined with mortality.31 Based on this report, it might well be that the increased 
risk for CLD in the lower dosage regimen, as reported in this review, overrides 
a (possible) reduction of a lower dose on the incidence of neurodevelopmental 
sequelae. 

Meta-analyses comparing dexamethasone with placebo showed that dexamethasone 
facilitates weaning and extubation from mechanical ventilation, expressed as 
failure to extubate 3 or 7 days after initiating dexamethasone therapy. The present 
meta-analysis also showed that infants treated with the higher dose regimen of 
dexamethasone tended to have a lower risk of failing extubation at day 3 and 7, as 
compared to the lower dose regimen, but only in the low range contrast subgroup. 
The fact that we did not find this difference in the high range contrast subgroup 
could be explained by the fact that the studies in this subgroup used a comparable 
starting dose in both treatment arms (0.5 mg/kg). This in contrast to the studies in 
the low range contrast subgroup that used a starting dose of 0.4 – 0.5 mg/kg/day 
in the higher dose treatment arm and a dose of 0.2 mg/kg/day or less in the lower 
dose treatment arm. This difference in starting dose could have affected the early 
pulmonary changes after starting dexamethasone treatment and thus the chances 
of successful extubation within the first week of treatment. 

In line with previous results from a meta-analysis on moderately early dexamethasone 
use, we observed an increased risk for hyperglycemia and hypertension, but not 
sepsis, in the groups receiving the higher dexamethasone dose.11 This suggests that 
a using lower dexamethasone doses might reduce the short term adverse effect. The 
relevance of this finding in relation to CLD and neurodevelopmental outcome is 
questionable.

Limitations
This meta-analysis has several limitations. First, as discussed earlier, the sample size 
of this analysis was small, which has resulted in inadequate power to detect small, 
but clinically relevant differences in some of the important outcome parameters. 
Second, although most studies contrasted two dosage regimens of dexamethasone, 
there was diversity in the study designs, like the cumulative dexamethasone dose 
used in both arms, the starting dose and the duration of therapy. It remains unclear 
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if and how these differences affect the observed treatment effect of dexamethasone. 
Third, the use of late rescue glucocorticoids outside the study protocol was 
considerable in the majority of the trials and this may have confounded the true 
dexamethasone treatment effect. However, the fact that contamination was not 
present in the high range contrast subgroup indicates that the observed reduction 
in CLD in this subgroup in favour of the higher dexamethasone dose was indeed 
a true dose-dependent treatment effect. Finally and unfortunately, not all studies 
reported neurodevelopmental outcome parameters, and those that did used various 
definitions or assessed the outcomes at different points in time. Although we 
pooled the data as if they were homogeneous, this apparent clinical heterogeneity 
compromises the validity of the results of our meta-analysis. 

Implications for practice and research
This review demonstrates that the volume and quality of the currently available 
evidence is insufficient to determine the optimal dose of systemic dexamethasone in 
the treatment of ventilator dependent preterm infants at risk for CLD. And, although 
this review suggests that a reduction in dexamethasone dose might increase the 
incidence of CLD without decreasing the risk for adverse neurodevelopmental 
outcome, the validity of this observation is compromised by the presence of several 
confounding factors. 

Therefore, we conclude that a large multicenter study, comparing a higher 
cumulative dexamethasone dose with a lower dose using a comparable duration 
of treatment, is urgently needed. The clinical community should decide if there is 
still room for a placebo arm in such a trial. Although the current evidence prevents 
firm recommendations, the present review suggests contrasting the dexamethasone 
dose in the higher ranges. Such a trial should be adequately powered to detect small 
but clinically relevant treatment effects. Therefore, it should include ventilated 
preterm infants with a high risk for CLD based on the known determinants in 
the development of CLD. The time window to initiate dexamethasone treatment 
should be predefined and start between 7 days and 14 days after birth, considering 
the (negative) results from previous meta-analysis on early and delayed use.9,10 We 
recommend that data on the following primary outcome parameters should be 
collected in any future comparative study: CLD at 36 weeks PMA, mortality at 36 
weeks PMA and at discharge, and neurodevelopmental outcome using predefined 
definitions, diagnostic tests and time points. In addition, short term benefits (time 
of extubation, ventilation time) and adverse effects (hypertension, sepsis, and 
hyperglycaemia) can be reported as secondary outcomes. Various threats to the 
validity should be recognized. For example, dilution of treatment effect due to the 
use of glucocorticoids outside the study protocol, or crossing over between trial 
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arms should be avoided as much as possible. In any event, additional treatments 
should be adequately reported in order to assess the possibility of confounding.

Although major pediatric societies have indicated that more studies on 
dexamethasone use in preterm infants at risk for CLD is urgently needed, recent 
attempts to recruit patients for a RCT on low dose dexamethasone have failed.32 
It has been suggested that the apparent reluctance to participate in a RCT on 
dexamethasone use in preterm infants was caused by ongoing concerns about adverse 
neurological sequelae. We emphasize that, to date, no randomized trial comparing 
dexamethasone to placebo in the moderately early time frame nor a meta-analyses 
of such trials has shown an increased risk for adverse neurodevelopmental outcome 
in the dexamethasone group.11 In light of the ongoing use of dexamethasone in 
the clinical setting, we feel participation in a future RCT on dexamethasone dose 
is therefore justified and urgently needed. Awaiting such a trial, we recommend 
that dexamethasone should not be given outside the published guidelines of the 
pediatric societies.

Conclusion
The present meta-analysis shows that all studies that to date have compared high 
and low  dexamethasone dosage regimens in preterm infants at risk for CLD have 
randomized a small number of patients. They differ considerably in the cumulative 
dexamethasone dose, co-interventions and neurodevelopmental outcomes 
measured. Given these limitations the present review cannot determine the optimal 
dexamethasone dose. A large multicenter randomized controlled trial is urgently 
needed to provide more conclusive evidence on what the optimal dexamethasone 
dose should be. 
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Appendix
Description of included studies
Cummings20: This randomized, double-blind, placebo controlled study included 36 
preterm infants with a birth weight ≤ 1250 g, a gestational age of ≤ 30 wks, and a 
postnatal age of more than 14 days. All infants were ventilated with a rate of at least 
15 cycles per minute and received more than 30% oxygen. Attempts to wean these 
settings failed over a period of at least 72 hours. Infants with a symptomatic PDA, 
renal failure or sepsis at entry were excluded. The included infants were randomly 
assigned to one of three dosage regimens: (1) a high dosage regimen with a cumulative 
dose of 7.9 mg/kg of dexamethasone administered over a 42 day course: 0.5 mg/kg/
day for 3 days, 0.3 mg/kg/day for 3 days, a 10% decrease every 3 days until 0.1 mg/
kg/day, 0.1 mg/kg/day for 3 days, 0.1 mg/kg/day on alternate days for 7 days; (2) a low 
dosage regimen with a cumulative dose of 3 mg/kg administered over 18 d: 0.5 mg/
kg/day for 3 days, a 50% decrease every 3 days until 0.06 mg/kg/day, 0.06 mg/kg/day 
for 3 days, 0.06 mg/kg/day on alternate days for 7 days; (3) saline placebo. Medication 
was given intravenously and divided into two dosages per day. Each infant received 
the same volume of medication by using different concentrations of dexamethasone. 
Infants in the low dosage regimen group received additional saline injections to 
complete the 42 days course. The placebo group was excluded for the purpose of this 
review. No treatment with glucocorticoids outside the protocol was allowed. The 
primary outcomes were mortality, duration of mechanical ventilation and duration 
of oxygen dependence. Secondary outcomes were the duration of hospitalization, 
ROP, bloody gastric aspirates, number of transfusions, and occurrence of clinically 
suspected sepsis, hypertension, hyperglycemia and hypertriglyceridemia. Growth 
and neurodevelopment (abnormal neurological outcome and the Bayley Scales 
of Infant Development) were assessed at 6 and 15 months of age, corrected for 
prematurity by blinded examiners. Normal neurodevelopmental outcome was 
defined as having Bayley’s Mental and Psychomotor Indexes of more than 84 and 
normal neurological findings (not specified). The original investigator provided 
additional data on duration of mechanical ventilation, failure to extubate on day 7 
and the total number of patients with a Bayley’s MDI < 2 SD. 
DeMartini21: DeMartini et al. included 30 intubated preterm newborns in this 
randomized controlled trial to compare a 7-day pulse course to 21-day tapered 
course of dexamethasone. The infants were randomly assigned to one of two 
dosage regimens: (1) a high dosage regimen with a cumulative dose of 4.1 mg/kg of 
dexamethasone administered over a 21 day course: 0.5 mg/kg/day for 2 days, then 
0.3 mg/kg/day for 3 days, then 0.24 mg/kg/day for 3 days; then 0.2 mg/kg/day for 
3 days; then 0.14 mg/kg/day for 3 days; then 0.1 mg/kg/day for 3 days, followed by 
two doses of 0.1 mg/kg every 48 hours; (2) a low dosage regimen with a cumulative 
dose of 2.7 mg/kg of dexamethasone administered over a 7 day course: 0.5 mg/kg/
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day for 3 days, then 0.3 mg/kg/day for 4 days. All medication was given divided 
into two dosages per day. No patients were treated with any glucocorticoids outside 
the study protocol. The primary outcomes were mortality, duration of mechanical 
ventilation and duration of oxygen dependence. Secondary outcomes were the 
occurrence of clinically suspected sepsis, NEC, hypertension, hyperglycemia 
and hypertriglyceridemia. No long-term follow-up was performed. The original 
investigator provided the authors of data concerning the incidence of CLD, defined 
as oxygen dependence at 36 weeks PMA, combined with mortality at 36 wks.
Durand23: This prospective randomized trial was designed to compare 2 dosage 
schedules of dexamethasone on dynamic pulmonary mechanics, ventilator 
settings and oxygen dependence in 47 ventilated preterm neonates. Infants were 
included when having a birth weight between 501 and 1500 grams, a gestational 
age between 24 weeks and 32 weeks, postnatal age between 7 and 14 days and at 
entry on ventilation support with a rate of 15 cycles per minute or more, and 30% 
supplemental oxygen or more to maintain a pulse oxymeter oxygen saturation of 
90% or higher, despite weaning trials. Infants were excluded from the randomization 
if they had multiple congenital anomalies or chromosomal abnormalities, systemic 
hypertension, congenital heart disease, IVH  grade IV, renal failure or sepsis at 
entry. The included infants were randomly assigned to one of two dosage regimens: 
(1) a high dosage regimen with a cumulative dose of 2.4 mg/kg of dexamethasone 
administered over a 7 day course: 0.5 mg/kg/day for 3 days, then 0.25mg/kg/day for 
3 days, then 0.1 mg/kg/day for 1 day; (2) a low dosage regimen with a cumulative 
dose of 1.0 mg/kg of dexamethasone administered over a 7 day course: 0.2 mg/kg/
day for 3 days, then 0.1 mg/kg/day for 4 days. All medication was given divided 
into two dosages per day. Administration of open-label dexamethasone was 
allowed after the study period at the discretion of the attending neonatologist. The 
primary outcomes were the dynamic respiratory mechanics, measured before and 
on days 2, 5 and 7 of dexamethasone therapy. Secondary outcomes were ventilator 
settings, occurrence of CLD, defined as dependence on oxygen supplementation at 
36 weeks PMA, survival without CLD, duration of mechanical ventilation, duration 
of hospitalization, hyperglycemia, hypertension, ROP, NEC, spontaneous GI 
perforation, sepsis and pulmonary air leaks. Data of the long-term follow-up was 
retrieved from the original investigator.
McEvoy24: McEvoy et al. investigated the effect of 2 dosage schedules of 
dexamethasone on functional residual capacity and passive respiratory compliance 
in 26 preterm infants. Infants were included when between 7 and 21 days of 
postnatal age, with a birth weight of more than 501 grams and less than 1500 grams, 
a gestational age of more than 24 weeks and less than 32 weeks. The infants were 
dependent on ventilation support with 15 cycles per minute or more and oxygen 
levels of 30% or more at entry. Infants with multiple congenital anomalies, systemic 
hypertension, congenital heart disease, IVH grade IV, renal failure, and sepsis at 
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entry were excluded. The included infants were randomly assigned to one of two 
dosage regimens: (1) a high dosage regimen with a cumulative dose of 2.4 mg/kg 
of dexamethasone administered over a 7 day course: 0.5 mg/kg/day for 3 days, then 
0.25mg/kg/day for 3 days, then 0.1 mg/kg/day for 1 day; (2) a low dosage regimen with 
a cumulative dose of 1.0 mg/kg of dexamethasone administered over a 7 day course: 
0.2 mg/kg/day for 3 days, then 0.1 mg/kg/day for 4 days. All medication was given 
divided into two dosages per day. The use of open-label dexamethasone therapy 
was discouraged, but could be administered at the discretion of the attending 
neonatologist. The primary outcomes were the functional residual capacity and 
passive respiratory compliance before and during the 7 day therapy. Secondary 
outcome measurements were the ventilator settings, the duration of mechanical 
ventilation, the duration of hospitalization, CLD (defined as oxygen dependence 
at 36 weeks PMA), survival without CLD, PDA, hyperglycemia, hypertension, 
IVH, periventricular leucomalacia, ROP, NEC, spontaneous GI perforation, 
sepsis, pulmonary air leaks. At 1 year of corrected age the infants were assessed 
for early neurodevelopmental follow-up (cerebral palsy and the Bayley Scales of 
Infant Development) by a developmental pediatrician, a pediatric neurologist 
and specialized personnel. Cerebral palsy was defined as nonprogressive motor 
impairment characterized by abnormal muscle tone and decreased range/control 
of movements. Severe cognitive delay was defined as lower than 70 on the mental 
developmental index (MDI) score.
Additional data on duration of mechanical ventilation, failure to extubate on day 3 
and 7 were retrieved from the original investigator. 
Ramanathan25: This prospective randomized trial included 28 infants of birth weight 
between 520 and 1440 grams and gestational age of 27 weeks. The included infants 
were randomly assigned at 10 to 14 days of age to one of two dosage regimens: (1) a 
high dosage schedule of an estimated cumulative dose of 1.9 mg/kg of dexamethasone 
administered over 7 day course: 0.4 mg/kg/day for 2 days and tapered for the 
succeeding 5 days; (2) a low dosage regimen of an estimated cumulative dose of 
1.0 mg/kg administered over a 7 day course: 0.2 mg/kg for 2 days, then tapered for 
the 5 succeeding days. Clinical outcomes were mortality on discharge, duration of 
mechanical ventilation and oxygen dependence, survival without CLD, retreatment 
with dexamethasone, ROP > stage II, sepsis and hyperglycemia. No long-term 
follow-up was reported and no additional data were retrieved. 
Malloy22: This prospective randomized double-blinded trial included 17 infants 
of birth weight lower than 1500 grams and gestational age of 34 weeks. The 
included infants were randomly assigned before the 28th day of age to one of two 
dosage regimens: (1) a high dosage schedule of a cumulative dose of 2.7 mg/kg of 
dexamethasone administered over 7 day course: 0.5 mg/kg/day for 3 days, followed 
by 0.3 mg/kg for 4 days; (2) a low dosage regimen of a cumulative dose of 0.56 mg/kg 
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administered over a 7 day course: 0.08 mg/kg for 7 days. This study was terminated 
prematurely due to the 2002 statement from the American Academy of Pediatrics 
and the Canadian Paediatric Society.14 Clinical outcomes on the already included 
patients were mortality on discharge, duration of mechanical ventilation and 
oxygen dependence, survival without CLD, retreatment with dexamethasone, and 
number of days on oxygen supplementation, number of hospital days, IVH, NEC, 
gastrointestinal perforation, ROP requiring laser photocoagulation, hypertension, 
and hyperglycemia. Long-term follow-up was performed through 3 years of 
age and neurodevelopmental status was assessed by using the modified Gesell 
Developmental Appraisal. Additional data on days on failure to extubate on day 
3, mechanical ventilation and blindness or poor vision were retrieved from the 
original investigator. 
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Abstract
Context: Postnatal dexamethasone therapy reduces the incidence of bronchopulmonary 
dysplasia in preterm infants but may be associated with an increased risk for adverse 
neurodevelopmental outcome.
Objective: To determine whether the effects of dexamethasone on mortality, 
pulmonary and neurodevelopmental sequelae in preterm infants are modified by 
the cumulative dose given. 
Data Sources: Electronic databases, manual reference search and abstracts from the 
Pediatric Academic Societies.
Study selection: Randomized controlled trials comparing dexamethasone with 
placebo in ventilated preterm infants older than 7 days.
Data extraction: Two reviewers independently assessed eligibility and quality of trials 
and extracted data on study design, patient characteristics and relevant outcomes. 
Original trialists were asked to provide additional data.
Data synthesis: Sixteen trials including 1,136 patients were analyzed using 
meta-analysis and meta-regression. Additional data were provided by 12 original 
trialists. Trials with a moderately early (7 – 14 days) or delayed (> 3 weeks) postnatal 
treatment onset were analyzed separately. Higher dexamethasone doses reduced 
the relative risk (RR) for the combined outcome mortality or bronchopulmonary 
dysplasia, with the largest effect in trials using a cumulative dose above 4 mg/
kg (moderately early typical RR 0.57; 95% confidence interval (CI), 0.39-0.84; 
delayed typical RR 0.75; 95% CI, 0.60-0.93). No effect was found of doses on the 
risk of neurodevelopmental sequelae in the delayed treatment studies, but in the 
moderately early treatment studies the risk of mortality or cerebral palsy decreased 
by 6.2% (95% CI -11.1%,-1.3%), and the risk of a mental developmental index below 
-2SD decreased by 6.6% (95% CI -13.0,-0.2) for each incremental mg/kg cumulative 
dexamethasone dose. 
Conclusions: Higher cumulative dexamethasone doses administered after the 
first week of life may decrease the risk for bronchopulmonary dysplasia without 
increasing the risk for neurodevelopmental sequelae in ventilated preterm infants. 
A large randomized trial is needed to confirmed or refute these findings.
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Introduction
Randomized controlled trials (RCTs) summarized in several systematic reviews 
have shown that postnatal systemic dexamethasone reduces the incidence of 
bronchopulmonary dysplasia (BPD) and the combined outcome BPD and death 
in ventilated preterm infants.1-3 However, in response to alarming reports that 
treatment with dexamethasone may increase the risk of cerebral palsy (CP), the 
American Academy of Pediatrics, Canadian Paediatric Society, and the European 
Association of Perinatal Medicine issued new guidelines stating that the use of 
systemic glucocorticoids should be restricted to high risk infants who cannot be 
weaned from mechanical ventilation.4,5

These guidelines have resulted in a reduction in the clinical use of systemic 
dexamethasone in newborn infants from approximately 25% to 10%.6-9 Yet, recent 
reports suggest that this restricted use of dexamethasone leads to an increase of the 
incidence of BPD8,9, while the evidence for a concomitant decrease in the incidence 
of CP is limited.10 In an attempt to solve this dilemma, some authors have advocated 
the use of a lower dexamethasone dose, which, in theory, might still reduce the 
incidence of BPD but without increasing the risk of CP.11,12

To find this optimal dexamethasone dose, several RCTs have explored the effect 
of a standardized higher versus a lower cumulative dose of systemic postnatal 
dexamethasone on the important clinical outcomes in a head to head comparison.13-15 
However, the small number of patients included in these trials precludes definite 
conclusions. 

The aim of the present study is to assess the effect of various different cumulative 
dexamethasone doses as they are used in all available placebo-controlled RCTs 
on important clinical outcome parameters such as BPD and neurodevelopmental 
sequelae. We excluded RCTs that administered dexamethasone within the first week 
of life, because there is now convincing evidence that such early administration 
increases the risk for adverse neurodevelopmental outcome, and is no longer 
used in daily clinical practice.1 We used the estimates of the effects on these 
outcome parameters as the dependent, and the cumulative dexamethasone dose 
as the independent variables. To enhance the power of this analysis, we retrieved 
additional data on both the determinants and outcomes by contacting the original 
trialists.
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Methods
Clinical trials were identified by electronic searches of MEDLINE (from 1966 
onwards), EMBASE (from 1974 onwards), CINAHL (from 1982 onwards) and the 
CENTRAL in the Cochrane Library, using the Medical Subject Heading terms and 
text words steroid, glucocorticoid and dexamethasone. The search was restricted to 
randomized controlled trials, human studies and infants: birth-23 months. Previous review 
manuscripts and the abstracts of the Pediatric Academic Societies and the European 
Society for Pediatric Research from 1990 onwards were hand searched.

To be included in the review, the trials had to meet the following criteria: (1) the 
study was a placebo controlled RCT, including ventilated preterm infants; (2) the 
intervention was a standardized (non-individualized) dosage regimen of systemic 
dexamethasone, initiated after 7 days postnatal age; (3) the trials had to report one 
or more of the outcome parameters reported in this review (see below). Trials using 
different types of glucocorticoids (hydrocortisone and methylprednisolone) or using 
only inhalation glucocorticoids were excluded. 

Trial quality assessment of the included trials was performed independently by two 
reviewers (WO and ADJ) rating the following: risk for bias by insufficient allocation 
concealment, blinding of intervention, completeness of follow-up and blinding of 
outcome measurements.

The following clinical data and outcome parameters were extracted independently 
by two reviewers (WO and ADJ): patient characteristics (birth weight, gestational age, 
gender), number of patients randomized, treatment with antenatal glucocorticoids, 
postnatal surfactant; details on the dexamethasone regimens (postnatal age at 
start, duration of therapy, cumulative dose); incidence of hypertension, sepsis or 
hyperglycemia during hospitalization; duration of mechanical ventilation, failure 
to extubate at day 3 and 7 after initiating therapy; use of “rescue treatment” with 
glucocorticoids outside the study; mortality at 36 weeks postmenstrual age (PMA) 
and/or at hospital discharge; BPD defined as oxygen dependency at 36 weeks PMA; 
long-term neurodevelopmental sequelae, assessed after at least 1 year corrected 
gestational age (CGA) and before a CGA of 4 year including cerebral palsy and 
Bayley’s Scales of Infant Development (Mental Development Index, MDI). Original 
investigators of the included RCTs were asked to confirm whether our data extraction 
was accurate and, where necessary, to provide additional (unpublished) data.

Trial results were analyzed according to the time of initiating therapy as defined by 
the Cochrane reviews, i.e. moderately early onset (7 – 14 days) or delayed onset (> 
3 weeks).2,3 Meta-analysis of the extracted data was performed using the standard 
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methods of the Cochrane Neonatal Review Group.16 First, subgroups were created 
by assigning each included study to one of three subgroups based on the cumulative 
dexamethasone dose used in the intervention arm. Because clear threshold values 
defining low, moderate and high dexamethasone doses are not available in the 
literature, we used arbitrary cut-off points of 2.0 mg/kg and 4.0 mg/kg as this 
resulted in an even distribution of the number of trials across the subgroups. Next, 
the treatment effect estimates for all trials were calculated, expressed as typical 
relative risk (RR) for dichotomous outcomes, and weighted mean difference (WMD) 
for continuous outcomes, all with a 95% confidence interval (CI). Finally, cumulative 
dose-specific estimates on all outcome parameters were pooled in the predefined 
subgroups. 

Weighted meta-regression analysis using Stata 9.2 (Stata Corporation, College 
Station, Texas, USA) was performed to explore a dosage to effect size relation. For 
each outcome parameter, the individual risk difference of the separate trials was 
plotted against the respective cumulative dose and duration of therapy of that study 
as the independent variable. When the scatter plot suggested the existence of a 
linear dosage to effect size relation, a weighted meta-regression with the cumulative 
dosage as the independent covariate was performed. In the absence of statistical 
heterogeneity (p > 0.05), fixed-effects models were used for the meta-analyses and 
meta-regression, otherwise random effects models were used.

Results
Study characteristics and methodological quality
The search identified 28 manuscripts, of which 7 were excluded for the different 
reasons (Figure 1). Of the remaining 21 manuscripts, 5 were follow-up publications 
of the original RCTs, leaving a total of 16 eligible original placebo controlled RCTs to 
be included in this review with 1,136 randomized patients.

Twelve original investigators provided additional data on their study methods, 
patients’ characteristics or outcome parameters. Data on pulmonary endpoints and 
mortality in the study by Kari et al. were obtained from the original investigator 
and consisted of a single center subgroup, whereas data on the short term adverse 
outcomes were based on the total study group.24 Compared to the Cochrane reviews 
published in 2003, five additional (moderately early) trials reported long-term 
neurodevelopmental follow-up of the survivors. These so far unpublished data were 
included in the present analyses.
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The overall methodological quality of the trials was found to be fair to good (Table 
1). All trials included preterm infants with a similar gestational age and birth weight 
(Table 2 ). The trial dates ranged from 1985 to 2006, which probably explains the 
variations in the use of antenatal glucocorticoids and exogenous surfactant. Nine 
trials initiated dexamethasone therapy moderately early and 7 trials used delayed 

1055 Potentially relevant citations screened for retrieval
1040 Identified by Pubmed Search
15 Identified by search of meeting abstracts and 

other sources

106 Abstracts retrieved for more detailed evaluation
91 From Pubmed Search

15 From meeting abstracts and other                                 
sources

28 Full-text manuscripts or meeting abstracts 
retrieved for detailed information

21 Manuscripts or abstracts were included in the systematic review
16 original randomized placebo controlled trials
5 follow-up reports

949 Citations excluded (clearly not relevant)

78 Reports excluded
5 Not a randomized controlled trial
18 Not dexamethasone versus placebo
28 Initiation of therapy < 7 days PNA
11 Duplicate publications
16 Outcomes not relevant for review

7 Manuscripts excluded
4 Used “individualized” dosing of dexamethasone117-

20

1 No available data2

1 Hydrocortisone after dexamethasone course
1 Inclusion non-ventilated patients

20

23

Figure 1. Study selection. PNA, postnatal age
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Table 1. Methodological quality of included trials

Randomization Concealment of 
allocation

Blinding of 
intervention

Follow-up 
ratea 

Blinding of 
assessment

Kovacs25 Yes Adequate* Yes 68/72* Yes
Scott26 Yes Insufficient data Yes Insufficient data Yes
Walther27 Yes Adequate* Yes 80/76* Yes
Vento29 Yes Adequate* No 100/100* Yes

Durand30 Yes Adequate No 76/81* Yesb

Kari24 Yes Adequate* Yes Insufficient data Yes
Papile34,47 Yes Adequate Yes Not applicablec Yes
Romagnoli35 Yes Adequate No* 100/100 Yes*
Cummings33 Yes Adequate Yes 100/100/100d Yes
DART28,48 Yes Adequate Yes 97/93 Yes
Vincer31 Yes Adequate* Yes 100/100 Yes
CDTG32,49 Yes Adequate* Yes 85/94 Yes
Ariagno36 Yes Adequate Yes Insufficient data Yes
Ohlsson37 Yes Adequate Yes 100/100 Yes*
Kothadia38,50 Yes Adequate* Yes* 96/88 Yes
Avery39 Yes Insufficient data No Insufficient data No
a Follow-up rate in percentages (Dexamethasone/placebo) b Blinded assessment of outcome parameters at long-term 
follow-up; c Due to cross-over design long term follow up was not applicable; d Follow-up rate in percentages (High dose 
dexamethasone/Lower dose dexamethasone/placebo) * Additional data obtained from original investigators

Table 2. Patient characteristics of included trials

Patients 
(Dex/Pl)

GA (wk) 
(Dex/Pl)

BW (g) 
(Dex/Pl)

ANS (%) 
(Dex/Pl)

SF (%) 
(Dex/Pl)

Moderately early trials
Kovacs25 30/30 25.8/25.9 731/796 73/73 47/47
Scott26 10/5 27.0/27.0 1000/815 10/40 100/100
Walther27 17/19 28.5/28.6 993/1029 76/42 100/100

Vento29 10/10 27.3/27.2 890/870 40/40 80/80
Durand30 23/20 27.4/27.4 887/834 13/15* 83/90*
Cummings(b)33 12/11 26.0/26.0 810/854 25/45 0/0
Kari24 11/12 26.8/26.0 873/803 9/8* 27/8*
Papile34,47 182/189 25.7/25.6 808/801 29/27 89/91
Romagnoli35 15/15 27.5/27.1 850/948 47/40 80/80
Cummings(a)33 13/11 26.0/26.0 818/854 38/45 0/0

Delayed trials
DART28,48 35/35 24.0/25.0 652/700 89/89 94/97
Vincer31 11/9 26.3/25.0* 787/834* 36/44* 64/33*
CDTG32,49 94/94 27.3/27.0 989/952 - -
Ariagno36 10/11 27.7/27.2 929/882 - -
Ohlsson37 12/13 26.6/26.2 926/930 42/64 17/23
Kothadia38,50 57/61 26.0/25.0 740/760 35/21 99/100
Avery39 8/8 28.5/27.6 961/942 - -

GA gestational age in weeks; BW birth weight in grams; ANS antenatal steroids; SF surfactant Dex/Pl: dexamethasone/
placebo group; * Additional data obtained from original investigators.
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treatment. The cumulative doses ranged from 0.9 to 7.8 mg/kg, with 4, 6 and 7 trials 
using a cumulative dexamethasone dose of respectively, < 2.0 mg/kg25-28, ≥ 2.0 and < 
4.0 mg/kg24,29-33 and ≥ 4.0 mg/kg33-39 (Table 3). 

The study by Cummings et al. compared a high dexamethasone dose (7.8 mg/kg) to 
a low dose (3.0 mg/kg) and a placebo, which allowed us to compare both the high 
and low dose to the placebo group.33 Due to the cross-over design of the trial by 
Papile et al., only the outcome parameters failure to extubate on day 3 and day 7, 
hypertension, hyperglycemia and sepsis during the first 14 days of therapy were 
used in the analyses.34 The DART trial was analyzed as a delayed treatment onset 
study as most infants were included at or after 3 weeks of postnatal age.28 From 
the study of the Collaborative Dexamethasone Trial Group (CDTG), which included 
both ventilated and non-ventilated infants, we only used the data of ventilated 
preterm infants.32

Effect of cumulative doses
Mortality and BPD
Meta-regression analysis did not show a significant correlation between the 
cumulative dexamethasone dose and the risk of mortality and BPD (Table 4). 

Table 3. Dexamethasone courses of included studies

SD (mg/kg) CD (mg/kg) TD (d) LRG (%)
Moderately early trials

Kovacs25 0.5 1.5 3 23/57
Scott26 0.5 1.9 5 10/0
Walther27 0.2 1.9 14 24/58

Vento29 0.5 2.4 7 30/50*
Durand30 0.5 2.4 7 26/65
Cummings(a)33 0.5 3.0 18 0/0
Kari24 0.5 3.5 7 27/33*
Papile34,47 0.5 4.0 14 4/13
Romagnoli35 0.5 4.8 14 33/33
Cummings(b)33 0.5 7.8 42 0/0

Delayed trials
DART28,48 0.2 0.9 10 26/40
Vincer31 0.5 2.4 6 0/44*
CDTG32,49 0.5 3.5 7 25/47
Ariagno36 1.0 4.0 7 okt-27
Ohlsson37 1.0 5.6 12 25/46
Kothadia38,50 0.5 7.9 42 0/0
Avery39 0.5 7.9 42 0/63

SD starting dosage; CD cumulative dosage; TD total days of therapy; LRG late rescue glucocorticoids dexamethasone/
placebo group; a Cummings dexamethasone cumulative dose 3.0 mg/kg versus placebo; b Cummings dexamethasone 
cumulative dose 7.8 mg/kg versus placebo; * Additional data obtained from original investigators.
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Combining these outcomes resulted in a negative regression coefficient suggestive 
for an inverse relation between the cumulative dexamethasone dose and the risk for 
mortality or BPD, but this correlation did not reach statistical significance.

The overall meta-analyses revealed no significant differences in mortality rates 
between the dexamethasone and placebo group (moderately early typical RR 
0.72; 95% CI, 0.44-1.17; delayed typical RR 0.94; 95% CI, 0.46-1.90). However, 
dexamethasone did reduce the risk for BPD and the combined outcome mortality 
or BPD in the moderately early and delayed treatment trials; the relative risk 
approached statistical significance in the latter trials (Figure 2). Subgroup analysis 
showed that the reduction in relative risk for BPD was most prominent in the group 
treated with ≥ 4.0 mg/kg dexamethasone (Tables 5 and 6). Combining BPD incidence 
with mortality strengthened this effect, showing an incremental reduction in the 
relative risk with increasing cumulative dexamethasone dose in the moderately 
early treatment trials (Figure 2A). 

Table 4. Meta-regression risk difference and cumulative dexamethasone dose

Outcome All trials Moderately early trials Delayed trials
Nra (n) RD (95% CI)b Nra (n) RD (95% CI)b Nra (n) RD (95% CI)b

Mortality and 
pulmonary outcome

M36 14 (694) -1.21 (-3.31, 0.90) 9 (274) -4.14 (-9.39, 1.10) 5 (420) -0.53 (-2.21, 1.16)
MHD 16 (731) -0.23 (-2.72, 2.25) 9 (274) -3.32 (-9.82, 3.18) 7 (457) 0.17 (-2.29, 2.62)

BPD 13 (679) -1.23 (-5.32, 2.87) 8 (259) -0.22 (-10.47, 10.02) 5 (420) -2.66 (-7.28, 1.96)
CMBPD 13 (679) -2.69 (-6.67, 1.29)c 8 (259) -4.00 (-11.53, 3.52)c 5 (420) -2.48 (-7.01, 2.05)c

Neurodevelopmental 
outcome

CP 12 (479) 1.89 (-1.98, 5.75) 7 (163) -4.38 (-10.61, 1.86) 5 (316) 2.56 (-4.24, 9.36)
CMCP 12 (657) 0.83 (-2.87, 4.53) 7 (236) -6.20 (-11.07, -1.32)* 5 (421) 2.31 (-2.82, 7.44)
MDI 10 (397) 0.07 (-3.89, 4.02) 7 (163) -6.57 (-12.97, -0.17)* 3 (234) 1.60 (-4.37, 7.58)

Short-term 
pulmonary effects

FTE3 14 (1041) -1.18 (-7.10, 4.74)c 9 (630) 0.33 (-3.67, 4.34)c 5 (411) -0.78 (-20.24, 18.69)c

FTE7 15 (1056) 0.49 (-4.10, 5.10)c 9 (630) -0.71 (-6.38, 4.96)c 6 (426) 1.98 (-9.17, 13.13)c

DMVd 10 (542) -3.16 (-7.12, 0.80)c  7 (216) -5.47 (-11.85, 0.90)c 3 (326) -0.27 (-7.76, 7.22)c

Short-term adverse effects
HT 13 (818) 0.16 (-2.83, 3.14) 10 (663) -0.74 (-6.28, 4.79) 3 (155) -5.75 (-20.78, 9.28)
HG 15 (1026) -2.55 (-6.22, 1.13) 10 (663) -1.83 (-9.98, 6.32) 5 (363) -1.52 (-4.34, 1.29)
INF 17 (1121) -0.37 (-2.57, 1.83) 10 (663) -0.77 (-4.92, 3.37) 7 (458) 0.21 (-3.55, 3.97)

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference with 95% 
confidence interval; c Given statistical heterogeneity random-effects model used; d Weighted mean difference.  M36 
Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary dysplasia at 36 weeks PMA; 
CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined mortality at hospital 
discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; FTE3 Failure to extubate day 3; FTE7 
Failure to extubate day 7; DMV Days of mechanical ventilation; HT Hypertension (> 2 SD); HG Hyperglycemia (> 150 
mg/L); INF Sepsis (culture proven) * Statistical significance (p<0.05).
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Neurodevelopment
Meta-regression analysis of the moderately early treatment onset trials’ results 
showed a statistically significant inverse relation between the dexamethasone 
dose and the risk for the combined outcome mortality or CP, and for a MDI below 
-2SD (Table 4, Figure 3A). In contrast to this finding, meta-regression analysis of 
the delayed treatment onset trials’ results did not reveal a significant association 
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Figure 2B Overall and subgroup meta-analysis of the combined outcome mortality or bronchopulmonary dysplasia at 36 
weeks PMA in the delayed studies.

Figure 2A Overall and subgroup meta-analysis of the combined outcome mortality or bronchopulmonary dysplasia at 36 
weeks PMA in the moderately early studies.
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between dexamethasone dose and neurodevelopmental sequelae. The positive 
regression coefficient suggests an increased rather than a decreased risk for 
neurodevelopmental sequelae with an increasing dexamethasone dose in the 
delayed trials.

The subgroup meta-analysis in both the moderately early and delayed treatment 
onset trials did not reveal significant differences in CP, mortality combined with CP, 
and occurrence of a MDI below -2SD between dexamethasone and placebo treated 
infants (Tables 5 and 6). However, and consistent with the regression analysis, there 
was an incremental reduction in the relative risk for the combined outcome mortality 
or CP with increasing dexamethasone dose in the moderately early treatment onset 
trials and the opposite trend in the delayed trials (Figure 3B and C).

Short-term outcomes
Meta-regression analysis did not show significant associations between the 
cumulative dexamethasone dose and the short term respiratory benefits (Table 4). 

Table 5. Subgroup meta-analyses of the moderately early treatment trials

Outcome CD < 2.0 mg/kg 2.0 mg/kg ≤ CD < 4.0 mg/kg CD ≥ 4.0 mg/kg
Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and 
pulmonary outcome

M36 3 (111) 1.03 (0.48, 2.23) 4 (109) 0.55 (0.24, 1.24) 2 (54) 0.56 (0.21, 1.50)
MHD 3 (111) 1.03 (0.48, 2.23) 4 (109) 0.50 (0.22, 1.13) 2 (54) 0.56 (0.21, 1.50)
BPD 2 (96) 0.66 (0.39, 1.13) 4 (109) 0.73 (0.47, 1.16) 2 (54) 0.53 (0.28, 0.98)*
CMBPD 2 (96) 0.88 (0.62, 1.26)c 4 (109) 0.67 (0.33, 1.39)c 2 (54) 0.57 (0.39, 0.84)c*

Neurodevelopmental 
outcome

CP 2 (58) 0.56 (0.11, 2.78) 3 (61) 0.95 (0.41, 2.20) 2 (44) 0.39 (0.10, 1.47)
CMCP 2 (96) 1.13 (0.55, 2.34) 3 (86) 0.77 (0.47, 1.26) 2 (54) 0.49 (0.22, 1.07)
MDI < -2SD 2 (58) 0.78 (0.32, 1.87) 3 (61) 0.69 (0.29, 1.64) 2 (44) 0.32 (0.09, 1.16)

Short-term 
pulmonary effects

FTE3 2 (96) 0.87 (0.72, 1.05) 4 (109) 0.80 (0.68, 0.94)* 3 (425) 0.91 (0.87, 0.95)*
FTE7 2 (96) 0.68 (0.53, 0.87)* 4 (109) 0.65 (0.50, 0.86)* 3 (425) 0.82 (0.76, 0.88)*
DMVd 2 (96) -10.45 (-24.00, 3.11)c 3 (66) -2.08 (-16.01, 11.86)c 2 (54) -25.50 (-63.43, 12.42)c

Short-term side effects
HT 3 (111) 5.56 (0.29, 108.16) 4 (127) 4.82 (1.34, 17.25)* 3 (425) 1.90 (0.72, 5.04)
HG 3 (111) 1.08 (0.40, 2.96) 4 (127) 1.77 (0.94, 3.33) 3 (425) 1.87 (1.23, 2.86)*
INF 3 (111) 1.22 (0.73, 2.03) 4 (127) 1.31 (0.67, 2.58) 3 (425) 1.43 (1.05, 1.93)*

a number of studies (Nr) and the number of patients (n) included in the outcome analysis; b Risk difference with 95% 
confidence interval; c Given statistical heterogeneity random-effects model used; d Weighted mean difference. CD 
cumulative dose; M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary 
dysplasia at 36 weeks PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined 
mortality at hospital discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; FTE3 Failure to 
extubate day 3; FTE7 Failure to extubate day 7; DMV Days of mechanical ventilation; HT Hypertension (> 2 SD); HG 
Hyperglycemia (> 150 mg/L); INF Sepsis (culture proven)  * Statistical significance (p<0.05).
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Overall meta-analysis in the moderately early and delayed treatment trials showed 
a significant reduction in almost all of these outcome parameters in favor of the 
dexamethasone treatment. This appeared to be independent of the cumulative dose 
(Tables 5 and 6). 

Meta-regression on short term adverse effect failed to show significant correlations 
between the risk differences and the cumulative dose (Table 4). Meta-analysis of data 
in the moderately early treatment trials revealed that dexamethasone significantly 
increased the risk for these adverse outcomes. Subgroup analysis failed to show a 
clear association with the cumulative dexamethasone dose (Tables 5 and 6). 

Discussion
While widely used in the 1990s, postnatal dexamethasone therapy for preterm 
infants at risk for BPD is nowadays considered a highly controversial therapy that 

Table 6. Subgroup meta-analyses of the delayed treatment trials

Outcome CD < 2.0  mg/kg 2.0 mg/kg ≤ CD < 4.0 mg/kg CD ≥ 4.0 mg/kg
Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b Nra (n) RR (95% CI)b

Mortality and 
pulmonary outcome

M36 1 (70) 0.67 (0.12, 3.75) 2 (208) 1.46 (0.54, 3.93) 2 (143) 0.54 (0.14, 2.04)
MHD 1 (70) 0.60 (0.16, 2.32) 2 (208) 0.99 (0.61, 1.60) 4 (180) 1.06 (0.55, 2.06)
BPD 1 (70) 0.97 (0.77, 1.21) 2 (208) 1.02 (0.83, 1.25) 2 (143) 0.77 (0.60, 0.99)*
CMBPD 1 (70) 0.94 (0.79, 1.11) 2 (208) 1.01 (0.91, 1.12) 2 (143) 0.75 (0.60, 0.93)*

Neurodevelopmental 
outcome

CP 1 (56) 0.62 (0.20, 1.96) 2 (143) 1.76 (0.94, 3.32) 2 (117) 2.17 (0.85, 5.53)
CMCP 1 (70) 0.64 (0.28, 1.45) 2 (208) 1.19 (0.85, 1.67) 2 (143) 1.41 (0.80, 2.47)
MDI 0 NEe 2 (141) 0.85 (0.52, 1.41) 2 (93) 1.09 (0.40, 3.01)

Short-term 
pulmonary effects

FTE3 1 (69) 0.68 (0.53, 0.87)c* 2 (208) 0.54 (0.13, 2.30)c 2 (134) 0.38 (0.04, 3.90)c

FTE7 1 (69) 0.55 (0.38, 0.79)c* 2 (208) 0.53 (0.16, 1.79)c 3 (164) 0.58 (0.39, 0.86)c*
DMVd 0 NEe 2 (208) -12.96 (-20.53, -5.38)* 1 (118) -14.80 (-26.03, -3.57)*

Short-term side 
effects

HT 0 NEe 0 NEe 3 (155) 3.20 (1.08, 9.49)*
HG 0 NEe 2 (208) 1.19 (0.70, 2.04) 3 (155) 0.91 (0.44, 1.86)
INF 1 (70) 0.83 (0.51, 1.37) 2 (208) 1.31 (0.86, 1.99) 4 (180) 1.11 (0.67, 1.87)

anumber of studies (Nr) and the number of patients (n) included in the outcome analysis; bRisk difference with 
95% confidence interval; c Given statistical heterogeneity random-effects model used; d Weighted mean difference; 
e not estimable. CD cumulative dose; M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD 
Bronchopulmonary dysplasia at 36 weeks PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral 
palsy; CMCP Combined mortality at hospital discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI 
< -2 SD; FTE3 Failure to extubate day 3; FTE7 Failure to extubate day 7; DMV Days of mechanical ventilation; HT 
Hypertension (> 2 SD); HG Hyperglycemia (> 150 mg/L); INF Sepsis (culture proven) * Statistical significance (p<0.05) 

72

Chapter 4

proefschrift  onland.indb   72 15-9-2011   09:51:37



is associated with an increased risk for adverse neurodevelopmental outcome.40-42 
Although many clinicians have restricted the use of dexamethasone, it is still used in 
approximately 10% of the preterm infants.6-9 In an attempt to minimize the risk for 
adverse effects, clinicians have drastically lowered the cumulative dexamethasone 
dose administered to these infants 11-14, despite the fact that the impact of using 
lower doses on the incidence of BPD and, more importantly, the neurodevelopmental 
outcome remains unclear. The present study using meta-regression analysis and 
subgroup meta-analysis of the existing placebo controlled dexamethasone trials is 
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Figure 3A. Meta-regression analysis of the cumulative 
dexamethasone dose and the effect on the combined 
outcome mortality or cerebral palsy. Regression lines for 
moderately early trials (circles and dotted line) and 
delayed  trials (triangles and hatched line). The scale 
of the symbols represents the calculated weight in the 
pooled estimate. 
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Figure 3B Meta-analysis of the cumulative dexamethasone dose and the effect on the combined outcome mortality or 
cerebral palsy. Overall and subgroup meta-analysis based on the cumulative dexamethasone dose for moderately early 
studies.
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the first to show that reducing the cumulative dexamethasone dose may increase 
the incidence of BPD without decreasing long-term neurodevelopmental sequelae.

Effects on mortality, BPD and neurodevelopmental outcome
We found that the incidence of both BPD and the combined outcome mortality 
or BPD is reduced significantly by dexamethasone treatment as compared to 
placebo, and that this reduction is positively related to the cumulative dose. Our 
meta-regression analysis indicated that a 3 – 4% reduction in the combined outcome 
mortality or BPD per incremental mg/kg dexamethasone may be attained after both 
moderately early and delayed administration onset. However, this incremental 
effect should be interpreted with caution as it did not reach statistical significance, 
probably due to the large variance in treatment effect across trials. Reduction of this 
variance by pooling the individual trials in subgroups based on cumulative dose 
used, showed that the treatment effect of dexamethasone was both statistically and 
clinically most prominent in the infants treated with a cumulative dose ≥ 4.0 mg/
kg. This finding seems to be consistent with reports that show that a restricted use 
of dexamethasone leads to an increased incidence of BPD8,9, although a more recent 
report has refuted this latter observation.6 

Our meta-regression analysis on the combined outcome mortality or CP and 
Bayley’s MDI showed a striking difference between trials using moderately early 
and delayed dexamethasone treatment onset. First, in the moderately early trials the 
risk for the combined outcome mortality or CP and a MDI < -2SD was decreased by 
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Figure 3C Meta-analysis of the cumulative dexamethasone dose and the effect on the combined outcome mortality or 
cerebral palsy. Overall and subgroup meta-analysis based on the cumulative dexamethasone dose for the delayed studies.
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6% for each incremental mg/kg cumulative dexamethasone dose. Consistent with 
this finding, our meta-analysis showed an incremental decrease in the relative risk 
for the neurodevelopmental outcomes, with the largest treatment effect in the trials 
using a cumulative dexamethasone dose ≥ 4 mg/kg. In contrast, the analysis of the 
delayed trials did not show this association and even suggested an increased risk 
for neurodevelopmental sequelae in response to an increasing cumulative dose. As 
this association did not reach statistical significance it should be interpreted with 
caution and verified in a future comparative trial.

At present we can only speculate on the possible mechanisms for this time dependent 
effect of dexamethasone therapy on neurodevelopmental outcome. First, as 
suggested by animal data, the direct effect (beneficial or harmful) of dexamethasone 
on the brain might differ depending on the postnatal age of exposure.44 Second, 
the effect of dexamethasone on the pulmonary condition and outcome (i.e. BPD), 
may also indirectly effect neurodevelopmental outcome. Protracted mechanical 
ventilation has been shown to be an independent risk factor for CP.43 As starting 
dexamethasone in the moderately early time frame will almost certainly reduce the 
time on mechanical ventilation compared to delayed treatment, it may thus reduce 
the risk for CP. A recent study in preterm baboons showed that a difference as small 
as 5 days of mechanical ventilation already results in a decreased brain growth and 
the presence of subtle brain injury.45 
In addition to mechanical ventilation BPD itself is also an important independent 
risk factor for CP.46 This means that a reduction in BPD mediated through 
dexamethasone may have a beneficial effect on the risk of CP. And, as shown in this 
review and by others2,3, the treatment effect of dexamethasone on BPD seems to be 
most prominent when starting dexamethasone treatment moderately early, which 
might, in part, explain the time dependent (moderately early vs delayed) effect of 
dexamethasone on CP.
Considering these mechanisms in combination, it might well be that a direct negative 
effect of dexamethasone on the brain is overridden by the indirect beneficial effect 
mediated via a reduction in time on mechanical ventilation and the incidence of BPD.

Effects on intermediate outcomes
Similar to the findings of the Cochrane reviews2,3, treatment with dexamethasone 
facilitated extubation at treatment day 3 and 7, and reduced the days of mechanical 
ventilation in both the moderately early and the delayed trials. However, no clear 
correlation between the cumulative dose and the treatment effect was shown. This 
finding suggests that a lower, more physiological dose of dexamethasone may be 
sufficient to improve these short-term pulmonary outcomes, but the relevance of 
these outcomes in relation to BPD remains questionable.

Effects of postnatal glucocorticoids and cumulative doses
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As expected, dexamethasone increased the risk for the short term adverse outcomes 
hypertension, hyperglycemia and infection, especially in the moderately early 
treatment trials. Meta-regression failed to show a clear association of these risks 
with dexamethasone dose, indicating that the use of lower dexamethasone doses 
will not prevent the occurrence of these short term adverse effects. 

Limitations
This meta-analysis has several limitations that need to be discussed. First, most 
placebo controlled dexamethasone trails that we included differed considerably 
with regard to clinical characteristics of patients (i.e. antenatal steroid and 
surfactant use) and study design, including differences in the dexamethasone 
starting dose, the duration of therapy and the use of dexamethasone outside the 
protocol. This means that besides the cumulative dose, most trials also differed in 
the timing of peak exposure and the total time of exposure to dexamethasone. It 
is unknown if and how these factors affect the treatment effect of dexamethasone 
on the outcome parameters reported in this review. Furthermore, not all trials 
reported the primary and secondary outcome parameters and/or used various 
definitions or assessed the outcomes at different points in time. Although we 
pooled the data as if they were from clinically homogeneous studies, this apparent 
clinical diversity compromises the validity of the results of our meta-analysis. We 
therefore used, when appropriate, the more conservative random effect models to 
avoid overestimation of spurious effects.  

Second, the sample size of the majority of trials was relatively small, which may 
have resulted in inadequate power to detect small, but clinically relevant differences 
in some of the important outcome parameters, especially during meta-regression 
and subgroup meta-analysis. 

Third, most RCTs did not report if all patients actually received the prespecified 
cumulative dexamethasone dose. Variance in compliance within trials and between 
trials may have affected the results, as this analysis is based on the intention to treat 
principle. 

Implications for practice and research
This review has important implications for daily clinical practice. First, using lower 
dexamethasone doses may increase the risk for the combined outcome mortality 
or BPD, independent of the timing of administration. Second, administering 
lower dexamethasone doses is not accompanied by a significant reduction in 
neurodevelopmental sequelae, assessed by the incidence of CP and the number 
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of infants with a MDI below -2SD. In fact, reducing the dexamethasone dose may 
increase the risk for neurodevelopmental sequelae if treatment is started between 7 
and 14 days after birth (i.e. moderately early onset). 

Although these findings raise serious concerns on the currently restricted use of 
dexamethasone in preterm infant at risk for BPD and neurodevelopmental sequelae, 
confirmation by a large randomized controlled trial is urgently needed. This trial 
should compare a high dexamethasone arm (≥ 4 mg/kg), a low dexamethasone 
arm (≤ 2 mg/kg) and a placebo group, using a comparable duration of treatment 
in all groups. The suggested doses are based on the assumption that reducing 
BPD is the primary target of such a trial. Considering the increased risk for CP 
in previous trials using early treatment and the possible association between 
dexamethasone dose and neurodevelopmental sequelae after delayed treatment, 
dexamethasone treatment should be initiated moderately early in this trial. Data 
on the following primary outcome parameters should be collected: BPD at 36 weeks 
PMA, mortality at 36 weeks PMA and at discharge, and a complete assessment of 
major neurosensory impairment using predefined definitions, diagnostic tests and 
time points. Short term benefits (i.e. time of extubation, duration of ventilation) and 
adverse effects (i.e. hypertension, infection, and hyperglycemia) can be reported as 
secondary outcomes. The use of glucocorticoids outside the study protocol should 
be avoided as much as possible or based on an agreed protocol. Needless to say that 
such a trial should be adequately powered, and include preterm infants with a high 
risk for BPD. One of the challenges will be to identify the infants with a high risk for 
BPD and/or neurodevelopmental sequelae in this second week of life.

Despite the fact that this review supports current concerns about the ineffectiveness 
and even potential harm of lower dexamethasone doses, the use of higher 
dexamethasone doses in these infants can not be based on sound research evidence 
at this point in time. We recommend that dexamethasone should not be given 
outside the American Academy of Pediatrics guidelines or the realm of a well 
designed and executed controlled clinical trial.

Conclusion
The present meta-analysis and meta-regression of all available randomized evidence 
shows that higher cumulative dexamethasone doses may decrease the risk for 
bronchopulmonary dysplasia without increasing the risk for neurodevelopmental 
sequelae. Administering a higher dose in the moderately early treatment period might 
even decrease the incidence of neurodevelopmental sequelae. Given the present 
uncertainty with regard to the timing and cumulative dosing of dexamethasone 
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treatment a large RCT comparing a moderately early administration of a high and a 
low with a placebo group is needed to confirm or refute these finding, and to guide 
clinical practice.
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Abstract
Context: Open label glucocorticoids (OLG) were often used in the trials investigating 
postnatal dexamethasone treatment in ventilated preterm infants. 
Objective: To determine if OLG use modulates the dexamethasone treatment effect on 
mortality, bronchopulmonary dysplasia (BPD) and neurodevelopmental outcome.
Data sources: Electronic databases, abstracts from the Pediatric Academic societies 
and manual reference searches.
Methods of study selection: Two reviewers, independently, identified fifteen randomized 
controlled trials, including 721 patients, comparing dexamethasone with placebo in 
ventilated preterm infants older than 7 days and extracted all relevant data. The 
interaction between dexamethasone treatment effect and OLG use was assessed by 
meta-regression analysis and subgroup meta-analysis according to the percentage 
of OLG use in the placebo group. Trials with a moderately early (7-14 d) or delayed 
(>3 wk) treatment onset were analyzed separately.
Results: Moderately early, but not delayed, dexamethasone treatment significantly 
reduced mortality in trials with < 30% OLG use in the placebo arm. Meta-regression 
analysis showed that this reduction was inversely related to OLG use. Increasing 
OLG use strengthened the positive effect of dexamethasone on BPD in the 
moderately early trials but attenuated the effect in the delayed treatment trials. In 
trials with < 30% OLG use, dexamethasone increased the risk for cerebral palsy in 
the delayed, but not the moderately early, treatment trials. 
Conclusions: OLG use in the dexamethasone trials modifies the treatment effect of 
the reported outcomes. When adjusted for OLG use effect modification, moderately 
early dexamethasone treatment reduces mortality and the combined outcome 
mortality and BPD without increasing the risk of adverse neurodevelopmental 
outcome in ventilated preterm infants. 
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Introduction
Systematic reviews of placebo controlled trials have shown that the use of systemic 
dexamethasone reduces the incidence of bronchopulmonary dysplasia (BPD), but 
not mortality in ventilated preterm infants.8,9 Despite this beneficial effect on BPD, 
the use of dexamethasone has declined over the recent years because of suspected 
long-term adverse effects, such as an increased risk of cerebral palsy (CP).10-12 It is, 
however, important to recognize that the validity of these results may have been 
compromised by the fact that the trials included in the reviews differed considerable 
in the timing of initiating dexamethasone treatment, the cumulative dose and the 
use of open label glucocorticoids (OLG).15 

In two systematic reviews exploring the effect of timing and cumulative 
dexamethasone dose on important clinical outcome parameters, such as BPD and 
neurodevelopmental sequelae we found that initiating treatment between 7 – 14 
days of life (moderately early) was superior to late treatment (> 3 weeks) and that 
higher cumulative doses were more effective than lower doses.15,16 We did not find a 
significant impact of either timing or cumulative dexamethasone dose on mortality. 

The majority of the dexamethasone trials allowed for the use of OLG in both the 
intervention and the placebo arm, and considerable numbers of patients received 
OLG in actual fact. As data analyses were done on intention to treat basis the true 
effect of dexamethasone on mortality, BPD and neurodevelopmental outcome may 
have been obscured17,18. To date, two systematic reviews have investigated the impact 
of OLG use on dexamethasone treatment effects, but showed conflicting results on 
mortality and neurodevelopmental outcome.19,20 The effect of OLG on BPD was 
not reported. Furthermore, these reviews did not take into account the timing of 
initiating dexamethasone treatment, a factor that, based on previous reviews, can be 
an important modifier of dexamethasone treatment effects.8,9,15 

The aim of the present study was to determine if and how OLG changes the treatment 
effect of dexamethasone on mortality, BPD and neurodevelopmental outcome 
taking into account the timing of initiating dexamethasone treatment. To this end, 
we used both meta-regression and meta-analysis of all randomized controlled trials 
comparing dexamethasone to placebo in ventilated preterm ventilated infants. 

Methods
The clinical studies meeting the inclusion criteria previously described were identified 
by searching the main electronic databases, references from relevant studies and 
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abstracts from the Pediatric Academic Societies (from 1990 onwards).15 Methodological quality 

of the trials was assessed by rating the following items using the criteria described in the Cochrane 
Reviewers’ Handbook21: risk of bias by insufficient allocation concealment, blinding 
of intervention, completeness of follow-up and blinding of outcome measurements. 
The following data were extracted from the original papers: birth weight, gestational 
age, gender, number of patients randomized, treatment with antenatal glucocorticoids, 
postnatal surfactant treatment, postnatal age at start and cumulative dose of 
dexamethasone, percentage of patients treated with OLG in both the intervention 
and the placebo arm, mortality at 36 weeks postmenstrual age (PMA) and/or at 
hospital discharge, BPD defined as oxygen dependency at 36 weeks PMA, long term 
neurodevelopmental sequelae, assessed after at least 1 year corrected gestational age 
(CGA) and before a CGA of 4 year including cerebral palsy and Bayley’s Scales of 
Infant Development (Mental Development Index MDI). Both quality rating and data 
extraction were performed independently by two reviewers (WO and ADJ).
The original investigators of the included RCTs were contacted and asked to 
confirm whether the data extraction was accurate and, where necessary, to provide 
additional (unpublished) data. 

Meta-analysis of the extracted data was performed using the standard methods 
of the Cochrane Neonatal Review Group. Trial results were analyzed according to 
the time of initiating therapy, i.e. moderately early (i.e. in the second week of life) 
and delayed treatment onset (after 3 postnatal weeks). Within each timing group, 
subgroup analysis was performed based on the percentage of patients receiving 
OLG in the placebo group, assigning the included studies to one of three subgroups 
based on the percentage of patients receiving OLG, using arbitrary cut-off points 
of 30% and 50%. Subgroup analysis based on the percentage of patients receiving 
OLG in the intervention group was not performed because here OLG use was 
dichotomous in nature, being either absent or relatively stable across trials at 
25-30% (Table 1). Treatment effect estimates were expressed as relative risk (RR) for 
dichotomous outcomes with a 95% confidence interval. Finally, effect estimates on 
all outcome parameters were pooled in the predefined subgroups according to the 
rate of OLG in the placebo group. We explored the relationship of OLG use with the 
various different DEXA treatment effect sizes. For each clinical outcome parameter, 
the observed risk difference of the separate trials was plotted against the percentage 
of patients receiving OLG in the placebo group and a weighted meta-regression with 
the percentage of patients receiving OLG in the placebo group as the independent 
covariate was performed.

To identify possible third order effect modifiers, the pairwise Pearson correlation 
coefficient was calculated using the percentage of OLG use in the placebo group 
and the following variables as co-variates: birth weight, gestational age, percentage 
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of infants treated with antenatal glucocorticoids, cumulative dosage of postnatal 
dexamethasone treatment, total days of dexamethasone therapy and the percentage 
of patients receiving postnatal surfactant. 

All statistical tests were two-sided and considered significant when p<0.05. All data 
were analyzed using Intercooled Stata 9.2 (Stata Corporation, College Station, Texas, 
USA). In the absence of statistical heterogeneity (p > 0.05), fixed-effects models were 
used for the meta-analyses and meta-regression, otherwise random effects models 
were used.

Results
Study characteristics
Based on the search strategy 15 original placebo controlled RCTs, randomizing 721 
patients, were included in this review (Figure 1).15 Original investigators of eleven 
trials provided additional data on their study methods, patients’ characteristics or 
outcome parameters. 
The overall methodological quality of the trials was judged fair to good.15 All trials 
included preterm infants with a similar gestational age and birth weight (Table 1). 
Eight trials initiated dexamethasone therapy moderately early (7 – 14 days postnatal) 
and 7 trials used delayed (> 3 weeks) treatment. The cumulative doses ranged from 
0.9 to 7.8 mg/kg. All except 4 trials used a starting dose of 0.5 mg/kg/day and the 
duration of dexamethasone therapy ranged from 3 to 42 days. 

The percentage of patients treated with OLG in the placebo group varied from 0 to 
65%, with 4, 7 and 4 trials reporting OLG use in, respectively, < 30%22-25, 30-50%26-32, 
and >50%33-36 of the patients. Two trials explicitly prohibited the administration of 
OLG by protocol.22,23 

Data on pulmonary endpoints and mortality in the study by Kari et al. were 
obtained from the original investigator and consisted of a single center subgroup.26 
The study by Cummings et al. compared a high dexamethasone dose (7.8 mg/kg) 
to a low dose (3.0 mg/kg) and a placebo, which allowed us to compare both groups 
to the placebo group.22 The DART trial was analyzed as delayed treatment onset as 
most infants in this study were included at or after 3 weeks of postnatal age.29 From 
the Collaborative Dexamethasone Trial Group (CDTG) study, which included both 
ventilated and non-ventilated infants, we only used the data of ventilated preterm 
infants.31
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Outcome parameters
Mortality 
Meta-regression analysis of the moderately early, but not the delayed trials, showed 
a significant positive regression coefficient when exploring the OLG use and the 
risk difference in mortality at 36 weeks PMA and hospital discharge. This suggests 
that the positive treatment effect of dexamethasone on mortality decreases with 
increasing OLG use (Table 2, Figure 2A). Subgroup meta-analysis of the moderately 

1207 Potentially relevant citations screened for retrieval
1188 Identified by Pubmed Search
19 Identified by search of meeting abstracts and other sources

110 Abstracts retrieved for more detailed evaluation
91 From Pubmed Search

  19 From meeting abstracts and other sources  

1097 Citations excluded (clearly not relevant)

83 Reports excluded
9 Not a randomized controlled trial
18 Not dexamethasone versus placebo
29 Initiation of therapy < 7 days PNA
11 Duplicate publications
16 Outcomes not relevant for review

28 Full-text manuscripts or meeting abstracts 
retrieved for detailed information

9 Manuscripts excluded
4 Used “individualized” dosing of dexamethasone 1- 4

1 No available data5

2 Treatment therapy in both arms before end-points 6,7

1 Hydrocortisone after dexamethasone course 13

1 Inclusion non-ventilated patients14

19 Manuscripts or abstracts were included in the systematic review
15 original randomized placebo controlled trials
4 follow-up reports

Figure 1. Study selection. PNA, postnatal age
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early trials showed similar findings with a significant reduction in the relative risk 
for mortality at hospital discharge in favor of dexamethasone in the subgroup of 
trials with OLG <30% (Table 3, Figure 2B).

BPD 
The moderately early trials meta-regression analysis of OLG use and the risk 
difference in BPD revealed a negative regression coefficient but this finding failed to 

Table 1. Patient and trial characteristics

Trials GA 
(wk)

BW 
(g)

ME/D OLGdexa 
(%)

OLGplcb 
(%)

CD (mg/
kg)

ANS 
(%)

SF 
(%)

Cummings(a)22 26.0/26.0 818/854 ME 0 0 7.8 38/45 0/0
Cummings(b)22 26.0/26.0 810/854 ME 0 0 3.0 25/45 0/0
Scott24 27.0/27.0 1000/815 ME 10 0 1.9 10/40 100/100
Kari26 26.8/26.0 873/803 ME 27* 33 3.5 9/8* 27/8*

Romagnoli27 27.5/27.1 850/948 ME 33 33 4.8 47/40 80/80
Vento28 27.3/27.2 890/870 ME 30* 50 2.4 40/40 80/80
Kovacs33 25.8/25.9 731/796 ME 23 57 1.5 73/73 47/47
Walther34 28.5/28.6 993/1029 ME 24 58 1.9 76/42 100/100
Durand45 27.4/27.4 887/834 ME 26 65 2.4 13/15* 83/90*
Kothadia23,46 26.0/25.0 740/760 D 0 0 7.9 35/21 99/100
Ariagno25 27.7/27.2 929/882 D 10 27 4.0 - -
DART29,47 24.0/25.0 652/700 D 26 40 0.9 89/89 94/97
Vincer30 26.3/25.0* 787/834* D 0* 44 2.4 36/44* 64/33*
CDTG31,48 27.3/27.0 989/952 D 25 47 3.5 - -
Ohlsson32 26.6/26.2 926/930 D 25 46 5.6 42/64 17/23
Avery36 28.5/27.6 961/942 D 0 63 7.9 - -
GA gestational age dexamethasone/placebo group; BW birth weight dexamethasone/placebo; ME/D moderately early/
delayed treatment onset; CD cumulative dosage; ANS antenatal steroids dexamethasone/placebo group; SF surfactant 
dexamethasone/placebo group; OLG open label glucocorticoids dexamethasone/placebo; a Cummings dexamethasone 
cumulative dose 3.0 mg/kg versus placebo; b Cummings dexamethasone cumulative dose 7.8 mg/kg versus placebo; * 
Additional data obtained from original investigators.

Table 2. Meta-regression risk difference and open label glucocorticoids in the placebo group

Parameter Moderately early trials Delayed trials
A† Effect§ (95% CI) A† Effect§ (95% CI)

M36 -22.7 0.44 (0.12, 0.75)* -4.6 0.09 (-0.08, 0.25)
MHD -25.4 0.46 (0.12, 0.80)* -4.0 0.10 (-0.17, 0.37)
BPD 0.7 -0.41 (-1.13, 0.30) -17.8 0.37 (-0.03, 0.77)

CMBPD -22.0 -0.02 (-0.73, 0.78) -22.4 0.45 (0.17, 0.74)*
CP -12.0 0.11 (-0.53, 0.76) 17.1 -0.27 (-1.15, 0.60)
CMCP -21.7 0.33 (-0.27, 0.92) 10.9 -0.20 (-0.91, 0.51)
MDI -30.9 0.44 (-0.20, 1.08) 1.7 -0.13 (-0.40, 0.14)
M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary dysplasia at 36 weeks 
PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined mortality at hospital 
discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; § Effect percentage change with increasing 
percentage open label glucocorticoids; † A intercept of risk difference (%); * Statistical significant (p<0.05).
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reach statistical significance (Table 2, Figure 3A). In line with this result, subgroup 
meta-analysis showed an incremental reduction in the relative risk for BPD, in favor 
of dexamethasone, with increasing OLG use. We found a statistically significant 
difference in the relative risk for BPD in the subgroup of trials with an OLG use 
above 50% (Table 3, Figure 3B). This association between BPD risk and OLG use was 
no longer present when combining BPD with mortality, with all subgroups showing 
a significant reduction in this outcome parameter in favor of the dexamethasone 
group (Table 3). The delayed treatment trials showed an opposite association 
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Figure 2B Subgroup meta-analysis of the outcome mortality at hospital discharge in the moderately early studies.

Figure 2A Moderately early trial meta-regression 
analysis of the percentage of open label glucocorticoids 
in the placebo group and the effect on the outcome 
mortality at hospital discharge. Regression line and 
95% confidence intervals for moderately early trials 
(circles and dotted line) trials. The scale of the symbols 
represents the calculated weight in the pooled estimate. 
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between OLG use and the risk for BPD, reporting the largest dexamethasone 
treatment effect on BPD in trials with a low OLG use (Table 4). Combining BPD 
with mortality showed an even stronger association, as indicated by the significant 
regression coefficient (Table 2). 

Neurodevelopmental outcome 
Both meta-regression analysis and subgroup meta-analysis of the moderately 
early trials showed no clear association between adverse neurodevelopmental 
outcome in terms of CP or the rate of a MDI below -2SD and the use of OLG in 
the placebo arm (Table 2-3, Figure 4). Although meta-regression and subgroup 
meta-analysis suggested an increased risk of the combined outcome mortality or 
CP with increasing use of OLG in the placebo arm, this finding was not statistically 
significant. The analysis of the delayed trials showed the opposite effect of OLG use 

Table 3. Subgroup meta-analyses of the moderately early treatment trials

Outcome OLGplcb < 30%
RR (95% CI)

30% ≤ OLGplcb ≤ 50%
RR (95% CI)

OLGplcb > 50%
RR (95% CI)

M36 0.51 (0.25, 1.07) 0.70 (0.13, 3.82) 1.19 (0.55, 2.54)
MHD 0.43 (0.21, 0.87)* 0.70 (0.13, 3.82) 1.07 (0.51, 2.25)
BPD 1.06 (0.58, 1.96) 0.63 (0.38, 1.02) 0.53 (0.32, 0.88)*

CMBPD 0.78 (0.61, 0.98)* 0.63 (0.41, 0.97)* 0.70 (0.57, 0.86)*
CP 0.69 (0.25, 1.92) 0.67 (0.22, 2.05) 0.65 (0.20, 2.17)
CMCP 0.67 (0.41, 1.07) 0.71 (0.27, 1.91) 0.93 (0.51, 1.69)
MDI 0.39 (0.15, 1.02) 0.75 (0.19, 2.99) 0.71 (0.33, 1.54)
M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary dysplasia at 36 weeks 
PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined mortality at hospital 
discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; OLGplcb Open label glucocorticoids in the 
placebo group; * Statistical significant (p<0.05).

Table 4. Subgroup meta-analyses of the delayed treatment trials

Outcome OLGplcb < 30%
RR (95% CI)

30% ≤ OLGplcb ≤ 50%
RR (95% CI)

OLGplcb > 50%
RR (95% CI)

M36 0.54 (0.14, 2.04) 0.96 (0.60, 1.53)
MHD 0.90 (0.42, 1.94) 0.97 (0.62, 1.51) 1.50 (0.34, 6.70)
BPD 0.76 (0.58, 1.00) 0.99 (0.85, 1.15)

CMBPD 0.73 (0.58, 0.93)* 0.98 (0.90, 1.08)
CP 3.75 (1.13, 12.43)* 1.24 (0.74, 2.08)
CMCP 1.56 (0.85, 2.87) 1.05 (0.77, 1.42)
MDI 1.09 (0.40, 3.01) 0.83 (0.50, 1.37)
M36 Mortality at 36 weeks PMA; MHD Mortality at hospital discharge; BPD Bronchopulmonary dysplasia at 36 weeks 
PMA; CMBPD Combined mortality or BPD at 36 weeks PMA; CP Cerebral palsy; CMCP Combined mortality at hospital 
discharge and cerebral palsy in survivors assessed; MDI Bayley’s MDI < -2 SD; OLGplcb Open label glucocorticoids in the 
placebo group; * Statistical significant (p<0.05).

Effects of open-label glucocorticoids in trials

89

proefschrift  onland.indb   89 15-9-2011   09:51:41



on neurodevelopmental outcome with an increased risk of CP in the subgroup of 
trials using less than 30% OLG (Table 4). 

Third order effect modification
Analysis did not reveal a significant correlation between OLG use and the 
prespecified variables, making third order effect modification unlikely (data not 
shown). 
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Figure 3B Subgroup meta-analysis of the outcome bronchopulmonary dysplasia at 36 weeks PMA in the moderately early 
studies.

Figure 3A Moderately early trial meta-regression 
analysis of the percentage of open label glucocorticoids 
in the placebo group and the effect on the outcome 
bronchopulmonary dysplasia at 36 weeks PMA. Regression 
line and 95% confidence intervals for moderately early 
trials (circles and dotted line) trials. The scale of the 
symbols represents the calculated weight in the pooled 
estimate. 
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Figure 4 Subgroup meta-analysis based on the percentage open label glucocorticoids in the placebo group and the effect 
on the combined outcome mortality or cerebral palsy for moderately early studies.

Discussion
Up to now, systematic reviews of randomized controlled trials comparing postnatal 
systemic dexamethasone to placebo in ventilated preterm infants at risk for BPD 
have shown that dexamethasone has no effect on mortality, reduces the incidence 
of BPD, and may increase the risk for adverse neurodevelopmental outcome.9,37 
However, in the majority of the available RCTs infants in the placebo group received 
OLG as a rescue treatment. This may have confounded the results as all RCTs 
analyzed the data on an intention to treat basis.38 

The first and most important finding of this review is that dexamethasone 
administered in the second week of life (moderately early) significantly reduces 
mortality at hospital discharge in those trials with a low OLG use (< 30%) in the 
placebo group. In addition, subgroup meta-analysis and meta-regression analysis 
showed a clear association between the percentage of OLG use in the placebo group 
and the dexamethasone treatment effect on mortality. These two findings suggest 
that moderately early dexamethasone treatment does indeed reduce mortality, but 
that this effect has so far not been recognized because of the OLG use in most of 
the trials. In the delayed treatment onset trials (> 3 weeks) OLG did not modulate 
mortality risk, indicating that delayed dexamethasone treatment probably has no 
effect on mortality in chronically (> 3 weeks) ventilated preterm infants.

OLG use also influenced the dexamethasone treatment effect on BPD. In the 
moderately early trials, increasing use of OLG resulted in a decreasing relative risk 
for BPD, reaching statistical significance in the trials with more than 50% OLG use 
in the placebo arm. 
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Two important factors need to be taken into consideration when trying to explain 
these findings. First, OLG use in the placebo arm might, similar to dexamethasone 
in the intervention arm, reduce the risk of BPD, diluting the contrast. Second, as 
shown by this review, OLG use in the placebo arm will also impact mortality. In 
trials with a low percentage of OLG use, mortality in the placebo group was higher, 
with an obvious selection of surviving patients at a lower risk of BPD. In the other 
trials a high percentage of OLG use might lead to improved chances of survival 
of the sickest infants, resulting in a higher risk for BPD in the placebo group. The 
different selection of patients in the a priori risk of BPD in the placebo group will also 
impact the treatment effect of dexamethasone on BPD. The results from the subgroup 
analysis and the meta-regression analysis on BPD seem to suggest that the indirect 
effect of survival on BPD in the moderately early trials is more important than the 
direct effect of OLG. This is also supported by the fact that the combined outcome 
mortality or BPD at 36 weeks did not show a clear correlation with OLG use. 

In the delayed treatment onset trials, the opposite effect of OLG use was found on 
BPD, i.e. a lower relative risk for BPD in trials with a low OLG use in the placebo 
arm. As OLG use does not seem to affect mortality risk in these delayed trials, this 
finding is probably best explained by the direct effect of OLG use on BPD in the 
placebo arm, thus attenuating the true treatment effect of dexamethasone. 

Despite the beneficial effect of dexamethasone on BPD, there have been growing 
concerns on the possible adverse effects on neurodevelopmental outcome.37,39 Up to 
now, these concerns have only been substantiated in trials starting dexamethasone 
in the first days after birth.8 The effect on neurodevelopmental outcome is much 
less clear when starting dexamethasone treatment moderately early or delayed. 
Some have argued that the latter is caused by the fact that infants assigned to 
the placebo arm were often treated with OLG, which may have attenuated the 
negative effects of dexamethasone on neurodevelopmental outcome.40-42. As far 
as the moderately early trials are concerned, the present review does not support 
this line of reasoning, showing no clear association between OLG use and adverse 
neurodevelopmental outcome variables. Analysis of the delayed trials showed that 
low OLG use in the placebo group strengthened the previously reported negative 
effect of dexamethasone on neurodevelopmental outcome.37,43

Two previous reviews also explored the possible impact of OLG use on the 
treatment effect of dexamethasone on mortality and neurodevelopmental 
outcome.19,20 Barrington reported that dexamethasone increased the risk for adverse 
neurodevelopmental outcome and that this risk was highest in the RCTs with less 
than 30% OLG use. Dexamethasone did not reduce mortality and this finding 
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was not modulated by OLG use. Comparing these results to the present review 
is difficult because the review of Barrington included only 8 RCTs, half of which 
started dexamethasone administration in the first days of life (early). Including 
these early trials may have influenced the dexamethasone treatment effect on 
both mortality and neurodevelopmental outcome, because the a priori mortality 
risk is probably lower in infants mechanically ventilated in the first days of life 
compared with chronically ventilated infants put on steroids after the first week 
of life, and because the association between dexamethasone treatment and adverse 
neurodevelopmental outcome is almost exclusively reported in early treatment 
trials.8 The review by Doyle and colleagues, including early (n=8), moderately early 
(n=4) and delayed (n=5) treatment trials, showed a significant reduction in mortality 
and an increased risk for CP in the dexamethasone treatment arm, but only in 
the subgroup of trials that did not allow OLG use. The present review adds new 
and important information to this finding. First, meta-regression analysis shows 
a significant association between OLG use and the effect of dexamethasone on 
mortality. Second, the present review shows that dexamethasone will only reduce 
mortality if administered between 7 – 14 days of life (moderately early). Third, the 
adverse effect of dexamethasone on neurodevelopmental outcome in RCTs using 
less than 30% OLG is only seen after delayed (> 3 weeks) treatment and not after 
moderately early treatment in the second week of life. Finally, this study includes 
6 additional trials24,28,29,34,36,45 and obtained non-published information from the 
original trialists on the reported outcome parameters from 11 of the 15 trials, thereby 
increasing the robustness of the results. 

Limitations
This review has several limitations that need to be discussed. First, most trials 
did not provide detailed information on OLG use in terms of clinical indication, 
cumulative dose, duration, and timing. It is unknown if and how these factors affect 
the findings of this review. Second, the included RCTs differed considerably in study 
design including differences in the dexamethasone starting dose, the duration of 
therapy and cumulative dose. Although we pooled the data as if they were from 
clinical homogeneous studies, this apparent clinical diversity compromises the 
validity of the results of our meta-analysis. We therefore used, when appropriate, 
the more conservative random effect models to avoid overestimation of spurious 
effects. In addition we looked for possible third order effect modifiers, but were 
unable to show a significant correlation between the use of OLG and several 
prespecified variables. Finally, the above described associations should be 
interpreted with caution because of the small sample size of the trials and the large 
variance in treatment effect across trials. The consequence of using meta-regression 
and subgroup meta-analysis is that the already small sample size may have resulted 
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in inadequate power to detect small, but clinically relevant differences in some of 
the important outcome parameters.

Implications for practice and research
This review has important implications for clinical practice, because it shows that, in 
addition to the previously reported beneficial effect on BPD, dexamethasone when 
administered moderately early may also reduce mortality. However, this effect is 
not seen after delayed treatment. Furthermore, this review shows that moderately 
early use is not accompanied by an increased risk for adverse neurodevelopmental 
outcome, even in the subgroup with low OLG use. These results once again show that 
the optimal time to start dexamethasone treatment in ventilated preterm infants at 
risk for BPD is in the second week of life. Yet, given the limitations discussed above, 
including the small sample sizes of most trials, we feel that the results of this review 
should be confirmed or refuted in a large randomized controlled trial of moderately 
early administered dexamethasone versus placebo. In such a trial OLG use should 
be limited as much as possible. Data should be analyzed on an intention-to-treat 
basis, per-protocol, and in a adherers-only analysis in order to accurately estimate 
the true effect of dexamethasone treatment on the clinical outcome parameters.44 

Conclusion
Dexamethasone treatment started 7 – 14 d after birth (moderately early) reduces 
mortality and BPD without increasing the risk of adverse neurodevelopmental 
outcome in ventilated preterm infants at risk for BPD. OLG use in the placebo arm 
can modify these treatment effects and should therefore be taken into account when 
analyzing future trials. 
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Abstract 
Background: Bronchopulmonary dysplasia (BPD), defined as oxygen dependence 
at postmenstrual age of 36 weeks, remains an important complication of 
prematurity. Pulmonary inflammation plays a central role in the pathogenesis of 
BPD. Attenuating pulmonary inflammation with postnatal systemic corticosteroids 
reduces the incidence of bronchopulmonary dysplasia in preterm infants but may 
be associated with an increased risk of adverse neurodevelopmental outcome. Local 
administration of corticosteroids via the inhalation route might be an effective and 
safe alternative.
Objectives: To determine if administration of inhalation corticosteroids after the first 
week of life to preterm infants at high risk of developing BPD, is effective and safe in 
reducing the incidence of the separate or combined outcome death or BPD.
Search methods: We identified randomised, controlled trials within the Pubmed, 
EMBASE, CINAHL and the Cochrane Database, references from retrieved trials and 
hand searches of journals. 
Selection criteria: Randomised controlled trials comparing inhalation corticosteroids, 
started ≥ 7 days PNA but before 36 weeks postmenstrual age (PMA), to placebo 
in ventilated and non-ventilated infants at risk of BPD were included. Trials 
investigating systemic corticosteroids versus inhalation corticosteroids were 
excluded.
Data collection and analysis: Data on patient characteristics, trial methodology, and 
inhalation regimens were collected. The primary outcomes were death and/or BPD 
at 28 days PNA or 36 weeks PMA. Secundary outcomes were short-term respiratory 
outcomes, such as failure to extubate, total days of mechanical ventilation and 
oxygen use, and the need for systemic corticosteroids. The original trialists’ were 
contacted to verify the validity of extracted data and to provide data currently 
missing. All data were analyzed using RevMan 5.0.24. When possible, meta-analysis 
was performed using typical risk ratio (TRR) for dichotomous outcomes and 
weighted mean difference (WMD) for continuous outcomes, along with their 95% 
confidence intervals (CI). Ventilated and non-ventilated participants were analyzed 
seperately.
Results: Eight trails randomising 232 preterm infants were included in this review. 
Inhalation corticosteroids did not reduce the separate or combined outcomes death 
or BPD. Furthermore, inhalation steroids did not impact short term respiratory 
outcomes such as failure to extubate and total duration of mechanical ventilation or 
oxygen dependency. There was a trend to a reduced use of systemic corticosteroids 
in favour of inhalation corticosteroids (TRR 0.51; 95%CI 0.26, 1.00). There was a 
paucity of data on short-term and long term adverse effects. These results should 
be interpreted with caution because the total number of randomized patients is 
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relatively small and most trials differed considerably in patient characteristics, 
inhalation therapy and outcome definitions. 
Authors’ conclusions: Based on the results of the currently available evidence 
inhalation corticosteroids initiated at ≥ 7 days of life for preterm infants at high risk 
of developing BPD cannot be recommended at this point in time. More and larger 
randomised, placebo-controlled trials are needed to establish the efficacy and safety 
of inhalation corticosteroids.

Background 
Description of the condition 
Bronchopulmonary dysplasia (BPD), defined as oxygen dependency at 36 weeks 
postmenstrual age (PMA) is the most important complication of prematurity 
with a reported incidence of 23% in infants born at 28 weeks, increasing to 73% in 
infants born at 23 weeks.1 BPD is characterized by prolonged respiratory support, 
a compromised lung function and recurrent respiratory infections during the 
first years of life. Furthermore, BPD is considered an independent risk factor for 
neurodevelopmental impairment.2-4 BPD is a multifactorial disease with mechanical 
ventilation, oxygen toxicity and pre- and postnatal infection as the most important 
risk factors and pulmonary inflammation playing a central, mediating role. 

Description of the intervention 
The intervention of interest is inhaled corticosteroids administered to either 
ventilated or non-ventilated newborn infants at risk of developing BPD. Budesonide, 
beclomethasone and fluticasone are the most frequently used inhaled corticosteroids 
in newborn infants and these drugs are almost exclusively delivered using a 
pressurized metered dose inhaler or a nebulizer. Studies in preterm infants revealed 
that the metered-dose inhalation results in a far better deposition than nebulisation. 
In addition, inhalation via an endotracheal tube provides better deposition than 
inhalation via a face mask.5

How the intervention might work 
As previously mentioned, pulmonary inflammation plays a central, modulating 
role in the pathogenesis of BPD.6,7 Corticosteroids have a strong anti-inflammatory 
effect, making them an ideal candidate to attenuate the inflammatory response 
associated with BPD. Randomized controlled trials (RCTs) have shown that 
systemic administration of corticosteroids reduces the incidence of BPD and 
the combined outcome death or BPD in ventilated preterm infants. However, 
systemic corticosteroids are also associated with short-term (e.g. hyperglycemia, 
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hypertension, infection) and long-term (neurodevelopmental impairment) adverse 
effects. This balance between beneficial and adverse effects of corticosteroids may 
be more favourable when using the inhalation route, because, ideally, inhaled 
corticosteroids should demonstrate high pulmonary deposition, in addition to a low 
systemic bioavailability and rapid systemic clearance. 

Why it is important to do this review 
The association between early (< 7 days of life) systemic corticosteroids use and 
adverse neurodevelopmental outcome has resulted in a reduction in the overall 
use of corticosteroids in ventilated preterm infants.8 Administering corticosteroids 
by inhalation might be a safe and effective alternative. A systemic review of the 
randomized evidence on inhaled corticosteroids in preterm infants was first 
published in the Cochrane Library in 1999, followed by an update in 2002.9 The 
conclusions of that review were that in ventilated infants administration of inhalation 
corticosteroids resulted in an improved rate of extubation without any apparant 
adverse effects. No firm conclusions could be drawn for non-ventilated infants. The 
present systematic review provides a second update, including a discussion of RCTs 
published after 2002. In addition, we extended the inclusion criteria by including all 
RCTs initiating inhalation corticosteroids after the first week of life, in line with the 
Cochrane reviews on systemic corticosteroids.10,11

Objectives 
The primary objective was to compare the effectiveness of inhaled corticosteroids 
versus placebo administered after the first week of life in preterm infants at high 
risk of developing BPD on the incidence of death or BPD at 36 weeks PMA. The 
secondary objective was to compare the effectiveness of inhaled corticosteroids 
versus placebo on respiratory support, the need for systemic corticosteroids, and 
adverse effect during hospitalization and long-term follow-up.

Methods 
Criteria for considering studies for this review 
Types of studies 
Randomised or quasi-randomised placebo controlled trials (RCT). 

Types of participants 
Preterm infants ≥ 7 days PNA needing mechanical ventilation and/or supplemental 
oxygen.
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Types of interventions 
Trials were included if infants were randomised to treatment with inhalation 
corticosteroid or placebo. The intervention had to be a standardized 
(non-individualized) dosage regimen of inhalation corticosteroids, initiated between 
7 days of life and 36 weeks PMA. Studies investigating inhalation corticosteroids 
compared to or in addition to systemic corticosteroids (dexamethasone, 
hydrocortisone or methylprednisolone) were excluded. 

Types of outcome measures 
To be included in the review, the trials had to report on one or more of the following 
outcome parameters:
l Death at 28 days PNA, 36 weeks PMA and hospital discharge
l BPD (defined by the need for supplemental oxygen) at 28 days PNA and 36 weeks 

PMA
l The combined outcome death or BPD at at 28 days PNA and 36 weeks PMA
l Failure to extubate at day 7 and 14 after initiating therapy and at the latest reported 

timepoint
l Days of mechanical ventilation
l Days of supplemental oxygen
l Days of hospitalization
l The use of systemic corticosteroids
l Sepsis, defined as clinical suspected or culture proven
l Hypertension
l Hyperglycemia
l Gastrointestinal bleeding or perforation (SIP)
l Necrotizing enterocolitis
l Patent ductus arteriosus (PDA)
l Intraventricular hemorrhage (IVH) any grade
l Periventricular leucomalacia (PVL)
l Retinopathy of prematurity (ROP) any grade
l Long-term neurodevelopmental sequelae, assessed after at least 1 year corrected 

gestational age (CGA) and before a CGA of 4 year including cerebral palsy and 
Bayley’s Scales of Infant Development (Mental Development Index, MDI)

l Blindness
l Deafness

Search methods for identification of studies 
We used the following Medical Subject Heading terms and text words:
(steroids or glucocorticoids or flixotide or fluticasone or becotide or beclomethasone or 
pulmicort or budesonide or anti inflammatory agents) and (inhal* or nebulis* or nebuliz* 
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or aerolis* or aeroliz*) and (neonatal chronic lung disease or bronchopulmonary dysplasia 
or neonatal respiratory distress syndrome or chronic lung disease of prematurity or chronic 
lung disease of infancy). 
No search limits were used.

Electronic searches 
Clinical trials were identified by electronic searches of MEDLINE (from 1966 
onwards), EMBASE (from 1974 onwards), CINAHL (from 1982 onwards) and the 
CENTRAL in the Cochrane Library.

Searching other resources 
Reference lists of published trials and review articles, and the abstracts of the 
Pediatric Academic Societies and the European Society for Pediatric Research from 
1990 onwards were hand searched.

Data collection and analysis 
Selection of studies 
The relevant citations found following the database search, were further classified 
into three groups by two reviewers (WO and AvK), namely ‘clearly a RCT’, ‘clearly 
not a RCT’ and ‘possibly a RCT’. Full text review was done on all, except those 
‘clearly not a RCT’. Disagreements were solved by consensus.

Data extraction and management 
In addition to the predefined outcome parameters, the following clinical data 
were extracted independently by two reviewers (WO and AvK) using a preset 
data extraction form: patient characteristics (birth weight, gestational age, gender), 
number of patients randomized, treatment with antenatal glucocorticoids, postnatal 
surfactant. Disagreement was resolved by consensus.
Original investigators of the included RCTs were asked to confirm whether the data 
extraction was accurate, and where necessary, to provide additional (unpublished) 
data.

Assessment of risk of bias in included studies 
The methodological qualities of the included trials were assessed using the standard 
methods of the Cochrane Neonatal Review Group. Trial quality assessment of 
the included trials was performed independently by two reviewers (WO and 
AvK) rating the following: risk for bias by insufficient allocation sequence and 
concealment, blinding of intervention, completeness of follow-up and blinding of 
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outcome measurements. Disagreement was resolved by consensus. If necessary, the 
original investigators were asked to provide additional information.

Measures of treatment effect 
Meta-analysis of the extracted data was performed using the standard methods of 
the Cochrane Neonatal Review Group. The extracted data were processed using the 
Cochrane statistical package, RevMan 5.0.24. Treatment effect estimates for all trials 
were calculated, expressed as typical relative risk (TRR) for dichotomous outcomes, 
and weighted mean difference (WMD) for continuous outcomes, all with a 95% 
confidence interval (CI).

Unit of analysis issues 
This review did not include trials with non-standard designs and no effect measures 
for counts and rates were neccesary. 

Dealing with missing data 
All trials were performed on an intention-to-treat analysis. Original investigators of 
the included RCTs were asked to provide additional (unpublished) data.

Assessment of heterogeneity 
Due to clinical and methodological heterogeneity, subgroup analyses were 
performed as described below. In the absence of statistical heterogeneity (p > 0.05), 
fixed-effects models were used for the meta-analyses, otherwise random effects 
models were used.

Assessment of reporting biases 
Funnel plots were planned to assess possible reporting biases. No language 
restriction was used in the search strategy.

Data synthesis 
Fixed-effect models were used when appropriate.

Subgroup analysis and investigation of heterogeneity 
Data on outcomes of ventilated and non-ventilated patients at trial entry were 
handled as two separate subgroups.

Effects of late (≥ 7 days) inhalation glucocorticoids
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Sensitivity analysis 
Sensitivity analyses were planned to examine the potential influence of treatment 
variation (type and dose of inhalation corticosteroid, duration of treatment and 
delivery system).

Results 
Results of the search 
The search strategy identified 46 relevant manuscipts (27 published in MEDLINE 
and 19 by hand search) (Figure 1). Electronic searches of EMBASE, CINAHL and 
the CENTRAL in the Cochrane library revealed no new relevant manuscripts. The 
abstract of these studies were reviewed independently by the two reviewers for 
inclusion in this meta-analysis. There was consensus between the reviewers.

Included studies 
Eight randomized controlled trials reported in a total of 12 manuscripts met 
the inclusion criteria for this review. Seven trials were available as full-text 
publications12-18 and one as an abstract.19 

Description of separate trials
Arnon 199613: This double-blind trial included 20 preterm infants with a birthweight 
< 2000 gram and a gestational age < 33 weeks, still in need of mechanical ventilation 
at 14 days PNA with a fraction of inspired oxygen (FiO2) ≥ 30%. Patients with PDA, 
sepsis, air leak or congenital malformation were not included. Eligible patients 
were randomly assigned to budesonide 600 μg twice daily or placebo given by 
MDI inserted into small volume spacer for 7 days or until extubation, whichever 
came first. From the reported outcome parameters, only the rate of PDA and sepsis 
rate during the study period could be used for this review. The authors provided 
additional data on extubation rate.
Denjean 199815: This was a double blinded placebo controlled multicenter trial 
conducted in 6 centres in France over a 2 year period. A total of 86 preterm infants 
with gestational age < 31 weeks, respiratory distress syndrome (RDS) and in need of 
mechanical ventilation or nasal ventilation or CPAP at 10 days PNA were included 
in this study. Patients with PDA, sepsis, pulmonary infections, major malformation 
or prior treatment with corticosteroids or bronchodilators were excluded. Although 
this study consisted of four treatment arms, only those patients treated with 
beclomethasone, 250 μg/puff delivered by a MDI (inserted into a small volume 
spacer) four times a day or placebo were included in this review. Therapy was 
started on the 10th or 11th day and given for 28 days with a tapering dose for the last 8 
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days. The primary outcome was BPD, defined as oxygen dependency at 28 days PNA 
in combination with radiographic abnormalities consistent with BPD. However, 
except for the total duration of supplemental oxygen, all outcomes of interest for 
this review were presented for the combined group of ventilated and non-ventilated 
infants and were therefore excluded from the final analysis. The use of intravenous 

216 Potentially relevant citations screened for retrieval
197 Identified by Pubmed Search
19 Identified by search of meeting abstracts and other sources

46 Abstracts retrieved for more detailed evaluation
27 From Pubmed Search

 19 From meeting abstracts and other sources

170 Citations excluded (clearly not relevant)

18 Full-text manuscripts or meeting abstracts 
retrieved for detailed information

6 Manuscripts excluded 
2 Original RCTs initiating therapy < 7 days PNA(48,49)

4 Double publications of excluded trials

12  Manuscripts of original placebo controlled RCTs included in the systematic review
7 Full text manuscripts(12-18)

1 Abstract(19)

4 Double publications of included trials 

28 Reports excluded
9 Not RCT(20-28)

3 Initiation of therapy < 7 days PNA(29-31)

4 Initiation of therapy > 36 weeks PMA(32-35)

4 Inhalation versus systemic steroids(36-39)

1 Both index and placebo arm systemic steroids(40)

1 Systemic steroids followed by inhalation(41)

6 Double publications of excluded trials(42-47)

Figure 1 Flow of inclusion randomized controlled trials in different phases of search.
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corticosteroids was only reported for the ventilated infants. The author provided 
additional data on the randomization process.  
Dugas 200516: This was a double blinded randomised trial of 32 infants with a 
gestational age ≤ 32 weeks, a postnatal age between 28 and 60 days, and a diagnosis 
of BPD, which was defined as a FiO2 ≥ 0.25 to maintain oxygen saturation between 
88 and 92%, a pCO2 ≥ 45 mmHg and chest radiography consistent with BPD. Reasons 
for exclusion were hypertension, hyperglycemia, sepsis, pneumonia, renal failure, 
treatment with corticosteroids 5 days prior to inclusion, a FiO2 ≥ 0.30 in ventilated or 
a FiO2 ≥ 0.40 in non-ventilated infants, and congenital heart disease. The participants 
were treated with placebo or fluticasone propionate 125 μg/puff given by MDI 
inserted into small volume spacer and interposed between an anesthesia bag and the 
tube or a face mask. Infants with a birth weigth between 500 - 1200 grams received 
one puff twice daily for 3 weeks and once daily in the 4th week. The number of puffs 
was double if the infant’s weight was ≥ 1200 grams. The primary outcome was the 
total duration of supplemental oxygen. Other outcomes, such as total duration of 
hospitalization or duration of mechanical ventilation, were only reported for the 
combined group of ventilated and non-ventilated infants and could therefore not 
be used for this review. From the reported outcome parameters, only mortality at 36 
weeks PMA, mortality at hospital discharge, open label intravenous glucocorticoids 
and hyperglycemia during the study period in the ventilated subgroup could be 
used for this review. The original authors did not provide additional data.
Giep 199612: A total of 19 patients were included in this feasibility and safety study 
with a randomized design. Patients were eligible if their birth weigth was between 
500 and 1500 grams, the X-ray showed signs of RDS or BPD, the postnatal age was at 
least 14 days, and they were still mechanically ventilated with a FiO2 > 0.40 and a peak 
inspiratory pressure (PIP) > 14 cm H2O after failing an extubation attempt. Patients 
with PDA, sepsis, congenital heart disease, congenital malformations or previous 
postnatal or concurrent administration of corticosteroids were not included. The 
participating infants were randomized to be treated with beclomethasone (1 mg/
kg/day) or placebo delivered by MDI and Aerochamber. Infants weighing 500 to 
799, 800 to 1000, 1001 to 1300 and above 1300 grams were treated with, respectively, 
three, four, five and six puffs every 8 hours for a total duration of 7 days. The 
reported outcomes failure to extubate, use of systemic corticosteroids, sepsis rate 
and IVH were included in this review. Although data on blood pressure and blood 
glucose were reported on a daily basis, the number of infants with hypertension and 
hyperglycemia were not reported. Attempts to contact the original authors failed. 
Jonsson 200017: In this double-blind placebo controlled study 30 very low birth weight 
infants, either mechanically ventilated or supported by continuous positive airway 
pressure with FiO2 ≥ 0.3, were randomized to budesonide or placebo, delivered by 
an electronic dosimeteric jet nebulizer. Infants with malformations, congenital heart 
disease, IVH grades III-IV, deteriorating ventilator settings or on high frequency 
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ventilation were excluded. Starting on day 7 of life, infants were treated with a 
dose of 500 μg twice a day, for a total duration of 14 days. Reported outcomes of 
interest for this review were use of open label corticosteroids, failure to extubate 
on day 14 in the ventilated subgroup and mortality at hospital discharge and at 36 
weeks PMA. The authors provided data on the outcomes, oxygen requirements at 
28 days of age and at 36 weeks PMA duration of supplemental oxygen, duration of 
mechanical ventilation, failure to extubate and the adverse outcomes hyperglycemia, 
hypertension and sepsis for the ventilated and non-ventilated subgroups, seperately. 
LaForce 199314: This prospective, randomized, paired analysis study included infants 
with a birth weight < 1500 gram and RDS, who were ventilator dependent at 14 
days with X-ray abnormalities indicative for BPD. Patients with a PDA, pneumonia, 
sepsis, congenital heart disease or air leak were not included. Those allocated to the 
intervention group were treated with nebulized beclomethasone dipropionate 50 
μg 3 times a day for 28 days. Medication was delivered via a Whisper Jet nebulizer 
system in the ventilator circuit or a blowby with 8 litre of humidified gas per minute 
in, respectively, ventilated and non-ventilated infants. Reported outcome of interest 
for this review was mortality at hospital discharge.The original authors provided 
data on randomisation and sepsis rates. 
Pappagallo 199818: This single center study included preterm infants with a 
birthweight < 1500 gram, more than 7 days PNA with a high probability of 
developing BPD based on a prediction model or ventilator dependency. This 
study had two phases, with only the second phase having a randomized placebo 
controlled design. Data on the 18 infants included in this second phase were used 
for this review. Infants with sepsis, pulmonary hypoplasia, congenital anomalies or 
heart diseases were excluded. Patients were randomly assigned to dexamethasone 
inhalation 1 mg/kg 8-hourly for 7 days, followed by 0.5 mg/kg for three days or 
placebo using a jet nebulizer. The reported outcomes of interest for this review were 
the use of intravenous corticosteroids, duration of mechanical ventilation, days 
on supplemental oxygen and total duration of hospitalization. The rate of failure 
to extubate was found in a handsearched abstract, reporting on the preliminary 
outcomes of 10 patients. The original authors could not provide additional data.
Pokriefka 199319: In this study, only published in as an abstract, 14 ventilator-
dependent preterm infants with moderate to severe BPD were enrolled and treated 
with flunisolide or placebo for 28 days, followed with a weaning schedule. No 
inclusion or exclusion criteria were described. This RCT including is only avaible 
as an abstract, reporting clinical and respiratory outcomes without dichotomous 
or continuous data. Continuous data on mean number of intubation days were 
reported with neither standard deviations nor standard errors. Therefore these data 
could not be used. The rates of extubation were stated, although not on which day 
after initiating therapy. These data were used in the outcome failure to extubate 
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at the latest reported timepoint. All attempts to contact the original authors were 
failed. 

Desciption of aggregated patient characteristics and intervention 
Five trials12-14,18,19 included only ventilated infants at trial entry, whereas three 
trials15-17included both ventilated and non-ventilated preterm infants. Criteria for 
including participants were comparable between trials, i.e. ventilator and/or oxygen 
dependency at ≥ 7 days PNA. The exclusion criteria were the presence of a persistent 
ductus arteriosus, signs of sepsis, congenital malformations and treatment with 
postnatal corticosteroids prior to inclusion. Most trials started therapy moderately 
early (7-21 days PNA), whereas one study started therapy > 21 days PNA (delayed 
onset).16 The gestational age and birth weight of the included infants was comparable 
between trials.
Three trials did not report on the use of antenatal corticosteroids or postnatal 
surfactant.14,18,19 In the remaining trials the use of antenatal corticosteroids and 
postnatal surfactant varied from 25% to 80% and 69% to 100%, respectively. Within 
the trials, subjects in the treatment and placebo groups were similar with regards 
to clinical characteristics, such as birth weight, gestational age, gender, use of 
antenatal corticosteroids and surfactant, Apgar scores, FiO2 and ventilator settings 
or respiratory support at trial entry.
Interventions differed in every trial with regard to the type of corticosteroid, dosage, 
delivery system and duration of treatment. The corticosteroids used included 
beclomethasone, flunisolide, budesonide and dexamethasone. Delivery systems 
included MDI with a spacer device and nebulisation. Total duration of study 
medication ranged from 7 - 28 days.

Description of aggregated outcome parameters 
Table 2 summarizes the aggregated outcomes. Three trials14,16,17 reported or provided 
data on mortality in the ventilated infants at the different points in hospitalization 
(mortality at 28 days PNA, 36 weeks PMA and at hospital discharge), whereas 
Jonsson provided us with additional data on non-ventilated infants. 
None of the manuscripts reported the incidence of BPD at 28 days PNA or 36 weeks 
PMA for the ventilated and non-ventilated infants separately, however by personal 
communication these data was obtained for the study of Jonsson.17 
Failure to extubate 7 days after initiating therapy was reported by 5 trials12,13,16-18, 
whereas Pokriefka reported failure to extubate at an unknown date.19 Three trials 
reported on the duration of mechanical ventilation for the subgroup of ventilated 
infants at trial entry.16-18 Four trials reported data on the total days of supplemental 
oxygen in the subgroup of ventilated infants15-18 and two in the subgroup of 

108

Chapter 6

proefschrift  onland.indb   108 15-9-2011   09:51:44



non-ventilated infants.15,17 Total days of hospitalization in the intervention and 
placebo arm were reported by Pappagallo.18 
Five trials reported the incidence of open label corticosteroids use outside the study 
protocol in both arms.12,15-18 Four studies reported or provided additional data on the 
outcome sepsis.12-14,17 Four studies also reported or provided additional data on one 
of the following outcomes in both arms: persistent ductus arteriosus, hypertension, 
necrotising enterocolitis and intraventricular hemorrhage.12-14,17

In three studies, no increase in adverse side effects such as impaired glucose 
homeostasis and hypertension was reported, but the actual data were not provided 
in the manuscripts.12,13,19

None of the included trials reported on gastrointestinal bleeding or perforation, 
periventricular leucomalacia, retinopathy of prematurity and long term 
neurodevelopmental sequelae. None of the original authors were able to provide 
data on these outcomes.

Excluded studies 
Twenty-eight trials (16 full-text publications and 12 abstracts) were excluded 
for the following reasons (Figure 1): non-randomised design or without placebo 
(N=920-28), initiation of therapy before 7 days PNA or after 36 weeks PMA (N=729-

35), administration of systemic steroids as co-intervention (N=636-41) and double 
publications of excluded trials (N=642-47).
Two trials met the inclusion criteria of this review, but all attempts to contact the 
original trialist requesting for subgroup data failed and therefore these trials were 
excluded.48,49

Risk of bias in included studies 
All of the included trials were randomised, double-blinded with placebo controls. 
Five studies provided additional methodological information.12-15,17 The quality of 
the trials ranged from moderate to high, with some trials failing to provide sufficient 
details on the randomization process, method of blinding and the management of 
withdrawals. 

Risk of bias in individual studies
Arnon 199613: Method of randomisation was not mentioned in the manuscript. 
Personal communication revealed that randomisation was performed by the 
pharmacy. Code and drugs were kept until the end of the trial and released from the 
hospital pharmacy in sealed envelopes. Blinding was established by using identical 
MDIs for corticosteroids and placebo adminstration. Ten patients were withdrawn 
and did not complete the study: 5 because of sepsis (3 placebo, 2 treatment group), 
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4 because of PDA (2 in each group) and 1 because of an air leak (treatment group). 
These infants were excluded from the analysis in the original manuscript, but were 
included in this review. It was unclear whether the study was free of selective 
reporting.
Denjean 199815: The method of allocation concealment or randomization process 
were not mentioned in the manuscript, however accuracy was confirmed by 
personal communication. Randomization by pre-established tables was stratified by 
center, gestational age and type of ventilator support. Method of blinding was not 
clearly stated in the manuscript, but again ensured by personal communication to 
be genuine. Due to severe clinical deterioration, for 3 patients the code was broken. 
Furthermore, it was stated that of the 178 infants randomised, informed consent was 
either not obtained or withdrawn for 5 patients for unclear reasons. It was unclear 
whether the study was free of selective reporting.
Dugas 200516: Method of concealment was not mentioned in the manuscripts. 
Infants were assigned to treatment or placebo arm by block randomization with 
stratification of intubated and extubated infants separately. Blinding was ensured 
by identical MDIs supplied by the drug manufacturer. Pharmacist in charge of 
the medication, the treating physician and the investigators were unaware of 
treatment allocation. Three infants in the placebo group did not complete the study 
protocol (two because of clinical pulmonary deterioriation and one because central 
line sepsis). All participants were analyzed on an intention-to-treat basis. Mean 
supplemental oxygen at study enrolment differed between treatment and placebo 
arm, being significantly lower in the treatment group. The predefined outomes were 
reported accurately.
Giep 199612: Methods of allocation concealment or randomisation of the participants 
were not described in the manuscript. Observers were blinded to treatment 
allocation, however the method ensuring this was not reported. Three infants in 
the placebo group and two in the treatment group received systemic corticosteroids 
after study entry and continuous data which were not of interest for this review 
were excluded from analysis thereafter. 
Jonsson 200017: Randomization was computer generated, and sealed envelopes 
were consecutively numbered. Clinical staff was blinded to group assignment 
and the code was broken after the last patient finished the treatment. Blinding of 
the intervention was ensured by supplying the study drug in identical opaque, 
unmarked plastic vials. Outcome assessments were also blinded. Two patients 
were withdrawn by attending clinician due to deteroriation and recieved systemic 
corticosteroids and one died on 9th day of life. Outcomes for all enrolled infants 
were provided. The predefined outomes were reported accurately.
LaForce 199314: The attending neonatologist was unaware of the treatment regimen. 
However, the used method of allocation concealment or blinding was unclear. Nine 
patients were withdrawn from analysis due to technical problems with equipment (2 

110

Chapter 6

proefschrift  onland.indb   110 15-9-2011   09:51:44



in each group), lost to referring hospital (2 in each group) and one because of sudden 
death before start of study (in treatment group). These patients were not included 
in the analyses of the original manuscript, but were used for the dichotomous 
outcomes during the study period in this review. It was unclear whether the study 
was free of selective reporting.
Pappagello 199818: The manuscript revealed no information regarding the method 
of sequence generation, allocation concealment or randomization. Clinical staff was 
unaware of intervention since the vials were prepared by the pharmacist labelled 
with a code and both study and placebo medications were clear solutions and dosage 
was calculated on basis of volume. Outcomes were given for all infants enrolled.
Pokriefka 199319: The authors in the abstract state that this was a double-blind 
randomized trial but in its brevity no information was available regarding the 
method of randomization, blinding of intervention or outcome assessments. 
Outcomes for all enrolled infants were provided. 

Summarized risk of bias
Allocation  
Allocation concealment was blinded in 5 trials13-17 and unclear in the remaining 
trials. Adequate sequence generation, however, was only clear in 2 trials.15,17 

Blinding 
Based on the reported data and/or personal communications, all studies were 
judged as having a double blind design. The double blind design was not clearly 
stated in the abstract of Pokriefka.19

Incomplete outcome data 
Five trials12,16-19 reported the outcomes of all included participants, whereas in 
2 trials13,15 participants were not included for not obtaining informed consent or 
excluded for the outcomes and in 1 trial it was unclear.14

Selective reporting 
Five trials reported the predefined outcome data completely. In three trials, it was 
unclear whether all predefined outcome data were reported.13-15

Other potential sources of bias 
With the exception of three trials12,13,17 other potential sources of bias could not be 
excluded based on the available information.
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Table 1. Data and analyses 

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate
1 Mortality 
1.1 Outcome at 28 days PNA 2 43 RR (M-H, Fixed, 95% CI) 3.00 [0.14, 65.90]

1.1.1 Ventilated infants 2 33 RR (M-H, Fixed, 95% CI) 3.00 [0.14, 65.90]
1.1.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

1.2 Outcome at 36 weeks PMA 3 53 RR (M-H, Fixed, 95% CI) 3.00 [0.35, 25.78]
1.2.1 Ventilated infants 3 43 RR (M-H, Fixed, 95% CI) 3.00 [0.35, 25.78]
1.2.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

1.3 Outcome at hospital discharge 3 53 RR (M-H, Fixed, 95% CI) 3.00 [0.35, 25.78]
1.3.1 Ventilated infants 3 43 RR (M-H, Fixed, 95% CI) 3.00 [0.35, 25.78]
1.3.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

2 Bronchopulmonary dysplasia
2.1 Outcome at 28 days PNA 1 30 RR (M-H, Fixed, 95% CI) 0.93 [0.72, 1.21]

2.1.1 Ventilated infants 1 20 RR (M-H, Fixed, 95% CI) 0.89 [0.61, 1.29]
2.1.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) 1.00 [0.71, 1.41]

2.2 Outcome at 36 weeks PMA 1 30 RR (M-H, Fixed, 95% CI) 1.00 [0.59, 1.70]
2.2.1 Ventilated infants 1 20 RR (M-H, Fixed, 95% CI) 1.14 [0.69, 1.90]
2.2.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) 0.50 [0.06, 3.91]

3 Combined outcome mortality or bronchopulmonary dysplasia
3.1 Outcome at 28 days PNA 1 30 RR (M-H, Fixed, 95% CI) 1.00 [0.85, 1.18]

3.1.1 Ventilated infants 1 20 RR (M-H, Fixed, 95% CI) 1.00 [0.83, 1.20]
3.1.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) 1.00 [0.71, 1.41]

3.2 Outcome at 36 weeks PMA 1 30 RR (M-H, Fixed, 95% CI) 1.10 [0.74, 1.63]
3.2.1 Ventilated infants 1 20 RR (M-H, Fixed, 95% CI) 1.24 [0.87, 1.75]
3.2.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) 0.50 [0.06, 3.91]

4 Other respiratory outcomes
4.1 Failure to extubate day 7 5 79 RR (M-H, Random, 95% CI) 0.85 [0.62, 1.18]
4.2 Failure to extubate day 14 2 27 RR (M-H, Fixed, 95% CI) 0.36 [0.10, 1.33]
4.3 Failure to extubate at the latest reported timepoint 5 80 RR (M-H, Random, 95% CI) 0.47 [0.16, 1.42]

4.4 Days of mechanical ventilation 3 45 MD (IV, Random, 95% CI) 2.79 [-3.47, 9.06]
4.5 Days of supplemental oxygen 4 141 MD (IV, Fixed, 95% CI) 0.57 [-5.92, 7.07]

4.5.1 Ventilated infants 4 100 MD (IV, Fixed, 95% CI) 5.53 [-3.99, 15.05]
4.5.2 Non-ventilated infants 2 41 MD (IV, Fixed, 95% CI) -3.74 [-12.63, 5.14]

5 Adverse effects during hospitalization
5.1 Open label intravenous corticosteroids 4 74 RR (M-H, Fixed, 95% CI) 0.51 [0.26, 1.00]

5.1.1 Ventilated infants 4 64 RR (M-H, Fixed, 95% CI) 0.51 [0.26, 1.00]
5.1.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

5.2 Sepsis 5 99 RR (M-H, Fixed, 95% CI) 0.92 [0.51, 1.63]
5.2.1 Ventilated infants 5 89 RR (M-H, Fixed, 95% CI) 0.89 [0.45, 1.76]
5.2.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) 1.00 [0.36, 2.75]

5.3 Persistent ductus arteriosus 1 30 RR (M-H, Fixed, 95% CI) 1.00 [0.16, 6.20]
5.3.1 Ventilated infants 1 30 RR (M-H, Fixed, 95% CI) 1.00 [0.16, 6.20]

5.4 Hypertension (> 2SD) 1 27 RR (M-H, Fixed, 95% CI) Not estimable
5.4.1 Ventilated infants 1 17 RR (M-H, Fixed, 95% CI) Not estimable
5.4.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

5.5 Necrotising enterocolitis 1 27 RR (M-H, Fixed, 95% CI) Not estimable
5.5.1 Ventilated infants 1 17 RR (M-H, Fixed, 95% CI) Not estimable
5.5.2 Non-ventilated infants 1 10 RR (M-H, Fixed, 95% CI) Not estimable

5.6 Intraventricular hemorrhage (any grade) 1 19 RR (M-H, Fixed, 95% CI) 0.60 [0.13, 2.82]
5.6.1 Ventilated infants 1 19 RR (M-H, Fixed, 95% CI) 0.60 [0.13, 2.82]

5.7 Days of hospitalization 1 18 MD (IV, Fixed, 95% CI) -24.70 [-41.75, -7.65]
5.7.1 Ventilated infants 1 18 MD (IV, Fixed, 95% CI) -24.70 [-41.75, -7.65]
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Effects of interventions 
Mortality or BPD:
Meta-analysis of separate or combined outcomes mortality and BPD at 28 days PNA 
or 36 weeks PMA did not show a significant difference between the treatment and 
placebo arm in either the ventilated or non-ventilated subgroup (see table 1; typical 
risk ratio (TRR) 0.93 (95% confidence interval (CI): 0.72, 1.21) and 1.00 (95% CI: 0.59, 
1.70), respectively).

Other respiratory outcomes: 
Due to statistical significant clinical heterogeneity, data on failure to extubate were 
analyzed using a random effects model (Figure 2). The overall typical risk ratio (TRR) 
of failure to extubate at 7 days (5 studies), 14 days (2 studies) and latest reported 
timepoint (1 study) after treatment onset was, respectively, 0.85 (95% CI: 0.61, 1.18), 
0.36 (95% CI: 0.10, 1.33) and 0.57 (95% CI: 0.27, 1.20).

Study
Arnon 1996
Dugas 2005
Giep 1996
Jonsson 2000
Pappagallo 1998

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.08; Chi² = 14.73, df = 4 (P = 0.005); I² = 73%
Test for overall effect: Z = 0.95 (P = 0.34)

Events
9
4
4

10
2

29

Total
9
5

10
10
5

39

Events
11
4
8

10
5

38

Total
11
5
9

10
5

40

Weight
32.3%
15.5%
11.4%
32.4%
8.4%

100.0%

M-H, Random, 95% CI

1.00 [0.83, 1.20]
1.00 [0.54, 1.86]
0.45 [0.20, 0.99]
1.00 [0.83, 1.20]
0.45 [0.17, 1.21]

0.85 [0.62, 1.18]

Treatment Placebo Risk Ratio

0.5 0.7 1 1.5 2
Favours treatment Favours placebo

The meta-analysis of the outcome duration of mechanical ventilation in the 
ventilated infants showed no significant statistical difference between the treatment 
arms. In both subgroups (ventilated and non-ventilated participants) meta-analysis 
showed no significant difference between the treatment and placebo arm regarding 
duration of supplemental oxygen for the ventilated: (WMD 5.53 (95% CI: -3.99, 15.05) 
and non-ventilated infants (-3.74 (95% CI: -12.63, 5.14).

Adverse effects during hospitalization:
Meta-analyis showed that open label intravenous corticosteroids were less often 
used in ventilated infants treated with inhaled corticosteroids, but this difference 
only approached statistical significance (Figure 3). Only one trial reported on the 
use of open label intravenous corticosteroids in non-ventilated infants showing that 
this intervention was not used in any of the included infants.17

Effects of late (≥ 7 days) inhalation glucocorticoids

113

proefschrift  onland.indb   113 15-9-2011   09:51:45



Five trials reported either suspected or documented sepsis rates and the 
meta-analysis of these results failed to show a significant difference between the 
inhaled corticosteroids and placebo group (TRR 0.98 (95% CI: 0.54, 1.76).12-14,16,17 
Subgroup analysis did not change this finding. 
We were unable to perform meta-analysis on the outcomes persistent ductus 
arteriosus, hypertension, necrotising enterocolitis, intraventricular hemorrhage and 
total days of hospitalization because these outcomes were only reported in single 
trials. None of these trials reported a significant difference in these outcomes, except 
for total days of hospitalization. Pappagello showed a significant decrease in the 
total days of hospitalization in favour of the inhaled corticosteroids group (WMD 
-24.70 (95%CI: -41.75, -7.65).18 

Discussion 
Summary of main results 
Based on the predefined inclusion criteria, this systematic review identified eight, 
relatively small, randomized controlled trials comparing inhalation corticosteroids 
to placebo in a total of 232 ventilated and non-ventilated preterm infants. These trials 

Study or Subgroup
1.14.1 Ventilated infants
Dugas 2005
Giep 1996
Jonsson 2000
Pappagallo 1998
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 1.35, df = 3 (P = 0.72); I² = 0%
Test for overall effect: Z = 1.96 (P = 0.05)

1.14.2 Non-ventilated infants
Jonsson 2000
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.35, df = 3 (P = 0.72); I² = 0%
Test for overall effect: Z = 1.96 (P = 0.05)
Test for subgroup differences: Not applicable

Events

0
4
2
2

8

0

0

8

Total

5
10
8
9

32

5
5

37

Events

3
5
4
4

16

0

0

16

Total

5
9
9
9

32

5
5

37

Weight

21.2%
31.8%
22.8%
24.2%

100.0%

100.0%

M-H, Fixed, 95% CI

0.14 [0.01, 2.21]
0.72 [0.28, 1.88]
0.56 [0.14, 2.29]
0.50 [0.12, 2.08]
0.51 [0.26, 1.00]

Not estimable

0.51 [0.26, 1.00]

Treatment Placebo Risk Ratio

0.1 0.2 0.5 1 2 5 10
Favours treatment Favours placebo
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differed considerably in the patient characteristics, the intervention (medication, 
dose, duration, and delivery), the reported outcomes and the definitions of these 
outcomes. This heterogeneity and the small number of randomized patients should 
be taken into account when interpreting the results of this review.
As the aim was to examine effects to prevent BPD, the end-point of inclusion was 
chosen to exclude those trials investigating inhaled glucocorticoids in preterms 
with established BPD after 36 weeks PMA. It is – to our knowledge – unknown how 
much time before the end point inhaled glucocorticoids will be effective. One could 
argue for 2 weeks before, 4 weeks before, it is not really clear. There needs to be an 
exposure for some time to reduce inflammation.The only trial which could have 
theoretically included patients around the corrected gestation of 36 weeks PMA 
could not provide us data on the primary outcome BPD at 36 weeks PMA.16 All 
other trials treated for at an average of 8 weeks (i.e. 36 weeks - GA at inclusion, on 
average). Therefore, we feel that the inclusion criteria are fulfilling for the purpose 
of this review.

Meta-analysis of reported and provided data showed that inhalation corticosteroids 
do not improve the separate or combined outcomes mortality or BPD at any 
timepoint during hospitalization. In addition, there were no significant differences 
in the short term respiratory outcomes such as failure to extubate at 7, 14 days or 
at the latest reported time point, the total days of mechanical ventilation or days 
of supplemental oxygen. This despite the fact that several studies reported that 
inhalation corticosteroids improved resistance and compliance of the respiratory 
system, sometimes resulting in a reduction in FiO2 or respiratory rate. However, 
the heterogeneity in how lung function was measured and the data were reported, 
prevented a valid meta-analysis of these outcomes.12-14,18,19 
Our meta-analysis did show a trend to a reduced use of systemic corticosteroids for 
the reduction of BPD in the inhaled corticosteroids group. In light of the growing 
concerns on the adverse effects of systemic corticosteroids, this might prove to be 
an important and clinically relevant finding. However, the lack of data on short and 
long-term adverse effects in most trials precludes firm conclusions at this point in 
time. 

Overall completeness and applicability of evidence 
The overall completeness and applicability of this review is low for several reasons. 
First, few trials were of randomised, placebo-controlled design and therefore 
eligible for inclusion. The numbers of participants within each of these included 
trials were small, which limits their power to detect small but clinically important 
effects of treatment. Second, most placebo-controlled trials investigating inhalation 
corticosteroids differed considerably in terms of patient characteristics and study 
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design, including differences in type of inhalation medication, dose, duration of 
therapy, and delivery systems. It is unknown if and how these factors modify the 
treatment effect of inhalation corticosteroids on the outcome parameters reported 
in this review since no sensitivity analysis could be done to assess the potential 
impact of different drugs, dosages, delivery systems and treatment duration on 
the magnitude of expected benefit. Third, not all trials reported the primary and 
secondary outcome parameters. Various definitions were used, and outcomes were 
assessed at different points in time. Our extended attempts to retrieve unpublished 
data did not change this shortcoming.

Quality of the evidence 
Three out of the 8 included studies did not report allocation concealment and the 
majority did not report adequancy of allocation sequence. However, all but one trial 
reported adequate blinding of intervention, therefore the quality of these RCTs was 
judged as moderate to high.

Potential biases in the review process 
Due to the lack of possible aggregation data reported in the eligible trials no 
funnelplots could be performed. Therefore, the potential risk of publication bias 
cannot be excluded.

Authors’ conclusions 

Implications for practice 
Inhalation corticosteroids administered after the first week of life to preterm infants 
do not improve the separate or combined outcomes mortality or BPD at any timepoint 
during hospitalization. Although there are indication that inhalation corticosteroids 
improve lung function, this does not seem to impact short-term respiratory outcomes 
such as failure to extubate or the duration of mechanical ventilation. Inhalation 
corticosteroids may reduce the use of systemic corticosteroids but the clinical 
relevance of this treatment effect is unclear as short and long term adverse effects 
of inhalation corticosteroids are underreported. The results of this meta-analysis 
are compromised by the fact that most trials are underpowered and they are 
heterogeneous in design. Based on these results the use of inhalation corticosteroids 
initiated at ≥ 7 days of life for preterm infants at high risk of developing BPD cannot 
be recommended at this point in time. 
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Implications for research 
Studie are needed to determine the optimal inhaled corticosteroids drug, dose, 
duration and device, using short term markers of lung function and inflammation. 
The optimal treatment regimen should be tested in a randomized placebo-controlled 
trial, including a large number of preterm infants at high risk of developing BPD. 
The trial design should avoid bias by using adequate allocation concealment and a 
double-blinded intervention and outcome asessment. Outcomes should be reported 
using predefined modern definitions and timing, using accepted diagnostic tests 
for these outcomes. Data on the following primary outcome parameters should be 
collected: BPD at 36 weeks’ PMA, mortality at 36 weeks’ PMA and at discharge, 
and a complete assessment of major neurosensory impairment using predefined 
definitions. Short-term benefits (ie, time of extubation, duration of ventilation) and 
adverse effects (ie, hypertension, infection, hyperglycemia, and the use of open label 
intravenous corticosteroids) can be reported as secondary outcomes. 
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Abstract
Background: Randomised controlled trials have shown that treatment of chronically 
ventilated preterm infants after the first week of life with dexamethasone reduces 
the incidence of the combined outcome death or bronchopulmonary dysplasia 
(BPD). However, there are concerns that its use may increase the risk of adverse 
neurodevelopmental outcome. Hydrocortisone has been suggested as an alternative 
therapy. So far no randomised controlled trial has investigated its efficacy when 
administered after the first week of life to ventilated preterm infants.
Methods/Design: The proposed trial is a randomised double blind placebo controlled 
multicenter study in very low birth weight infants (gestational age <30 weeks and/
or birth weight <1250grams), who are ventilator dependent at a postnatal age of 7 
– 14 days and are suspected with a diagnosis of developing BPD. Hydrocortisone 
(cumulative dose 72.5 mg/kg) or placebo will be administered during a 22 day 
tapering schedule. Primary outcome measure is survival free of BPD at 36 weeks 
postmenstrual age. Secondary outcomes are short term effects on the pulmonary 
condition, adverse effects during hospitalization, and long-term neurodevelopmental 
sequelae assessed at 2 years corrected gestational age. We expect an inclusion of 
400 patients (200 per group) to be feasible in an inclusion period of three years. 
An absolute risk reduction for the outcome death or BPD of 15% or more (number 
needed to treat=7) is considered clinically relevant. With an estimated a priori risk 
for death or BPD at 36 weeks postmenstrual age in preterm infants less than 30 
weeks gestation and ventilated in the second week of life of 60%, a type I error of 5% 
(2 tailed) this trial has a power of 80% to detect an absolute risk reduction of 15% for 
this outcome in the treated group. Analysis will be by intention to treat.
Discussion: This trial will determine the role of postnatal hydrocortisone 
administration at a moderately early onset for the reduction of the combined 
outcome death or BPD in ventilator dependent preterm infants and its possible 
adverse effects.
Trial registration number: Clinical trials, protocol registration system: registered in 
DTR nr 2010/x; AMC MEC 10/297
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Background
Bronchopulmonary dysplasia (BPD) is the most common complication of premature 
birth, with a reported incidence of 8% to 35%.[1,2] BPD is characterized by chronic 
respiratory distress, the need for prolonged respiratory support, an increased risk 
of recurrent pulmonary infections, airway hyperreactivity during the first years 
of life[3] and life-long alterations in lung function.[4-6] Patients with established 
BPD have high rates of readmissions and utilization of health services resulting in 
tremendous societal costs compared to children without BPD.[7-9] Furthermore, BPD 
is considered an important risk factor for adverse neurodevelopmental outcome 
after premature birth.[10-14]

In addition to direct mechanical injury, caused by artificial ventilation and oxygen 
toxicity, pulmonary inflammation has been identified as an important mediator in 
the development of BPD.[15-17] This is the rationale for treating these patients with 
glucocorticoids, a well known anti-inflammatory agent. Randomised controlled 
trials (RCTs) summarized in several systematic reviews have shown that postnatal 
systemic glucocorticoids, mainly dexamethasone, reduce the risk of the combined 
outcome death or BPD in ventilated preterm infants.[18,19] Furthermore, systemic 
glucocorticoids seem to be most effective when administered in a time frame of 7 to 
14 days postnatal age, the so-called moderately early treatment onset.[20,21] However, 
initiating dexamethasone treatment in the first days of life seems to be associated 
with an increased the risk of cerebral palsy (CP). Although this complication has not 
been reported by RCTs investigating dexamethasone treatment initiated after the 
first week of life, these alarming reports have resulted in a general concern on the 
use of dexamethasone in preterm infants.[22-24] Based on this concern, the American 
Academy of Pediatrics, Canadian Paediatric Society, and the European Association 
of Perinatal Medicine have stated that clinical trials should be performed to 
investigate the use of alternative anti-inflammatory glucocorticoids, such as the less 
potent glucocorticoid hydrocortisone.[25,26] 

Animal data suggest that hydrocortisone has a less detrimental effect on the brain 
than dexamethasone.[27] No placebo controlled RCT has investigated the use of 
hydrocortisone after the first week in life in ventilator dependent preterm infants.
[28] Eight RCTs including 880 infants investigated a low hydrocortisone dose started 
within < 72 hours after birth (early treatment). Meta-analysis of these trials failed 
to show a clear reduction in the incidence of BPD or harmful effects.[29] Only one 
of these trials reported long-term follow-up, showing no differences in adverse 
neurodevelopmental sequelae.[30] These findings are supported by several historical 
cohort studies, showing no increased risk of adverse neurodevelopmental outcome 
in hydrocortisone treated infants.[31-33] 

Study protocol: the SToP-BPD study
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In most NICUs preterm infants who are ventilator-dependent in the second week of 
life are no longer treated with glucocorticoids.[34,35] Infants are kept on the ventilator 
allowing spontaneous recovery of lung function over time, sometimes supported by 
other interventions, such as diuretics and inhalation therapy. With this approach, 
some infants can be successfully weaned and extubated. Only those infants that 
remain ventilator dependent after 3-4 weeks are treated with glucocorticoids, with 
the primary objective to wean and extubate.
Although this approach will undoubtedly result in successful extubation of most 
infants with the lowest possible use of glucocorticoids, the questions remains if 
this is also the best strategy in reducing the incidence of BPD  in preterm infants 
ventilated after 7 days of life. [36,37]

This question seems justified and relevant because BPD, and not failure to extubate, 
is associated with adverse medium- and long-term outcome. This is the main reason 
why the primary outcome of this study is death or BPD and not failure to extubate.
Studies using dexamethasone have shown that glucocorticoids significantly reduce 
the incidence of death or BPD at 36 weeks PMA and that treatment is most effective 
when started in the second week of life.

Despite the ongoing concerns on their use, systemic glucocorticoids are still used 
in approximately 10% of the preterm infants at risk for BPD.[34,35,37] Dexamethasone 
is still the most widely used glucocorticoid drug, but its dose has been significantly 
reduced and administration is often postponed until the 3rd or 4th week of life.[22] As 
an alternative, many clinicians have started to use hydrocortisone, despite the fact 
that its efficacy in preterm infants remains to be proven.

The NICU at the University Medical Center Utrecht has historically used 
hydrocortisone for chronically ventilated preterm infants. Retrospective studies 
seem to indicate that hydrocortisone is effective in reducing BPD, without causing 
serious adverse effects. However, these findings need to be confirmed or refuted 
by a large randomized placebo controlled trial. Despite the absence of randomized 
evidence, four out of the 10 Dutch NICUs switched from dexamethasone to 
hydrocortisone. This diversity in treatment between NICUs is undesirable and as 
a first step to resolve this diversity in treatment, all 10 Dutch NICUs have indicated 
that a RCT comparing hydrocortisone with placebo is urgently needed. Since 
the NICUs which already use hydrocortisone are reluctant or refuse to prescribe 
dexamethasone as trial medication, a RCT comparing dexamethasone versus 
hydrocortisone is not possible. 
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Methods/Design
Study aims, design and setting 
This will be a multicenter double-blind placebo-controlled randomized study to 
investigate if hydrocortisone is safe and effective in reducing the incidence of the 
combined outcome death or BPD at 36 weeks PMA in chronically ventilated preterm 
infants, as compared to placebo. This study does not aim to successfully extubate 
ventilator-dependent preterm infants with the lowest possible use of glucocorticoids 
(i.e. hydrocortisone), but to use glucocorticoids as an early intervention (7-14 d after 
birth) to reduce the risk of death or BPD in these ventilator-dependent preterm 
infants. From this point of view the treatment strategy is fundamentally different 
from what is currently used in daily clinical practice.
All 10 NICUs in the Netherlands and 5 NICUs in Belgium will be recruiting patients 
into the SToP-BPD trial. 

Inclusion criteria 
Preterm infants with a gestational age < 30 weeks and/or birth weight < 1250 grams 
with evolving BPD, defined as being ventilator dependent at 7-14 days PNA with a 
respiratory index (MAwP x FiO2) of ≥  3.5. This index should be present for more than 
12 hours per day for at least 48 hours and must ensure normal oxygen saturation 
(86-94%) and pCO2 values in premature infants (5.0-7.0 kPa). 

Exclusion criteria 
Infants with chromosomal defects (e.g. trisomy 13, 18, 21) or major congenital 
malformations that are expected to compromise lung function (e.g. surfactant protein 
deficiencies, congenital diaphragmatic hernia) or result in chronic ventilation (e.g. 
Pierre Robin sequence), or increase the risk of death or adverse neurodevelopmental 
outcome (congenital cerebral malformations) will be excluded. 

Although (suspected or proven) sepsis, pneumonia, necrotizing enterocolitis (NEC) 
and patent ductus arteriosus (PDA) are well-known causes of respiratory failure, 
these diagnoses are know to be independent risk factors for developing BPD. 
Therefore, these diagnoses are not considered to be exclusion criteria. The following 
should be taken into consideration: 
In ventilator-dependent cases of sepsis and pneumonia the attending physician may 
start antibiotics and await the effect on respiratory drive/ pulmonary status for 48 
hours. If the patient meets the inclusion criteria after 48 hour, he/she is eligible for 
inclusion.
It is strongly recommended to screen all ventilator-dependent preterm infants for a 
PDA at 5 days PNA. In case of a hemodynamic important PDA, medical intervention 
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according to local protocols should be started as soon as possible. Ibuprofen or 
indomethacin treatment should not be combined with glucocorticoids, because it has 
been suggested that this combination will increase the risk of intestinal perforation. 
If, subsequently, the patient can’t be extubated following medical treatment or 
requires surgical PDA closure, he/she should be included in the study - provided 
that all inclusion criteria are met. 
If the physician considers extubation not an option because of the general condition 
of the infant (e.g. NEC with severe hemodynamic instability and severe abdominal 
distension) inclusion in the study can be postponed until the maximum of 14 days 
PNA.

Consent
Informed written consent will be obtained from the parents or care-givers after 
a full verbal and written explanation prior to randomisation for the study. The 
attending paediatrician will meet with parents during the intervention period to 
ensure that they understand the study procedures and continue with their consent 
to participate in the study. The right of a parent or patient to refuse participation 
without giving reasons will be respected. The parents will remain free to withdraw 
their child at any time from the study without consequences for further treatment.
Approval for the study has been obtained from the Amsterdam Medical Research 
Ethics Committee and the Local Research Ethics Committee of each participating 
hospital.

Randomisation
In case of ventilator dependency after day 7 of life with a suspected diagnosis of 
developing BPD, parents receive the study information as soon as possible allowing 
them sufficient time to consider participation. The actual decision to include the 
patient in the trial should be made between day 7 and 14 PNA. The first dose of 
study medication should be administered within 24 hours after randomization. 
Randomization will be centrally controlled and web-based using a computer 
program designed for this study. This trial will be protected from selection bias by 
using concealed, stratified and blocked randomisation. 
Randomisation will be stratified per center and according to gestational age stratum 
(Stratum A: 24-26 weeks; Stratum B: 26-28 weeks; Stratum C: >28 weeks), in order to 
achieve an equal distribution in both treatment arms. The allocation ratio will be 1:1 
with block randomisation using variable block sizes. Multiple birth infants will be 
randomised independently, unless the parents or caretakers explicitly demand that 
the siblings should be treated according to the same treatment arm. An automated 
mechanism to perform twin randomisation is in place. The infants’ parents and all 
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members of the medical team, including investigators, remain blinded to group 
assignment throughout the study.

Clinical management
All randomized patients will be treated according to the guidelines of the individual 
NICUs. All participating NICUs explore treatable causes of ventilator dependency 
during the first week of life, such as patent ductus arteriosus, sepsis and pneumonia 
as much as possible and to treat these according to the department protocol. 
Although all of these conditions can be an alternative cause of respiratory failure, 
they are known risk factors for developing BPD and therefore are not considered 
exclusion criteria. This trial will monitor the important co-interventions and 
conditions

Preparation of the trial medication
The local pharmacy is in charge of preparing the hydrocortisone and placebo 
and will distribute the medication in unlabelled syringes of 2 ml, tagged with the 
patients’ trial identification number of the hospital and its name. The infants of the 
hydrocortisone group receive hemisuccinate hydrocortisone 5mg/kg/day Q.I.D for 
7 days, followed by 3.75 mg/kg/day T.I.D. for 5 days, subsequently lowering the 
frequency by one dose every 5 day. This leads to a total duration of therapy of 22 
days and a cumulative dose of 72.5 mg/kg hydrocortisone. The infants in the control 
group receive saline placebo for the entire 22-day period in the same frequency 
as the hydrocortisone group. Both saline and hydrocortisone schedules will be 
calculated according to weight on the day of randomisation and not adjusted to the 
actual weight during the tapering schedule. The preferred route of administration 
will be intravenous. However, if the participating infant lacks intravenous access 
the study medication will be administrated enterally.

Discontinuing study medication
In case of life threatening deterioration of the pulmonary condition, indicated 
by a respiratory index (MAwP x FiO2) >10 for more than 6 consecutive hours, the 
attending physician may decide to start open label hydrocortisone therapy in an 
attempt to improve the pulmonary condition. A second possible scenario for 
discontinuing the study medication will be in case if the pulmonary condition of 
the patient is stable (RI < 10) but not improving over time. In these circumstances 
open label hydrocortisone may be considered if the following conditions are met:
extubation was attempted (extubation trial) within 24 hours before considering open 
label treatment and this attempt failed.
The patient is on study medication for at least 10 days.

Study protocol: the SToP-BPD study
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The open label therapy dosage schedule is similar to that used in the study. At that 
point in time the study medication is stopped and the patient will be recorded as 
“treatment failure”. In case of treatment failure the following data will be collected: 
timing of treatment failure, ventilator support and settings, type of open label 
medication, starting date, cumulative dose and duration of rescue therapy. The 
patients will be followed as all other patients until the clinical endpoints occur or 
until end of follow up.

Open label glucocorticoids after study medication protocol
Patients still on mechanical ventilation after completion of the study medication, i.e. 
day 22, may be treated with open label hydrocortisone. In such cases the physician 
should first attempt extubation before considering open label use. Considering the 
fact that this study investigates the efficacy of hydrocortisone, using a treatment 
regimen similar to the study is highly recommended. Data on the starting date, 
cumulative dose and duration of rescue therapy are collected. 

Outcomes
Primary outcome
The primary outcome will be the dichotomous variable BPD free survival at 36 weeks 
PMA. BPD at 36 weeks PMA will be assessed according to the NIHCHD Consensus 
Statement defining normal oxygen saturation as 86%-94%. The severity of the BPD 
will be assessed as proposed by Jobe et.al.[17], since the severity of BPD has a high 
association with neurodevelopmental sequelae.[12] In case of supplemental oxygen 
delivery >21% and < 30% or low flow at 36 weeks PMA, the oxygen reduction test as 
described by Walsh et.al.[17,38,39] should be preformed. A positive oxygen reduction 
test has a high correlation with the risk on discharge home with oxygen, the length 
of hospital stay, and pulmonary morbidity requiring hospital readmission during 
the first year of life. 

Secondary endpoints 
Short term outcomes (before discharge from hospital):
l treatment failure by discontinuing study medication as previously described
l mortality at 28 days PNA, 36 weeks PMA and at hospital discharge 
l BPD at 28 days
l failure to extubate 3, 7, 14 and 21 days after initiating therapy
l duration of mechanical ventilation
l use of “rescue treatment” with hydrocortisone outside the study protocol
l total time on supplemental oxygen
l length of hospital stay
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l incidence of hypertension, defined as systolic blood pressure > 2SD of 
standardized values used in the departement

l hyperglycemia requiring the use of insulin therapy
l nosocomial infection, like sepsis, meningitis and pneumonia
l hemodynamic significant patent ductus arteriosus for which medical intervention 

or surgical ligation is needed
l necrotising enterocolitis (NEC), diagnosed at surgery, autopsy or by radiographyic 

finding of pneumotosis intestinalis or hepatobiliary gas (Bell stage II)
l gastrointestinal bleeding
l isolated gastrointestinal perforation diagnosed on abdominal radiography
l intraventricular haemorrhage (IVH) and/or periventricular leucomalacia (PVL), 

including grading on cerebral ultrasonography according to protocol defined by 
Ment et.al.[40]

l retinopathy of prematurity, including grading following international 
classification[41] 

l weight gain, head circumference and length gain at 36 weeks PMA

Long-term health and neurodevelopmental sequelae (assessed at 2 years CGA)
l mortality
l readmissions since first discharge home
l weight, length and head circumference at 24 months c.a.
l Bayley Scales of Infant Development III, Mental Developmental Index and 

Psychomotor Developmental Index
l cerebral palsy and severity of cerebral palsy using gross motor function 

classification system
l hearing loss requiring hearing aids
l blindness
l behavioural problems (child behavior checklist)

Data collection
Baseline characteristics  are collected prior to inclusion and randomization with 
respect to the following baseline characteristics: demographic details and patient 
characteristics, such as gestational age, small for gestational age, antenatal problems, 
antenatal steroids, surfactant therapy, mode of delivery, resuscitation details, Apgar 
scores, presence of IVH/PVL, and occurrence of PDA. Base line characteristics on 
ventilator settings, gas exchange will be collected on day of randomization. 
Timing, dose and duration of all co-interventions, such as methylxanthines, 
diuretics, bronchodilators/inhalation corticosteroids and inhaled nitric oxide, as well 
as the ventilation mode with the ventilator settings will be recorded and analyzed. 

Study protocol: the SToP-BPD study
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Statistical analysis
Normally distributed data will be presented as mean ± standard deviations, 
not-normally distributed data as medians and (interquartile) ranges. Categorical data 
will be analysed using the Chi-square test. Continuous data will be analysed using 
the Student’s t test or Mann-Whitney test as appropriate. Both intention-to-treat 
and per-protocol analysis will be employed since use of open label glucocorticoids 
modulates the found risk differences.[42] The effect of hydrocortisone on the primary 
outcome death or BPD will be assessed by multi-variable logistic regression analysis 
including possible confounders. Statistical significance is set at p < 0.05.

Interim analyses
An external and independent Data Monitoring Committee (DMC) will conduct 
reviews of patient safety presented initially on hydrocortisone versus placebo 
basis. Data summaries for the DMC will be prepared by a statistician who is not a 
member of the investigating team. Formal interim analyses will be conducted when 
approximately 25%, 50% and 75% of the anticipated outcome data are available. 
The DMC will have access to all safety data and will be in a position to make 
recommendations to the trial’s Steering Committee - should a risk to the safety of 
participants arise. This safety data will include, but not be restricted to, serious 
adverse events and the safety outcomes listed as secondary outcomes. The results 
of the interim analyses will remain confidential – only the unblinded statistician 
will have access to the unblinded analyses. If the DMC recommends modification or 
cessation of the study protocol, this will be discussed with the Steering Committee, 
who will make the decision. The DMC will be composed of 3 individuals with 
expertise and extensive experience in newborn ventilation, trial management or 
statistics. The Steering Committee will propose a detailed mandate and review 
this with the DMC, from the outset. None of the members will be from institutions 
represented in the study. The DMC will report to the Steering Committee with 
whom the onus of early closure will ultimately reside. Both the DMC and the 
Steering Committee will be informed on the implications of recent information on 
premature stopping of trials.

The investigator will inform the subjects and the reviewing accredited ethics 
committee if anything occurs, on the basis of which it appears that the disadvantages 
of participation may be significantly greater than was foreseen in the research 
proposal. The study will be suspended pending further review by the accredited 
ethics committee, except insofar as suspension would jeopardise the subjects’ 
health. The investigator will take care that all subjects are kept informed. 
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Reporting serious adverse events (SAE)
All SAEs will be reported to the principle investigator and the study coordinator 
via the study website and to the accredited local ethics committee that approved 
the protocol, according to the requirements of that committee. Adverse events are 
defined as any undesirable experience occurring to a subject during a clinical trial, 
whether or not considered related to the investigational drug. All adverse events 
reported spontaneously by the subject’s parents or caregivers or observed by the 
investigator or his staff will be recorded. 

Suspected unexpected serious adverse reactions (SUSAR)
Adverse reactions are all untoward and unintended responses to an investigational 
product related to any dose administered. Unexpected adverse reactions are adverse 
reactions, of which the nature, or severity, is not consistent with the applicable product. 
The Steering Committee will report expedited the following SUSARs to the local 
ethics committee:
- SUSARs that have arisen in the clinical trial that was assessed by the ethics 

committee;
- SUSARs that have arisen in other clinical trials of the same sponsor and with the 

same medicinal product, and that could have consequences for the safety of the 
subjects involved in the clinical trial that was assessed by the ethics committee.

The remaining SUSARs are recorded in an overview list (line-listing) that will be 
submitted once every half year to the ethics committee. This line-listing provides 
an overview of all SUSARs from the study medicine, accompanied by a brief report 
highlighting the main points of concern. 

The Steering Committee will report expedited all SUSARs to the competent 
authorities in other Member States, according to the requirements of the Member 
States. 

The expedited reporting will occur not later than 15 days after the Steering 
Committee has first knowledge of the adverse reactions. For fatal or life threatening 
cases the term will be maximal 7 days for a preliminary report with another 8 days 
for completion of the report. 

Annual safety report
In addition to the expedited reporting of SUSARs, the Trial Steering Committee will 
submit, once a year throughout the clinical trial, a safety report to the accredited 
ethics committee, competent authority, Medicine Evaluation Board and competent 
authorities of the concerned Member States.

Study protocol: the SToP-BPD study
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This safety report consists of:
- a list of all suspected (unexpected or expected) serious adverse reactions, along 

with an aggregated summary table of all reported serious adverse reactions, 
ordered by organ system, per study;

- a report concerning the safety of the subjects, consisting of a complete 
safety analysis and an evaluation of the balance between the efficacy and the 
harmfulness of the medicine under investigation.

Follow-up of adverse events
All adverse events will be followed until they have abated, or until a stable situation 
has been reached. Depending on the event, follow up may require additional tests 
or medical procedures as indicated, and/or referral to the general physician or a 
medical specialist. All infants will participate in the usual NICU follow-up program. 
This program is targeted at evaluating and coordinating diagnostic procedures and 
treatment of all prematurity related problems, in close cooperation with regional 
and local pediatricians.

Sample size
The primary outcome parameter is BPD free survival at 36 weeks PMA. The a priori 
risk of death or BPD in preterm infants less than 30 weeks gestation and ventilated 
in the second week of life is estimated at 60 – 70%. The meta-analysis on moderately 
early dexamethasone treatment estimated an absolute risk reduction (ARR) of 25% 
(NNT=4) compared with placebo.[43] However, there are no data currently available 
on the efficacy of hydrocortisone and the suggested cumulative dose in the present 
study is considerably lower compared to previously used dexamethasone doses. 
Since the shown efficacy of dexamethasone is dependent on the used doses in these 
trials[21], we would propose a more conservative approach, defining an ARR of 15% 
or more (NNT=7) as clinically relevant. With an estimated a priori risk for death or 
BPD at 36 weeks PMA of 60%, a type I error of 5% (2 tailed) and a power of 80% 
the number of patients to be included in each treatment arm would be 175 (total 
350). Anticipating a 10% drop out of randomized patients, 200 patients need to be 
included in each treatment arm (total 400). Based on a retrospective analysis of 
ventilated preterm infants at day 7 of life in the majority of Dutch NICUs we expect 
a total of 200 eligible patients each year. With an estimated inclusion rate of 66% of 
eligible patients and an inclusion period of 3 years, a total of 400 patients should 
be included in the study. For sample size calculation we used Nquery (Statistical 
Solutions Ltd., Cork, Ireland).
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Parents or caregivers can leave the study at any time for any reason if they wish to 
do so without any consequences. The investigator/attending physician can decide to 
withdraw a subject from the study in case of prespecified treatment failure. 

Discussion
This trial will commence recruitment end 2010 and is expected to be completed by 
December of 2013

Organisation
Trial Steering Committee
The Trial Steering Committee (TSC) is the main policy and decision making 
committee of the study and has final responsibility for the scientific conduct of the 
study. It will be composed of representatives of the sponsors, of the investigators of 
the participating centres and of the MCRN. The specific tasks of the TSC are:
l Approve the study protocol
l Approve necessary changes in the protocol based on considerations of feasibility
l Act upon recommendations of the Data Monitoring Committee
l Review performance reports of the study sites
l Resolve operational problems brought before it by the project manager
l Approve study reports and papers for publication.

Data Monitoring Committee
An independent Data Monitoring Committee (DMC) will be created specifically for 
this trial. The DMC will act in advisory capacity to the Steering Committee. 
Membership of the DMC is: 
1 a neonatologist with extensive knowledge of BPD
2 a statistician, has experience with trials and with previous DMCs
3 a pharmacologist, extensive knowledge of the use of hydrocortisone in neonates

Clinical Project Manager / Central Study Coordinator
An experienced clinical project manager (CPM) from MCRN will manage the 
quality of the study according to the Good Clinical Practice (GCP)-guidelines, 
supervise the data monitoring process, and verify the quality of conduct of all study 
personnel. The CPM and/or clinical research associate (CRA) will arrange that the 
study personnel is adequately trained in GCP and study protocol, where needed. 
The CPM meets regularly with the CRA, data managers, the Data Safety Monitoring 
Committee (DSMC), financial departments of study centers, and all other relevant 
parties to assure study progress, quality and financials are according to planning. 

Study protocol: the SToP-BPD study

133

proefschrift  onland.indb   133 15-9-2011   09:51:47



The CPM will coordinate regulatory authority and ethics committee submissions. 
The CPM provides regularly an overall study status report to the Steering Committee 

Study Monitoring
The study will be monitored by an experienced monitor from MCRN throughout 
its duration by means of personal visits to the Investigator’s facilities and through 
other communications (e.g., telephone calls, written correspondence). 
Monitoring visits will be scheduled at mutually agreeable times periodically 
throughout the study and at frequency deemed appropriate for the study.
These visits will be conducted to evaluate the progress of the study, ensure the rights 
and wellbeing of the subjects are protected, check that the reported clinical study 
data are accurate, complete and verifiable from source documents, and the conduct 
of the study is in compliance with the approved protocol and amendments, GCP 
and applicable national regulatory requirements. A monitoring visit will include 
a review of the essential clinical study documents (regulatory documents, CRFs, 
source documents, drug disposition records, subject informed consent forms) as 
well as discussion on the conduct of the study with the Investigator and staff. The 
Investigator and staff should be available during these visits to facilitate the review 
of the clinical study records and resolve/document any discrepancies found during 
the visit.
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Abstract
Background: Bronchopulmonary dysplasia (BPD) is one of the most common 
complications of preterm birth. Although several models have been developed 
to predict BPD, no extensive quantitative validation of these models has been 
conducted. Validated prediction models using clinical parameters at an early 
postnatal age may be helpful to identify infants at risk of BPD.
Methods: To identify, appraise, and validate existing clinical prediction models for 
BPD, we searched the main electronic databases and the abstracts from the Pediatric 
Academic Societies using a sensitive search filter. The STROBE instrument was used 
to appraise methodological quality of the studies that derived and tested the models. 
External validation of the retrieved models was performed on a cohort of 3222 
patients at risk of BPD. In comparing the performance of the models, we focused 
on discrimination and calibration. Discrimination of the identified models was 
assessed by constructing receiver operating characteristic curves and calculating 

the area under the curve (AUC) with a 95% confidence interval for each model; 
Calibration was described by comparing predicted BPD probabilities to observed 
BPD probabilities using calibration plots. Calibration was performed for the top 
three best discriminating models.  
Results: Twenty-four clinical models for the prediction of BPD were identified; 17 
concerned multivariate clinical models and three univariate models. In addition, 
four prediction models originally developed for other outcomes such as mortality 
but validated for the outcome BPD were found. Methodological quality ranged 
from moderate to excellent. Of the 18 available prediction models that we could 
validate, the AUCs ranged from 0.50 to 0.76 for the combined outcome of mortality 
or BPD at 36 weeks postmenstrual age. The best three discriminating models used 
low gestational age, low birth weight, low Apgar scores, and respiratory distress as 
important independent predictors for BPD. These models showed poor calibration. 
Discussion: External validation shows that existing clinical prediction rules are 
moderate predictors for BPD. To identify prematurely born children for future 
intervention studies aiming to reduce the risk of BPD, additional variables that 
increase the predictive accuracy and calibration over the currently available models 
must be identified. Subsequently, new prediction models should be developed, 
externally validated, undergo impact analyses, and then implemented. 
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Introduction
Over the last decades, advances in neonatal care have improved survival 
amongst the lowest birth weight infants, but with high rates of morbidity as a 
consequence.1,2 Bronchopulmonary dysplasia (BPD) is one of the most important 
complications of preterm birth and is associated with long lasting pulmonary and 
neurodevelopmental sequelae.3-6 

Many interventions to reduce the risk of BPD have been tested in randomized 
controlled trials (RCTs), but only a few have shown significant treatment effects.7,8 
One of the possible explanations for these disappointing results may be the poor 
ability to predict the risk of BPD at an early stage in life and thereby failing to 
identify those patients who will benefit most from interventions that reduce the risk 
of BPD. 

The importance of developing, validating and implementing prognostic models has 
recently been outlined.10-13 In the field of neonatology, several studies have attempted 
to develop clinical models to predict which patients are most likely to develop BPD 
by logistic regression models or consensus.14-16 These studies determined risk factors 
in a heterogeneous population of patients by using various clinical and respiratory 
parameters at different postnatal ages. External validation of these models is rarely 
done and, so far, none have been implemented in clinical care or recently performed 
RCTs trying to reduce the risk of BPD. 

The primary aim of this systematic review is to identify all existing clinical 
prediction models for BPD in the international literature, and subsequently validate 
these models in a large external cohort of preterm infants to determine which model 
has the highest accuracy in predicting BPD in very low birth weight infants.

Methods
Search methods for study identification 
We applied a sensitive search strategy. Eligible manuscripts were identified by 
electronic searches of MEDLINE (from 1966 onwards), EMBASE (from 1974 onwards) 
and CINAHL (from 1982 onwards) by using the following Medical Subject Heading 
terms and text words: (neonatal chronic lung disease OR bronchopulmonary dysplasia OR 
chronic lung disease of prematurity) AND (predict OR prediction OR “predictive value” 
OR “prediction rule” OR prognosis OR “prognostic factor” OR evaluation OR “evaluation 
study” OR “risk factor” OR “risk assessment” OR “regression analysis” OR “logistic 
model” OR “statistical model” OR algorithm OR “multivariate analysis” OR predictive 
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value of tests OR “Area Under Curve” OR Receiver Operator Curve). No search limits 
were used. The ‘prediction model’ part of this search query for neonatal prognostic 
models was rerun using a highly specific and sensitive search filter as proposed by 
Moons et al. based on the Ingui search strategies (personal communication).17,18 We 
compared the yield of the original search with the rerun in terms of citations missed 
and number needed to read, defined as number of citations divided by the number 
of eventually included research papers describing an unique study.

Included manuscripts and the abstracts of the Pediatric Academic Societies (PAS) 
and the European Society for Pediatric Research (ESPR) from 1990 onwards were 
hand searched for additional manuscripts not found by the initial computerized 
search.

Criteria for considering studies for this review
To be included in the review, the manuscripts had to meet the following criteria: (1) 
the study described a clinical prediction model for BPD; (2) the purpose of the model 
was to predict BPD in preterm infants using clinical information from the first week 
of life; (3) the parameters the studies used had to be patients characteristics, such as 
birth weight, gestational age, respiratory support (either ventilator or non-invasive 
support) or blood gasses. In order to include only prediction models using bedside 
and universal accessible parameters, those studies investigating the prognostic 
use of pulmonary function testing, ultrasonographic or radiographic testing and 
measurements of tracheal markers were excluded. 

Data extraction and management
The following data and outcome parameters were extracted independently by two 
reviewers (WO and MO): development of the prediction model (retrospective/
prospective), modeling methods (logistic/multivariate regression, by consensus, 
CART models), parameters used in the final model, number of patients, included 
patient characteristics (i.e. birth weight, gestational age, gender), postnatal day of 
the prediction model calculation, reported model cut-off points, definition of BPD 
(whether defined as oxygen dependency 28 days PNA or at 36 weeks PMA), reported 
specificity and sensitivity, positive and negative predicted values and receiver-
operator-characteristic (ROC) curve. 

The original investigators of the eligible prediction models were contacted if the 
manuscript did not present a formally developed prediction model and the model 
could possibly be validated using the external validation cohort. 
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Risk of bias assessment
The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) initiative developed recommendations on what should be included in an 
accurate and complete report of an observational study, resulting in a checklist of 22 
items that relate to the title, abstract, introduction, methods, results, and discussion 
sections of articles.19  The methodological quality of the studies that developed 
prediction models using an observational cohort was assessed using the STROBE 
statement. The presence of these items was independently assessed by two reviewers 
(WO and MO). High risk of bias was considered present when unclear description 
of patient selection or setting, unclear description of outcomes, predictors, and 
effect modifiers were found in the report. Furthermore, with STROBE the statistical 
methods were judged, missing data reporting, and use of sensitivity analyses. In 
the Results and Discussion section of each manuscript inclusion and attrition of 
patients at each stage of the study was judged, reporting of baseline characteristics, 
reporting of the study’s limitations, the generalizability, and finally, whether the 
source of funding was reported, were assessed. 

The following additional items specific to the development of prognostic models 
were assessed: handling of missing values in model derivation, methods of selecting 
predictors, and model presentation, i.e. whether in nomogram, score chart, or with 
formula and regression coefficients. Furthermore, methods of internal and external 
validation, discrimination, and calibration performance were assessed.

Application of the models to an external cohort
The Prevention of Ventilator Induced Lung Injury Collaborative Group (PreVILIG 
collaboration) was formed in 2006 with the primary investigators of all RCTs 
comparing elective high frequency ventilation (HFV) with conventional ventilation 
in preterm infants with respiratory failure in order to investigate the effect of these 
ventilation strategies on an individual patient data level.20 From the 17 eligible RCTs 
known on this topic in literature, 10 trials provided pre-specified raw data from 
each individual randomized infant including patients’ characteristics, ventilation 
parameters, early blood gas values and neonatal outcomes. These data on 3229 
patients were stored in a central database and used in the prediction model analyses 
after agreement with all the PreVILIG collaborators. External validation of the 
retrieved models was performed using the PreVILIG database. 

In this dataset, patient characteristics such as gestational age, birth weight, gender, 
Apgar score at 5 minutes and antenatal steroids were available for all infants. 
Information on mean airway pressure (MAwP) and the fractional inspired oxygen 
concentration (FiO2) were provided for the first 24 hours and data on ventilator 

Prediction rules for bronchopulmonary dysplasia

141

proefschrift  onland.indb   141 15-9-2011   09:51:48



settings during the first 72 hours after randomization. Data on the partial oxygen 
tension (PaO2) were collected on randomization, whereas partial carbon dioxide 
tension (PaCO2) values were available from the first 72 hours after randomization. 
Clinical data on surfactant use, the postnatal age at randomization, age at detubation 
and morbidity, such as persistent ductus arteriosus, pneumothorax, pulmonary 
interstitial emphysema and intracranial hemorrhage, death and the incidence of 
BPD defined as oxygen dependency at 36 weeks postmenstrual age were collected 
as well. The median age at randomization varied between 0.3 and 13.5 hours after 
birth. In general, the percentage of missing information of the individual data was 
low, less than 10%.

Statistical analyses
The included prediction models were validated using the original formulas as 
published by matching the predictors in each model to the variables in the PreVILIG 
dataset. When a predictor was not available in PreVILIG, we sought to replace the 
variable with a proxy variable. When no proxy variable was possible, we imputed 
the incidence or mean value reported in the literature for these predictors.21 To 
prevent overimputation this procedure was only performed when the missing 
predictor from the model had a low weight in the equation compared to the other 
predictors.17 If none of these methods could be applied, the clinical prediction model 
was excluded from analysis. 

Most eligible and included prediction models used conventional respiratory 
support in their developmental cohorts and therefore included solely conventional 
respiratory settings as predictor variables. The PreVILIG database includes both 
infants on HFV and on conventional ventilation.20 No apparent difference was 
seen in the outcome estimate BPD or combined outcome mortality and BDP in the 
individual patient data (IPD) analysis as presented by Cools et al.20 Therefore, the 
IPD of both arms of each trial were included in the analyses where no conventional 
ventilation was included in the calculation of the prediction model. We assessed 
the discrimination performance of the included models using data of infants who 
were randomized to the conventional ventilation arm in a separate analysis and 
compared the results with the analysis on all children’s data.

The probability of each individual patient to develop the outcome “BPD at 36 
weeks” and the combined outcome “mortality and BPD at 36 weeks” was calculated 
for each prediction model and compared to the actually observed outcome. The 
discriminating performance of the prediction models was expressed by constructing 
receiver operating characteristics (ROC) curves of each models and calculating the 
area under the curve (AUC) with a 95% confidence interval. The ROC curve is often 
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used to quantify the diagnostic value of a test over its whole range of possible cutoffs 
for classifying patients as positive versus negative. The area under the ROC curve 
can be interpreted as the probability that the patient with the outcome is given a 
higher probability of the outcome by the model than a randomly chosen patient 
without the outcome.9

A second important property of a prediction model is its calibration performance. 
In the current case this describes the extent of agreement between the predicted 
probability of “BPD” or “death and/or BPD” and the observed frequency of the 
outcomes in defined risk strata. Calibration performance of the models was judged 
by constructing calibration plots.9 As the calibration performance of a prediction 
model in an independent data set (external validation set) is commonly influenced 
by the incidence of the outcome in the validation set, we adjusted the intercept of 
each model before applying it to the data, such that the mean predicted probability 
was equal to the observed outcome frequency.22 Calibration plots were constructed 
subsequently. For each model, the U statistics comparing the actual slope and 
intercept of the calibration plot to the ideal values of 1 and 0, respectively was 
calculated and tested against a Χ2 distribution with 2 degrees of freedom.23

In order to determine the impact of the missing values within the PreVILIG database 
on the performance and accuracy of the prediction models,  missing data were 
substituted by means of multiple imputation, an established method for handling 
missing values in order to reduce bias and increase statistical power.21 Sensitivity 
analyses were performed to compare accuracy and calibration in validations with 
and without these imputed values.

All AUCs were analysed using SPSS (SPSS for Windows, Rel. 18.0.1. 2010. Chicago: 
SPSS Inc., USA). All statistical tests were conducted two-sided and considered 
statistical significant when p<0.05. Calibration plots were constructed using R 
statistics (R Development Core Team (2011). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, Vienna, Austria).  

Results
Results of the search
The search strategy identified 44 relevant manuscripts (42 published in MEDLINE 
and 2 by hand search, see Figure 1). Electronic searches of EMBASE, CINAHL and 
the CENTRAL in the Cochrane Library revealed no new relevant manuscripts. 
The abstract of these studies were reviewed independently by the two reviewers 
for inclusion in this meta-analysis. After reading the full manuscripts, 20 reports 
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were excluded from this review for various reasons as shown in Figure 1. Most 
excluded manuscripts did not present a genuine prediction model (n=11), but were 
observational studies on risk factors for the outcome BPD. One manuscript was 
eligible for inclusion, but did not report the actual formula for the used prediction 
model. The original investigator was not able to provide these data.24 

2298 Potentially relevant citations screened for retrieval
2274 Identified by Pubmed Search

24 Identified by search of meeting abstracts and 
other sources

138 Abstracts retrieved for more detailed evaluation
114 From Pubmed Search
24 From meeting abstracts and other sources

44 Full-text manuscripts or meeting abstracts 
retrieved for detailed information

24 included prediction models (2 handsearched )
20 derivation studies
4 validation studies

2160 Citations excluded (clearly not relevant)

94 Abstracts excluded
11 Using pulmonary mechanic, radiographic, serum, tracheal 

parameters
4 time related or demographic cohort studies
4 validation studies or review risk factors
6 prediction neurologic development 

13 Prediction model > 7 days PNA
55 No prediction model, but risk factors BPD or other outcomes  
1 double publication of included manuscript

20 manuscripts excluded
11 No prediction model 
2 Outcome mortality or morbidity > 36 wks PMA 
3 Radiographic or pulmonary mechanic parameters 
3 Not retrievable 
1 No exact intercept and beta’s available 

24-43

44-47

Figure 1. Flowchart of the systematic review of prediction models for BPD in preterm infants.
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Compared to the search query developed for the identification of adult prediction 
rules as proposed by Moons et al., the present search strategy yielded a higher 
combination sensitivity and specificity by identifying 5 eligible prediction models 
without missing a citation, however at the expense of a higher number needed to 
read (NNR 93.2 vs 74.4). 

Finally, 24 manuscripts with publication dates ranging from 1983 to 2011 could be 
included in this review. Seventeen manuscripts developed a multivariate prediction 
model, whereas three manuscripts reported the performance of univariate 
parameters as a prediction model.25-44 The remaining 4 reports45-48 were studies 
validating existing prediction models originally designed for other outcomes, such 
as mortality.49-51 Although developed for another outcome, these validation studies 
aimed to determine to which extent the prediction rule could predict BPD. Of the 
included reports, three manuscripts29,39,44 developed a model using radiographic 
scoring, but also a prediction rule without this diagnostic tool and were therefore 
included in this review. Four manuscripts presented a prediction rule based on 
clinical information collected after the 7th day postnatal age which was beyond the 
scope of this review, but presented an earlier prediction rule as well.27,30,33,41 Only 
the early prediction rules of the manuscripts were included in this review.

Characteristics of prediction models
The general characteristics are presented in Table 1. Those manuscripts developing 
a new prediction model are indicated as the derivation cohorts, whereas those 
describing a validation of a univariate variable or a known model for other outcomes 
than BPD are called validation cohorts. All models vary greatly as to the years data 
were collected, study design and total numbers of patients. Six of the developmental 
cohorts included non-ventilated patients in their developmental cohort (35%), 
whereas the remaining studies only included ventilated patients. Most studies 
were based on collection of data in a single center setting. As can be expected, the 
earlier prediction models calculated their prediction rules on the outcome BPD at 
28 days of postnatal age, whereas after the millennium all studies aimed for the 
diagnosis of BPD at the 36th week PMA. Two models defined BPD according to 
recently established international criteria.52,53 These models used the physiological 
definition at 36 weeks PMA and divided BPD into grades of severity.25,41 Twelve 
of the derivation models were internally validated (71%), but mainly with a low 
number of included patients except for two multicenter studies.40,41 Only three 
studies developing their own model validated the developed model using a new 
independent external dataset.30,31,41     

Prediction rules for bronchopulmonary dysplasia

145

proefschrift  onland.indb   145 15-9-2011   09:51:49



Overview of considered and selected predictors
The different derivation cohorts used a wide range of candidate predictors considered 
for inclusion in the prediction model (Table 2). After selection of these variables the 
mean number of used predictors is five (range 2-12). A large proportion of the models 
used the gestational age and/or birth weight of the infants to calculate the risk for 
BPD (respectively 17 and 15 models), sometimes by recoding these parameters into 
categorical variables.27,31,40,48 Gender and low Apgar scores were only included in 
respectively 4 and 5 models. All multivariate models and the bivariate model used 
some form of respiratory settings variable as a predictor, except for the one developed 
by Henderson-Smart, which only used birth weight, gestational age and gender in 
the equation.40 Most models selected either the amount of oxygen administered, or 
the positive inspiratory pressure or mean airway pressure. A minority of the models 
used blood gasses at an early age of the infants as a predictor for BPD.        

Table 1. Characteristics prediction models

Study Year of 
publication

Region 
(No. Of Centers)

Period of data 
collection

Study design Non-ventilated 
patients included

No. of patients 
developmental cohorts

ROC timing Original outcome Internal 
validation

No. of patients 
valdidation cohort

Derivation cohorts
Cohen38 1983 USA (1) - - - - 2d Death/BPD 30d Y 69
Sinkin30 1990 USA (1) 1983-1984 Retro Y 160 12h, 10d BPD 28d Y 49

Palta39 1990 USA (5) - - - - 3d BPD 30d Y 42
Corcoran34 1993 UK (1) 1980-1990 Retro N 312 3d BPD 28d Y 100
Ryan29 1994 UK (2) 1988-1989 Retro N 166 7d BPD 28d Y 133
Rozycki33 1996 USA (?) 1987-1991 Retro N 698 8h BPD 28d N -
Ryan28 1996 UK (1) 1991-1992 Retro N 202 4d BPD 28d/36w Y 47
Romagnoli32 1998 Italy (1) 1989-1991 Retro N 50 3d, 5d BPD 28d Y 149
Yoder31 1999 USA (3) 1990-1992 Pros Y 107 12h, 72h Death/BPD 36w Y 110
Srisuparp37 2003 USA (1) 1996-1997 Retro N 138 <6h BPD 36w N -
Kim27 2005 Korea (1) 1997-1999 Retro Y 197 4d, 7d, 10d BPD 36w Y 107
Cunha36 2005 Brasil (1) 2000-2001 Pros N 86 7d BPD 36w N -
Choi35 2006 Korea (?) ? ? N 81 1d, 4d, 7d BPD 36w N -
Henderson-Smart40 2006 Aus/NZ (25) 1998-1999 Pros Y 5599 at birth BPD 36w Y 5854
Bhering26 2007 Brasil (1) 1998-2003 Retro/Pros Y 247 7d BPD 36w Y 61
Ambalavanan25 2008 USA (16) 2001-2003 Pros N 420 variable Death/BPD 36w N -
Laughon41 2011 USA (17) 2000-2004 Pros Y 3636 1d, 3d, 7d, 14d, 28d Death/BPD 36w Y 1214

Validation cohorts
Subhedar42 2000 UK (1) ? Retro N 155 <24h Death/BPD 36w
Choukroun43 2003 France (1) ? Retro N 44 at SF/18h after BPD 36w
Greenough44 2004 UK (1) 1998-2001 Retro N 59 7d Death/BPD 36w
Fowlie48 1998 UK (6) 1988-1990 Retro Y 398 72h Death/BPD 36w
Hentschel47 1998 Germany (1) 1991-1993 Retro Y 188 at adm. Death/BPD 36w
Chien46 2002 Canada (17) 1996-1997 Pros Y 4226 at adm. BPD 36w
May45 2007 UK (1) 2004-2005 Retro/Pros Y 75 2d BPD 28d/36w
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Quality and methodological characteristics model derivation
Figure 2 shows the reporting quality of the observational studies as scored using the 
STROBE instrument.54 There was a high correlation between the two independent 
assessors with only 2.7% initial disagreement (17 of the total of 624 scored items). 
These disagreements were resolved after discussion and consensus was reached.

The overall quality of the included studies was judged “moderate” to “excellent” for 
the 22 items of the STROBE instrument. The items that were judged as poor were” 
lack of reporting possible sources of bias in the Methods section; not reporting 
actual numbers of patients in the different stages of the study; failing to report 
analyses of subgroups, addressing interactions and doing sensitivity analyses. In 
the Discussion section of the various different manuscripts the limitations of the 

Table 1. Characteristics prediction models

Study Year of 
publication

Region 
(No. Of Centers)

Period of data 
collection

Study design Non-ventilated 
patients included

No. of patients 
developmental cohorts

ROC timing Original outcome Internal 
validation

No. of patients 
valdidation cohort

Derivation cohorts
Cohen38 1983 USA (1) - - - - 2d Death/BPD 30d Y 69
Sinkin30 1990 USA (1) 1983-1984 Retro Y 160 12h, 10d BPD 28d Y 49

Palta39 1990 USA (5) - - - - 3d BPD 30d Y 42
Corcoran34 1993 UK (1) 1980-1990 Retro N 312 3d BPD 28d Y 100
Ryan29 1994 UK (2) 1988-1989 Retro N 166 7d BPD 28d Y 133
Rozycki33 1996 USA (?) 1987-1991 Retro N 698 8h BPD 28d N -
Ryan28 1996 UK (1) 1991-1992 Retro N 202 4d BPD 28d/36w Y 47
Romagnoli32 1998 Italy (1) 1989-1991 Retro N 50 3d, 5d BPD 28d Y 149
Yoder31 1999 USA (3) 1990-1992 Pros Y 107 12h, 72h Death/BPD 36w Y 110
Srisuparp37 2003 USA (1) 1996-1997 Retro N 138 <6h BPD 36w N -
Kim27 2005 Korea (1) 1997-1999 Retro Y 197 4d, 7d, 10d BPD 36w Y 107
Cunha36 2005 Brasil (1) 2000-2001 Pros N 86 7d BPD 36w N -
Choi35 2006 Korea (?) ? ? N 81 1d, 4d, 7d BPD 36w N -
Henderson-Smart40 2006 Aus/NZ (25) 1998-1999 Pros Y 5599 at birth BPD 36w Y 5854
Bhering26 2007 Brasil (1) 1998-2003 Retro/Pros Y 247 7d BPD 36w Y 61
Ambalavanan25 2008 USA (16) 2001-2003 Pros N 420 variable Death/BPD 36w N -
Laughon41 2011 USA (17) 2000-2004 Pros Y 3636 1d, 3d, 7d, 14d, 28d Death/BPD 36w Y 1214

Validation cohorts
Subhedar42 2000 UK (1) ? Retro N 155 <24h Death/BPD 36w
Choukroun43 2003 France (1) ? Retro N 44 at SF/18h after BPD 36w
Greenough44 2004 UK (1) 1998-2001 Retro N 59 7d Death/BPD 36w
Fowlie48 1998 UK (6) 1988-1990 Retro Y 398 72h Death/BPD 36w
Hentschel47 1998 Germany (1) 1991-1993 Retro Y 188 at adm. Death/BPD 36w
Chien46 2002 Canada (17) 1996-1997 Pros Y 4226 at adm. BPD 36w
May45 2007 UK (1) 2004-2005 Retro/Pros Y 75 2d BPD 28d/36w
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study was often not discussed as was the generalizability of the results. The sources 
of funding were not reported in approximately half of the studies.

The methodological characteristics of the derivation cohorts presenting a new 
prediction rule is displayed in Table 3. All included manuscripts that presented a 
new prediction rule used regression analyses to develop their prediction rule, except 
for two manuscripts using expert opinions and consensus to produce a prediction 
rule.38,39 The majority (20/24) of the developed models did not address the handling 
of missing values in their discrimination calculations. The optimal way of handling 
missing values is currently regarded performing multiple imputation analyses,21 
which was done by only one study.30 Four models selected their predictors on the 
univariate P-values, whereas in another four models had no selection of predictors 
and nine used some form of stepwise selection. The majority of the models 
developing a new model presented it as a formula, whereas in five models a score 
chart and in two models a nomogram was published. Most prediction models 
(19/24) used cross-validation to validate the model internally, two used split-sample. 
The discrimination performance of the different models was presented by either 
giving AUCs of the ROCs or sensitivity and specificity. As stated before only three 
prediction rules used a new dataset to externally validate their model. None of the 
included models, either multivariate, bivariate or univariate described calibration 
performance to determine the extent of agreement between the predicted probability 
and the observed outcomes.   
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Figure 2. Methodological quality of the observational cohorts according to the STROBE instrument.
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Total number of predictors 
considered

NA 79 NA 16 9 16 10 ? 6 14 27 20 ? 21 66 26 11 NA NA NA NA NA ?

Total number of predictors 
selected

2 4 8 8 4 5 3 10 6 2 8 4 3 3 4 6 6 NA NA NA 6 5 12

Selected predictors
Clinical
Gestational age x x x x x x x x x x x x x x x x x
Birth weight x x x x x x x x x x x x x x x
SGA x
Race/ethnicity x
>15% BW loss x
Gender x x x x x
Antenatal steroids x
Outborn x
Apgar score x x x x x x
Surfactant use x x x
Patent ductus arteriosus x x x x
Fluid intake day 7 x
Lowest blood pressure x
Lowest temperature x
Urine output x
RDS x x
Severity of RDS x
Pneumonia x x
Pulmonary Hemorrhage x
PIE x x
Sepsis x
Seizures x
IVH >grade II x x
Congenital malformation x
Postnatal age at MV x
Ventilator settings
Modality x x x
Mean FiO2 x x x x x
Minimum FiO2 x
Maximum FiO2 x x x x x x
Duration FiO2>0.6 x x
PIP x x x x x x
Duration PIP>25cmH2O x
Rate x x
IMV x x x x
IMV > 24 hrs or > 2 days x x x
Mean airway pressure x x x
Ventilator index x
Laboratory
pH x
pO2 x x
pCO2
Oxygenation index x x x x x
A-a DO2 x x
Pa/AO2 x x
Base excess x x

Table 2. Overview of 
selected and used predictors 
in models

Sr
is

up
ar

p

C
or

co
ra

n

C
oh

en

Si
nk

in

Pa
lt

a

R
ya

n 
19

94

R
oz

yc
ki

R
ya

n 
19

96

R
om

ag
no

li

Yo
de

r

K
im

C
uh

na

C
ho

i

H
en

de
rs

on
-S

m
ar

t

Bh
er

in
g

A
m

ba
la

va
na

n

La
ug

ho
n

Su
bh

ed
ar

C
ho

uk
ro

un

G
re

en
ou

gh

Fo
w

li
e

H
en

ts
ch

el

C
he

in

Studie

Prediction rules for bronchopulmonary dysplasia

149

proefschrift  onland.indb   149 15-9-2011   09:51:50



Predictive performance
We were able to evaluate 18 of the 24 eligible prediction models. The method of 
replacing a missing variable by a proxy was only used in 2 prediction models, 
where “base excess” values were imputed according to the mean values found 
in literature.47,48,55,56 From one model, the variable “pulmonary hemorrhage” 
was left out of the equation, since in literature only a negligible frequency of this 
complication was found confirming clinical experience and low frequencies in the 
original developmental cohort of this model itself.39 Four models were discarded 
because variables on either fluid intake, weight loss after the first week of life and 
duration of high oxygen and positive inspiratory pressure were not available in the 
PreVILIG dataset and no proxy variable could be imputed.26,34,36,46 Furthermore, one 
well developed and large derivation cohort was very recently e-published without 

Table 3. Methodological characteristics derivation studies

Model development
Type of model
Regression analysis x x x x x x x x x x x x x x x
Tree/recursive partitioning x
Other x x
Preliminary data analysis
Missing values
Complete case study x x x x x
Imputations x
Not specified x x x x x x x x x x x
Selection
Stepwise selection x x x x x x x x x
Univariate P-values x x x x
No selection x x x x
Presentation
Score chart x x x x x
Nomogram x x
Model formula x x x x x x x x x x
Model validation
Internal
Cross-validation x x x x x x x x x
Bootstrapping
Split sample x x
External
New data set x x x
Measures
Calibration Goodness of fit x x
Discrimination
Accuracy rate x
Sensitivity/specificity x x x x x x x x x x x
ROC/area under ROC x x x x x x x x x
other x x
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the actual intercept and beta’s of the variables in the model.41 The authors were 
contacted but were not yet able to provide these values.

The discrimination performance of the models validated with the PreVILIG dataset 
as shown in Table 4 ranged from 0.50 to 0.76 for both “BPD” and the combined 
outcome “mortality or BPD” at 36 weeks PMA. The univariate models and bivariate 
model performed inferior to the multivariate models, except for gestational age and 
birth weight when calculated for the combined outcome mortality and BPD at 36 
weeks PMA. Among the multivariate models the model derived by Ryan in 1996 had 

Table 4. Areas under the curve of the ROC of the different prediction models

Study Original cohort PreVILIG cohort

Derivation Internal BPD at 36 wks PMA Combined Death or BPD
AUC AUC N AUC (95% CI) N AUC (95% CI)

Multivariate models
Sinkin - - 829 0.70 (0.67, 0.74) 997 0.75 (0.71, 0.78)

Palta 2429 0.60 (0.57, 0.62) 2888 0.62 (0.60, 0.64)
Ryan 1994 0.91 0.94 2030 0.72 (0.70, 0.74) 2393 0.70 (0.67, 0.73)
Rozycki - - 2429 0.54 (0.52, 0.57) 2888 0.58 (0.55, 0.61)
Ryan 1996 0.85 0.97 1010 0.76 (0.73, 0.79) 1171 0.74 (0.71, 0.77)
Romagnoli 0.97 0.96 373 0.61 (0.55, 0.66) 434 0.63 (0.58, 0.68)
Yoder - - 2429 0.63 (0.61, 0.65) 2888 0.69 (0.66, 0,72)
Kim 0.76 0.90 2429 0.65 (0.63, 0.67) 2888 0.72 (0.70, 0.75)
Choi - - 913 0.60 (0.56, 0.64) 1050 0.70 (0.66, 0,75)
Henderson-Smart 0.84 0.84 3222 0.62 (0.59, 0.64) 3222 0.74 (0.71, 0.76)
Ambalavanan - - 896 0.56 (0.52, 0.60) 1029 0.68 (0.62, 0.73)
Hentschel NA NA 658 0.61 (0.57, 0.66) 939 0.65 (0.61, 0.69)
Fowlie NA NA 2429 0.63 (0.60, 0.65) 2888 0.65 (0.63, 0.67)
Bivariate models  External
May NA 0.76 1918 0.55 (0.52, 0.58) 2262 0.58 (0.53, 0.63)
Univariate models
OI

Srisuparp - 0.65 896 0.50 (0.46, 0.54) 1029 0.50 (0.45, 0.55)
Greenough - 0.72

GA
Subhedar - 0.81 2429 0.65 (0.63, 0.68) 2888 0.71 (0.68, 0.73)
Choukroun - 0.73
Greenough - 0.42

BW
Subhedar - 0.82 2429 0.69 (0.66, 0.71) 2888 0.74 (0.71, 0.76)
Choukroun - 0.73
Greenough - 0.54

max FiO2 - 0.66 2126 0.54 (0.52, 0.57) 2511 0.60 (0.57, 0.64)
ANS - 0.54 2429 0.52 (0.50, 0.55) 2888 0.50 (0.48, 0.53)
Surf - 0.77 2429 0.55 (0.53, 0.57) 2888 0.55 (0.52, 0.58)
Vent>7 days - 0.75 2190 0.64 (0.62, 0.66) 2556 0.60 (0.57, 0.63)
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Figure 3. Calibration plots of best 3 prediction 
models (Sinkin (3A), Ryan 1996 (3B) and Henderson-
Smart (3C)) on combined outcome death or 
BPD at 36 weeks. The dotted line represents the 
ideal calibration (with intercept 0 and regression 
coefficient 1). Because the incidence of BPD in the 
PreVILIG differed from the original derivation 
cohorts, the calibration plots are presented with an 
adjusted intercept.

152

Chapter 8

proefschrift  onland.indb   152 15-9-2011   09:51:51



the best discrimination (AUC 0.76; 95% confidence interval (CI) 0.73, 0.79), followed 
by the model derived by the same authors in 1994 (AUC 0.72; 95% CI 0.70, 0.74) when 
validated for the outcome BPD.28,29 However, these models included the variable 
“ventilation at the 7th day of life”, and respectively “ventilation at the 4th day” in 
their model and therefore the clinician won’t be able to calculate a risk assessment 
on the first day of life. Of those models using predictors assessable on the first day 
of life, the Sinkin model had the best performance (AUC 0.70 (95% CI 0.67, 0.74)).30 

For the combined outcome mortality or BPD at 36 weeks PMA two of the above 
models showed an AUC of more than 0.70.28,30 Similar accuracy was seen from the 
model derived by Henderson-Smart and the univariate models using birth weight 
or gestational age.40

The separate validation analysis of the models using only the conventional ventilated 
infants in the PreVILIG dataset did not change the discrimination performance as 
judged by the AUCs significantly, except widening the confidence intervals due 
to loss of power (data not shown). Furthermore, the calculation performed after 
multiple imputation showed a lower value of the AUCs for every model (data not 
shown).

Figure 3 shows the calibration plots of the three best-performing multivariate models 
on the combined outcome mortality and BPD at 36 weeks PMA after adjustment of 
the intercept of each model. The calibration line does not follow the ideal line (y=x) 
in the plots, showing a both over- and underestimation of the models over the entire 
range of probabilities and low significant P values of the U statistics, indicating a 
poor performance.9

Discussion
We present the first systematic review identifying, appraising and external 
validating all published prediction models on BPD in literature. 

A new search strategy was developed to identify published prediction models. The 
quality of this filter in terms of yield of useful inclusions and number needed to 
read (NNR) was tested against a recently improved search filter for adult prognostic 
studies and appeared to be more sensitive finding 5 additional studies without 
missing a single citation at the expense of a higher NNR. 

In a timeframe of almost 30 years 17 derivation cohorts developed each a unique 
prediction model and 7 manuscripts validated a prediction rule, originally designed 

Prediction rules for bronchopulmonary dysplasia

153

proefschrift  onland.indb   153 15-9-2011   09:51:51



for other outcome such as mortality. Unfortunately, these 24 studies have several 
serious limitations jeopardizing their usefulness in daily clinical and research 
practice. 

First, the prediction models published before the millennium faced a different 
disease, different patient characteristics, underlying pathophysiology and timing of 
the diagnosis BPD. The diagnosis BPD has changed over the last decade due to the 
advancement in treatment and prevention in neonatal care, such as prenatal steroids, 
admission of surfactant, enhanced and gentler ventilation strategies. Nowadays, BPD 
is diagnosed in younger, more immature infants with structurally and functionally 
more immature lungs.57,58 As a consequence the timing of diagnosis BPD was set 
from oxygen dependency at 28 days postnatal age to new international criteria of 
oxygen dependency at 36 weeks PMA.57 Hence, the prediction models derived on 
the “old” risk factors and diagnosis of “classical” BPD like the ones published before 
the year 2000 will probably be even less accurate in predicting the “new” BPD. 

Second and most important, external validation using the PreVILIG dataset revealed 
that the existing prediction models are poor to moderate predictors for BPD and 
the combined outcome of death and BPD. It has been stated that if the value of the 
discriminating performance expressed in AUC of the ROC is less than 0.70, the 
model should be used with caution.59 Only two models exceeded this value on the 
outcome BPD.28,29 However, these two particular models have the disadvantage that 
they cannot be used for prediction really early after birth because they included the 
predictor ventilation at the 4th and 7th day of life, whereas the other models asses 
their prediction rule earlier. Three models exceed the critical level in the AUC of 0.70 
when predicting mortality or BPD at 36 weeks PMA. Two of these models included 
the predictor positive inspiratory pressure (PIP) in their prediction rule and 
therefore they cannot be used in a preterm infant receiving non-invasive respiratory 
support or high frequency ventilation.28,30   

The models with the best discriminating performance on both clinical outcomes 
all selected either gestational age, birth weight, or both as a predictor using 
considerable weight in the model formula. Both predictors are established risk 
factors for BPD.52,60 Surprisingly, Henderson-Smart is the only model with moderate 
accuracy including gender as a predictor, although this is also a well established 
risk factor for BPD.61 Except for the latter model, all used respiratory ventilator 
settings as predictors, being the amount of oxygen administrated or the height of the 
inspiratory pressure applied to the infant. The other predictors included in the best 
performing models are diverse, but all relate to perinatal or neonatal complications 
prolonging or intensifying respiratory support, such as low Apgar score, pulmonary 
interstitial emphysema, or patent ductus arteriosus. Although, all these predictors 
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are pathophysiological plausible because they traditionally correlate to lung injury, 
current management of newborns at risk of BPD might alter the reported accuracy of 
models including these variables. For example, nowadays fewer preterm infants are 
primarily intubated and ventilated after birth since non-invasive support has been 
proven to be superior to mechanical ventilation.62,63 Another example is the use of 
supplemental oxygen. Due to growing evidence of toxicity of high partial oxygen 
tension lower FiO2’s are given to preterm infants.64 Including these predictors may 
lead to less stable models over time, since new insights change the decisions and 
behaviours of the attending physician.65 Thus, the “ideal” prediction model includes 
preferably clinical predictors independent of changes in current insights in neonatal 
treatment to be able to have a high discriminating and calibrating performance 
when externally validated. 

Limitations
The external validation of the included models with the PreVILIG dataset has 
limitations. First, of the 24 eligible models, 18 could be validated using the PreVILIG 
dataset. The models not validated could have a high discriminating and calibration 
performance, however the predictors used in these models might be difficult to 
assess in daily clinical practice. Two of the models included the amount of oxygen 
or positive inspiratory pressure for an amount of time. These items are not collected 
easily even in a prospective study and more importantly are not independent of 
local protocols or habits.34,38 Three models derived a model using either weight 
loss, fluid intake or several clinical parameters as predictors. These variables were 
not included into the PreVILIG dataset.26,36,46 Unfortunately, the most recently 
published prediction model by Laughon et al. could not be validated since the exact 
model was not presented in the publication and the original authors could not yet 
provide it to us. This model is promising since it was recently derived using a large 
multicenter cohort of patients at different time points in postnatal life. Furthermore, 
this derivation cohort contained both ventilated and non-ventilated representing 
the current neonatology population, and used the international established criteria 
for BPD at 36 weeks PMA. Finally, as one of the few it was externally validated using 
a new dataset.

Second, a limitation of the validation using the PreVILIG dataset is that this dataset 
only contains ventilated preterm infants and as stated above, more and more infants 
are kept of the ventilator. Although these preterm infants start out with little need 
for supplemental oxygen and ventilatory support in the first postnatal week, a large 
proportion of these infants have pulmonary deterioration in the second postnatal 
week with an increased need for supplemental oxygen and respiratory support and 
will eventually develop BPD.66 Ideally, the identified prediction models should be 
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validated using a dataset of both ventilated and non-ventilated preterm infants. 
However, the strength of the PreVILIG dataset is the large numbers of included 
patients and being an IPD database having detailed information on clinical data 
and respiratory support during the first week of life. And even when the limitations 
of using this dataset are taken into account, those prediction models with proper 
generalizability should have the same proportion of discriminating performance in 
this dataset as if it was a mixed dataset of both ventilated and non-ventilated infants. 
To assess the possibility of bias due to missing values, the calculations were rerun 
after multiple imputations. Overestimation of the discrimination performance due 
to this bias seems not plausible, because these analyses showed a lower value of the 
AUCs for every model.

Third, although the appraisal of the 24 studies using the STROBE instrument 
showed that the quality of these manuscripts was moderate to excellent, this 
instrument does not state the quality of a prognostic study. The STROBE instrument 
was developed to assess and improve the quality of reporting observational 
research.54 Therefore, it does not include items specified for prognostic research, 
such as selection of predictors, handling of missing values and internal and external 
validation. Since this instrument is currently lacking, the STROBE instrument was 
used in combination with several aspects concerning prognostic study aspects as 
mentioned above. 

A large proportion of the included studies had no selection of included predictors 
or used univariate P-values in stead of a stepwise selection. Almost all studies 
excluded the cases with missing values or did not specify how these cases were 
handled in stead of using the superior way of handling by using imputations.21 
Prognostic models are of little clinical value unless validated both internally 
and externally.11 Eleven derived prediction models were validated internally, 
most of them by cross-validation, whereas 6 models had no validation at all. The 
generalizability of the models was only tested in 3 models an external dataset.30,31,41 
Although, most models reported the discriminating performance of their models, 
none reported on their calibration performance. Furthermore, none of the prediction 
models performed an impact analysis, showing what the change would be in the 
doctor’s decisions and behaviours when using the prediction model, and what 
improvement of health outcomes at the patient level are associated with these 
decisions and behaviours.10 Therefore, we conclude that although the manuscripts 
have a reasonable quality of reporting their observational cohorts, there are many 
flaws in the development, validating and impact stages of these prediction models.
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Implications for practice and research
Based on the present analyses, the currently known prediction models cannot be 
applied in current clinical or practical practice. First, most of the found models did 
not have the required discriminating performance predicting BPD or the combined 
outcome mortality or BPD at 36 weeks PMA. Those few models that had moderate 
performance when externally validated (i.e. AUCs of the ROC >0.70), included 
parameters of ventilator setting or failed to show the calibration performance, and 
therefore cannot be used in the population of non-ventilated infants. Furthermore, 
none of the identified prediction models quantified whether the use of their 
prognostic model would improve decision making in research or daily practice and 
more importantly, patient outcome in a comparative design.10

 
From this systematic review several implications for future research can be deducted. 
First, the findings of this study outline that the international research community is 
in urgent need for a quality assessment instrument specially designed to evaluate 
prognostic studies, like there is for systematic reviews, randomized controlled trials 
or the reporting of observational studies.54,67,68 This instrument should address 
all the different aspects of the development, validation and implementation of a 
prediction model, as described in a series of recently published articles.10-13 

Second, the findings of this systematic review should be confirmed by externally 
validating the different models using a large multicenter cohort, preferably 
collected prospectively and including both ventilated and non-ventilated preterm 
infants at different points of postnatal life. This study should follow the basic rules 
of performing validation analyses by showing both discriminating and calibration 
performance and handling missing values in the dataset by imputing, rather then 
ignoring.11,21,69 If this study reveals a model with proper performance, an international 
consensus conference should be held to determine the value of this model and 
what (baseline) variables could improve the prediction rule without neglecting the 
previous model. This method is preferable above developing a new model.22 This 
review could guide the discussion by showing which known prediction models (i.e. 
which predictor) yields the best performing model at this point in time and whether 
risks for the outcomes BPD and the combined mortality or BPD could be assessed 
using the same model or separate updated models. At a next stage, the effect of this 
model should be studied by performing an impact study.10 This could be done by 
looking in retrospect what the effect of already performed RCTs would have been 
using the model, for example in the RCTs investigating glucocorticoids, at an early 
onset or in a prospectively newly designed RCT investigating the model’s impact on 
the decision making of the clinician.   
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Conclusion
This systematic review and external validation study demonstrates that existing 
clinical prediction models for BPD are of a low quality when judging the various 
different aspects involved in constructing valid prognostic models and  have 
moderate discriminating performance on the outcome BPD or the combined 
outcome mortality or BPD. To identify preterm neonates for future intervention 
studies aiming to reduce the risk of BPD, we have to identify additional variables that 
increase the predictive accuracy of the currently available models. Subsequently, 
those models that show promising performance should be updated, externally 
validated and implemented.
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General Discussion 
This thesis investigates the evidence of antenatal and postnatal glucocorticoid 
treatment in preterm infants at risk for developing BPD by performing subgroup 
meta-analyses and metaregression. These analyses were done using patients’ 
characteristics and interventions of the different published RCTs as the independent 
variables and the various outcome estimates as the dependent variables. 
Furthermore, the published prediction models on BPD were reviewed and validated 
for their accuracy in identifying those patients with high risk of developing BPD. It 
will guide future research and current guidelines in tailoring the known evidence 
towards “personalized” medicine benefiting the individual patient.

Table: Summarizing the main findings
l	 Although cohort studies seem to suggest its benefits on neonatal outcomes, 

the recommended administration of antenatal glucocorticoids by all the 
web-based practice guidelines to women at risk of preterm birth < 26 weeks 
gestation is not supported by randomized evidence captured in subgroup 
meta-analyses of the published RCTs.

l	 The current practice of lowering the cumulative dose of dexamethasone 
does not result in a better benefit to risk ratio, as it diminishes the positive 
effects on the incidence of the combined outcome death or BPD without 
lowering the risk of adverse neurodevelopmental sequelae. 

l	 Subgroup meta-analyses of the placebo controlled postnatal dexamethasone 
RCTs confirms that the optimal timing of therapy onset is between 7 and 14 
days of postnatal life. 

l	 Open-label use of glucocorticoids in the published RCTs investigating 
postnatal dexamethasone administration modifies the effects on different 
outcome estimates, but not on the combined outcome death or BPD. 

l	 Dexamethasone administered in the second week of life (moderately early) 
significantly reduces mortality at hospital discharge in those trials with a 
low use of open label glucocorticoids in the placebo group.

l	 There is no evidence to support or refute the use of the alternative method 
of glucocorticoid administration (i.e. by inhalation) or the use of alternative 
drugs, namely hydrocortisone, to prevent the development of BPD in high 
risk preterm infants.

l	 Current research is lacking an internationally accepted, validated 
instrument to critically appraise known prognostic models in literature.

l	 Current clinical prediction models for BPD are generally not externally 
validated and not internationally adopted in research and clinical practice. 
External validation shows that existing clinical prediction rules are moderate 
predictors for BPD.
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Chapter 1 summarizes the basic molecular facts on glucocorticoids, current 
insights on the pathophysiology and health burden of BPD. We outline that due 
to improved survival this entity has changed over the last decades, from a disease 
caused by high pressure ventilation and oxygen toxicity into an entity with a state 
of developmental arrest, leading to new definitions and new challenges for clinical 
practice and research. 
The current evidence on antenatal and postnatal glucocorticoids is summarized 
in this chapter. Unlike antenatal glucocorticoids, having an established role in the 
treatment of women at imminent preterm birth in the international community, 
the public view on the use of postnatal glucocorticoid therapy drastically changed 
over the past two decades. The publication of the Cochrane reviews on the matters 
of using postnatal glucocorticoid therapy changed the public opinion from such 
therapy being “magic bullets” to “misguided rockets”.1,2 Although the systematic 
reviews of the Cochrane Library divides the postnatal glucocorticoid trials on 
timing of therapy onset, within these timeframes the results of the individual 
postnatal glucocorticoid trials are pooled together and conclusions are drawn with 
typical risk ratios.3-7 The large differences in trial design, interventions, and patient 
characteristics lead to one of the main questions in this thesis: does the heterogeneity 
in the characteristics of the pooled RCTs modify the outcome estimates and what is 
the evidence concerning alternatives in mode of administration or used drugs to 
prevent the development of BPD in high risk patients.

Exploring the evidence on benefits for extremely preterm infants who are treated 
with antenatal glucocorticoids, we show in Chapter 2 that there is no evidence to 
support or refute the recommendation of administrating antenatal glucocorticoids 
to women at risk of preterm birth < 26 weeks gestation. This is in contrast with 
observational cohort studies concluding that administration of antenatal 
glucocorticoids to infants born at extremely low gestational age is independently 
associated with reduction of mortality and respiratory distress syndrome.8-11 The 
limitations of this review are that the included trials are small, are heterogeneous in 
study design and patient characteristics and do not report all outcome parameters. 
Unfortunately, only three eligible trials for this review collect data on the number of 
infants diagnosed with BPD. Moreover, those three studies diagnosed patients with 
BPD at 28 days postnatal age and not at 36 weeks postmenstrual age according to 
current international criteria.12,13

Since glucocorticoids are known to cause a decrease in growth and the “new” BPD 
is characterized by an arrest of development, there is concern that the increasing use 
of antenatal glucocorticoids at these extremely low gestational age might eventually 
lead to an increase incidence of BPD.14,15 
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Even after 30 years of research, postnatal glucocorticoids remain a subject of 
hot-tempered and emotional discussions among clinicians and researchers. 
The current Cochrane reviews of the RCTs exploring the effect of postnatal 
glucocorticoids clearly show that systemic glucocorticoids, dexamethasone being 
the main studied glucocorticoid, reduce the incidence of BPD and the combined 
outcome BPD and death, in preterm infants at risk. This effect is independent of 
the time of postnatal administration, but there is also a reported association with 
an increased risk of abnormal neurological development at the early and delayed 
treatment onset.6,7 In response to these reports, the American Academy of Pediatrics, 
the Canadian Pediatric Society and the European Association of Perinatal Medicine 
conclude in 2002, that routine use of systemic glucocorticoids can no longer be 
recommended until further research has established the optimal type, dose and 
timing of glucocorticoid therapy.16,17 This policy is recently reconfirmed, stating that 
in the absence of RCT results showing improved short- and long term outcomes, 
therapy with high-dose dexamethasone cannot be recommended.18

Nowadays, the use of prophylactic or early onset of postnatal glucocorticoids therapy 
(i.e. <96 hrs postnatal age) is no longer used in neonatology. However, the clinician 
still faces a dilemma taking care of preterm infants who are ventilator dependent 
after the first week of life. Since the previously mentioned policy statements, overall 
postnatal glucocorticoid use has fallen, but relatively high use continues among the 
most immature infants.19-22 Alternative to totally discarding the use of postnatal 
glucocorticoids, but in an attempt to minimize the risk for adverse effects, clinicians 
have drastically delayed initiating this therapy, only considering starting treatment 
in those infants that remain ventilator dependent after 3 - 4 weeks PNA, lowered the 
cumulative doses of glucocorticoids  and shorter duration of therapy without any 
evidence on the benefit to risk ratio.19,20,23,24 

To evaluate this benefit to risk ratio Chapter 3 describes the systematic review of 
the RCTs directly comparing a higher versus a lower dexamethasone regimen after 
7 days PNA in ventilated preterm infants. The meta-analyses of 6 studies suggest 
that a reduction in dexamethasone dose might increase the incidence of BPD 
without decreasing the risk for adverse neurodevelopmental outcome. However, 
the validity of this observation is compromised by the small sample of randomized 
children, heterogeneity of the study populations and designs, the use of late rescue 
glucocorticoids and lack of long term neurodevelopmental data in some studies. 

To further explore the relation between the cumulative dose used in RCTs 
comparing dexamethasone with placebo in ventilated preterm infants older than 
7 days and the different effect estimates, a systematic review is performed using 
subgroup meta-analyses and meta-regression in Chapter 4. Trials with a moderately 
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early (7 – 14 days) or delayed (> 3 weeks) postnatal treatment onset are analyzed 
separately. This review shows that higher dexamethasone doses reduce the relative 
risk for the combined outcome mortality or BPD, with the largest effect in trials 
using a cumulative dose above 4 mg/kg. Furthermore, no effect is found of doses 
on the risk of neurodevelopmental sequelae in the delayed treatment studies. 
Even more striking is the finding that in the moderately early treatment studies, 
the risk of neurodevelopmental sequelae is decreased for each incremental mg/kg 
cumulative dexamethasone dose. Weighing the beneficial pulmonary benefits to the 
neurodevelopmental sequelae risk ratio leads to the assumption that the optimal 
timing of administrating postnatal glucocorticoids is in the moderately early 
timeframe and that a higher cumulative dose favours prevention of BPD.25 

A recently published large cohort confirms the international decrease in postnatal 
glucocorticoid use, and underlines the results of this thesis by showing that this 
decline is associated with increased BPD rates among infants < 29 weeks’ gestation, 
keeping the urge for future research urgent and alive.26 
 
After the beneficial effects of dexamethasone became apparent in the 1990s, 
all dexamethasone trials allowed the use of open label glucocorticoids (OLG) 
in both the intervention and the placebo arm, and a considerable number of 
patients received OLG in actual fact. This can be an important effect modifier of 
dexamethasone treatment effects.6,7,27 This is confirmed by the systematic review 
described in Chapter 5. We show that OLG use in the dexamethasone trials modifies 
the treatment effect of the reported outcomes. When adjusted for OLG use effect 
modification, moderately early dexamethasone treatment reduces mortality and 
the combined outcome mortality and BPD without increasing the risk of adverse 
neurodevelopmental outcome in ventilated preterm infants. 

In Chapter 6 the effect of an alternative mode of glucocorticoids administration 
at moderately early onset is explored, namely by inhalation. This method of 
administration might give a better balance of beneficial versus adverse effects, 
because, ideally and in theory, inhaled glucocorticoids demonstrate a high 
pulmonary deposition resulting in less pulmonary inflammation, with in addition 
less adverse effects due to a low systemic bioavailability and rapid systemic 
clearance. 

Although we have identified 8 RCTs initiating therapy ≥ 7th day of life, randomising 
232 preterm infants, there is a paucity of data on short and long term adverse effects. 
Furthermore, the included trials differ considerably in patient characteristics, 
inhalation therapy and outcome definitions. The sparse meta-analyses that can 
be performed showed that inhaled glucocorticoids do not reduce the separate or 
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combined outcomes death or BPD, or have beneficial effects on short term respiratory 
outcomes such as failure to extubate, total duration of mechanical ventilation 
or oxygen dependency, although there is a trend to a reduced use of systemic 
glucocorticoids in favour of inhalation corticosteroids. Based on these results the 
use of inhalation glucocorticoids initiated at ≥ 7 days of life for preterm infants at 
high risk of developing BPD cannot be recommended at this point in time.

Given the uncertainties of the timing of onset, the cumulative dose used and 
which endpoint to prevent surrounding postnatal glucocorticoid use, the research 
community seeks new trials to be carried out. Chapter 7 outlines the study protocol 
of a multicenter RCT investigating an alternative glucocorticoid drug after the 
first week of life, namely hydrocortisone (the SToP-BPD trial). So far no RCT has 
investigated its efficacy when administered after the first week of life to ventilated 
preterm infants. Eight RCTs including 880 infants investigated a low hydrocortisone 
dose started within < 72 hours after birth (early treatment). Meta-analysis of these 
trials failed to show a clear reduction in the incidence of BPD or harmful effects.28 
Several historical cohort studies and only one of the previous mentioned early 
treatment trials reported long-term follow-up, showing no differences in adverse 
neurodevelopmental sequelae.29-32 

The proposed trial, funded by the Dutch MRC (ZonMW), will start recruiting 
patients in September 2011. It is a randomised double blind placebo controlled study 
in preterm infants, who are ventilator dependent at a postnatal age of 7 – 14 days and 
suspected with a diagnosis of developing BPD. Compared to the early RCTs using a 
low dosage regimen, the investigated regimen of hydrocortisone has a cumulative 
dose 72.5 mg/kg and will be administered during a 22 day tapering schedule. The 
expected inclusion of 400 patients (200 per group) in an inclusion period of three 
years has a power of 80% to detect an absolute risk reduction of 15% for the primary 
outcome death or BPD in the treated group, which is considered clinically relevant. 
At the end of 2014 this trial will determine the role of postnatal hydrocortisone 
administration at a moderately early onset in ventilator dependent preterm infants.

Many interventions for BPD have been tested in randomized controlled trials, but 
only a few have resulted in significant treatment effects.35,36 One of the possible 
explanation for these disappointing results may be the general poor ability to 
predict which infant will experience this morbidity at an early stage in life and 
therefore failing to identify patients who will benefit most from interventions that 
reduce the risk of BPD.

Doyle et al. published a systematic review in 2005 showing that the adverse effects 
of postnatal glucocorticoids on long term neurodevelopmental outcome might be 
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modified by the a priori BPD risk.33 Using metaregression they showed that every 
10% increase in BPD risk reduced the risk difference of death or cerebral palsy by 
9.1%, meaning that in infants with a high risk of BPD, the use of glucocorticoids 
reduces the risk of long term neurodevelopmental sequelae. This emphasizes the 
importance of identifying those infants with the highest risk of developing BPD at 
an early stage using a clinical prediction model.34 

The aim of the systematic review described in Chapter 8 was to identify all existing 
clinical prediction models for BPD in international literature, and subsequently 
validate these models using a large external cohort of preterm infants in order to 
determine which model has the highest accuracy in predicting BPD in very low birth 
weight infants. External validation showed that existing clinical prediction rules 
are moderate predictors for BPD and that the best models used low birth weight, 
low Apgar scores, and respiratory distress as important independent predictors. 
Although Chapter 8 presents a systematic review in line with the previous chapters, 
the aim of this particular study exceeds the dilemmas concerning the use of 
glucocorticoids in perinatology, since a well validated and implemented prediction 
model could be applied to all known and new therapy strategies for the prevention 
of BPD in high risk preterm infants. 

Conclusions
From this thesis, several conclusions can be drawn. First, although cohort studies 
confirm its benefits on neonatal outcomes, the recommended administration of 
antenatal glucocorticoids by all the web-based practice guidelines to women at risk 
of preterm birth < 26 weeks gestation is not supported by evidence based medicine 
using subgroup meta-analyses of the published RCTs.

Second, the systematic reviews on postnatal systemic glucocorticoids show that 
the current practice of lowering the cumulative dose of dexamethasone does not 
result in a better benefit to risk ratio, but diminishes the positive effects on the 
incidence of the combined outcome death or BPD without lowering the adverse 
neurodevelopmental sequelae. Furthermore, it confirms that the optimal timing of 
therapy onset is between 7 and 14 days of postnatal life and that open-label use of 
glucocorticoids modifies the effects on different outcome estimates, but not on the 
combined outcome death or BPD. 

Third, we show that there is no evidence to support or refute the use of the 
alternative method of administration (i.e. inhalation glucocorticoids) or alternative 
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drugs, namely hydrocortisone to prevent the development of BPD in high risk 
preterm infants.

Finally and probably most important for future research, we demonstrate that 
the clinical prediction models for BPD are generally not externally validated and 
not internationally adopted in research and clinical practice. The current clinical 
prediction models for BPD appeared to be moderate predictors for BPD after external 
validation and can, therefore, not be used yet for identifying those infants with the 
highest risk of developing BPD at an early age.

Implications for clinical practice
Although the conclusions of Chapter 2 regarding the use of antenatal glucocorticoids 
given prior to 26 weeks gestation do not support the recommendations of the 
available practice guidelines, the use of antenatal glucocorticoids in daily practice 
at this extremely low gestational age should not be discarded, taking the evidence 
based on observational cohort studies into account. 

The conclusions of Chapter 3 and 4 have two important implications for daily 
practice. First, clinicians should not delay initiation of glucocorticoid treatment to 
infants who remain ventilator dependent until 3 - 4 weeks of PNA, but consider 
therapy in high risk patients at an earlier stage, namely between 7 and 14 days, since 
the available evidence showed that this onset of therapy has a better benefit to risk 
ratio. Second, although we show that a reduction in cumulative dexamethasone 
dose might increase the incidence of BPD without decreasing the risk for adverse 
neurodevelopmental outcome, this suggestion should be confirmed by a large 
multicenter trial before a definitive conclusion can be drawn and implemented. 

Alternative modes of administration (e.g. inhalation) as well alternative 
glucocorticoid drug such as hydrocortisone should not be used outside the realm of 
a well designed clinical trial, as discussed in Chapter 6 and 7.

Implications for research
The numbers of implications for future research directly follows the numbers 
of conclusions drawn in this thesis. First, regarding the lack of evidence for 
administrating antenatal glucocorticoids to women at imminent birth before 26 
weeks of gestation, the results of this review should be reanalyzed in an “individual 
patient data” (IPD) meta-analysis, allowing for more appropriate and flexible 
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analyses of both subgroups and outcomes. If the uncertainty still exists after such 
an IPD analysis, the international obstetric and neonatal community will have to 
decide whether a large placebo controlled RCT of this specific subgroup of patients 
is needed to confirm or refute its findings.

Second, a large multicenter study, comparing a higher cumulative dexamethasone 
dose (≥ 4 mg/kg) with a lower dose (≤ 2 mg/kg) using a comparable duration of 
treatment at moderately early onset, is urgently needed. The clinical community 
should decide if there is still room for a placebo arm in such a trial, or that 
hydrocortisone be used as comparator. Such a trial should be adequately powered 
to detect small but clinically relevant treatment effects and outcome measurements 
should be collected in an uniform, internationally recognized matter, being BPD at 
36 weeks PMA with degree of severity and the oxygen reduction test as described 
by Walsh et al., mortality at 36 weeks PMA and at discharge, and a complete 
assessment of major neurosensory impairment using predefined definitions, 
diagnostic tests and time points.37 Short term benefits (i.e. time of extubation, 
duration of ventilation) and adverse effects (i.e. hypertension, infection, and 
hyperglycemia) should be reported as secondary outcomes. Dilution of treatment 
effect due to the use of glucocorticoids outside the study protocol, or crossing over 
between trial arms should be avoided as much as possible. Data should be analyzed 
on an intention-to-treat basis, per-protocol, and in an adherers-only analysis in order 
to accurately estimate the true effect of dexamethasone treatment on the clinical 
outcome parameters, as described in Chapter 5.

We would like to emphasize that the prevention of BPD, although desirable looking 
at the long-term pulmonary outcomes and consequently health burden, it is 
not the ultimate endpoint of interest in perinatal care of preterm infants. Taking 
into account that the diagnosis of BPD is independently associated with adverse 
neurodevelopmental sequelae, the debate is still ongoing on BPD being a direct 
cause of adverse long term neurological outcome or an indirect sign of increased 
inflammatory status leading to that adverse outcome. Therefore, intervention trials 
should especially be focused on collecting and preferably be powered to detect the 
differences on these long term outcomes. 

Third, future research should focus on the optimal aerosol delivery system for 
administration of inhaled glucocorticoids in ventilated and non-ventilated infants, 
which is quite a challenge since preterm infants have low tidal volumes and 
functional residual capacity, high respiratory rates, a shortened particle residence 
time and in general smaller airway diameters.38 A large RCT administrating 
inhaled glucocorticoids at an early onset is currently recruiting patients, whereas 
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the SToP-BPD trial will provide data on the use of hydrocortisone at a moderately 
early onset in the near future.39

Finally, and most urgently needed is a clinical prediction model with accurate 
discriminating and calibration performances for the outcome death or BPD to allow 
the clinician and researcher to predict high risk patients with the diagnosis “new 
BPD” at an early age of life. International collaboration, Delphi-methodology and 
consensus processes are keys in the decision on what the model should contain, and 
to reach a prediction model that is to be used in research and practice for the years 
to come.

Summary
Although RCTs investigating antenatal and postnatal use of glucocorticoids are 
generally considered homogeneous and pooled in systematic reviews, there are in 
fact tremendous differences in trial design, investigated intervention and patient 
characteristics between these trials. By analyzing these trials in subdividing the 
trials according to these differences in subgroups and meta-regression, we explored 
the effect modification caused by this clinical heterogeneity.

First, we explored in Chapter 2 whether the beneficial effects of antenatal 
glucocorticoids are dependent on the gestational age at which they are given and 
found that those RCTs including infants with lower gestational age showed no effect 
on neonatal outcomes, whereas those trials including larger infants had a definite 
beneficial effect on both pulmonary and other short outcomes. 

The next question was what the effect of lowering the used postnatal glucocorticoid 
therapy in dose and duration, would be as shown by the evidence from RCTs. We 
found that lowering the cumulative dose or duration of postnatal glucocorticoid 
therapy on pulmonary effects might lead to regression to the mean, diminishing 
the beneficial effects on the outcome BPD, without decreasing the possible negative 
adverse effects on neurodevelopmental outcome. These results were shown in 
Chapter 3 including RCTs directly comparing a higher versus a lower dosage 
regimen, as well as in Chapter 4 comparing glucocorticoid therapy analyzed by 
subgroup analyses and meta-regression. 

Since these previous findings might be flawed due to the high rate of open label 
glucocorticoid therapy in the placebo group, we explored and found in Chapter 
5 that this trial characteristic indeed modified the outcome estimates in the 
known systematic reviews. However, when adjusted for open label use effect 
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modification, moderately early dexamethasone treatment reduces mortality and 
the combined outcome mortality and BPD without increasing the risk of adverse 
neurodevelopmental outcome in ventilated preterm infants. 

Next, we explored the evidence on inhalation glucocorticoids in Chapter 6 as an 
alternative therapy for systematic administration of postnatal glucocorticoids after 
the 7th day of life. Due to paucity of outcome data no conclusion could be drawn in 
the efficacy of this therapy.  
For another alternative type of glucocorticoid drug, hydrocortisone, we present a 
study protocol in Chapter 7 in order to establish the role of this choice of drug for 
the prevention of BPD in a moderately early timeframe.

In order to predict which infant has the highest probability of developing BPD 
and therefore possible candidates for high risk intervention trials such as future 
glucocorticoid trials, we finally sought all available clinical prediction models 
known in literature in Chapter 8 and determined their accuracy in predicting BPD 
by validation using a large external cohort. Of the 24 published models, we could 
determine the accuracy for 19 of them, showing that the current known models are 
moderate prediction for developing BPD and therefore we need to improve, validate 
and implement a new clinical prediction model.
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Samenvatting
Glucocorticoïden worden in bijna alle specialismen van de geneeskunde 
voorgeschreven, zo ook in de perinatologie. In hoofdstuk 1 wordt een overzicht 
gegeven van de beschikbare literatuur over het gebruik van antenatale 
glucocorticoïden bij de ongeboren prematuur geboren neonaat ter voorkoming 
van o.a. het respiratory distress syndrome (RDS) en in het geval van postnataal 
gebruik van glucocorticoïden ter voorkoming van de meest voorkomende 
complicatie in de neonatologie, te weten bronchopulmonale dysplasie (BPD). BPD 
wordt gekarakteriseerd door langdurige ademhalingsondersteuning door middel 
van positieve druk beademing en zuurstoftoediening, een gecompromitteerde 
longfunctie tot in adolescentie, een hogere kans op respiratoire infecties gedurende 
het eerste levensjaar en neurologische ontwikkelingsachterstand.

Er zijn tientallen gerandomiseerde studies uitgevoerd die het effect van antenatale- 
en postnatale toediening van glucocorticoïden onderzochten. De resultaten van 
deze onderzoeken worden samengevoegd in literatuuroverzichten (systematische 
reviews), geanalyseerd en weergegeven - als betrof het één groot onderzoek - in 
een zogenaamde meta-analyse. Waar de voordelen van antenatale toediening 
van glucocorticoïden vandaag de dag als onomstotelijk bewezen worden 
beschouwd, is het toedienen van dexamethason, het meest onderzochte postnataal 
glucocorticoid, in diskrediet geraakt door publicaties over slechte neurologische 
ontwikkelingsachterstand na deze behandeling.

Het probleem van de bestaande systematische reviews in dit veld is dat de 
samengevoegde gerandomiseerde studies klinisch heterogeen zijn voor wat betreft 
patiënten-karakteristieken,  dosis en duur van glucocorticoïden behandeling en 
aantallen patiënten in de controlegroep die uiteindelijk ook werden behandeld 
met glucocorticoïden voor het bereiken van de klinische uitkomst BPD. Deze 
heterogeniteit en de hiermee geassocieerde onzekerheid over de gunstige en 
ongunstige effecten van perinatale glucocorticoïden leidde tot de onderzoeksvragen 
van dit proefschrift. De centrale vraag is of het effect van glucocorticoïden op de 
verschillende uitkomstmaten verandert wanneer we beter kijken naar de gegevens 
van de bestaande gerandomiseerde onderzoeken.

In hoofdstuk 2 wordt onderzocht of de bekende voordelen van het toedienen van 
antenatale glucocorticoïden ook gelden voor extreem vroeggeboren kinderen. Door 
de verschillende gerandomiseerde studies te verdelen in subgroepen met een gelijke 
zwangerschapsduur van de patiënten, laten we zien dat er geen bewijs is voor, maar 
ook niet tegen het toedienen van antenatale glucocorticoïden aan vrouwen met 
een dreigende vroeggeboorte bij een zwangerschapduur korter dan 26 weken. De 
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beperkingen van dit onderzoek zijn dat – terwijl de aantallen kinderen die bij deze 
leeftijd wordt behandeld verder toeneemt - de onderzoeken niet meer dan in totaal 
196 patiënten hebben geïncludeerd, en onderling sterk verschillen in studieontwerp 
en patiënt karakteristieken, en bovendien niet alle benodigde uitkomstparameters 
rapporteren. Aanbevelingen voor de praktijk en voor onderzoek worden gedaan.

Zelfs na 30 jaar onderzoek blijft het toedienen postnatale glucocorticoïden een 
onderwerp van verhitte en emotionele discussies tussen clinici en onderzoekers. 
De gegevens in de huidige reviews laten zien dat het meest onderzochte postnatale 
glucocorticoïd, dexamethason, de incidentie van BPD en de gecombineerde 
uitkomst BPD en overlijden vermindert bij premature kinderen, onafhankelijk van 
de tijd van postnatale toediening. Echter, er is ook een gerapporteerde associatie met 
een verhoogd risico op een abnormale neurologische ontwikkelingsachterstand. 
Verschillende instanties concluderen dan ook dat het routinematig toedienen 
van glucocorticoïden niet kan worden aanbevolen totdat met nader onderzoek is 
vastgesteld wat de optimale soort, dosis en tijdstip van glucocorticoïd-toediening 
is. Toch worden glucocorticoïden nog regelmatig gebruikt wanneer er “geen andere 
opties” meer zijn en de premature pasgeborene na 3 - 4 weken nog steeds afhankelijk 
is van beademing. In een poging om de kans op nadelige effecten te minimaliseren, is 
niet alleen het tijdstip van het starten van deze therapie later geworden, maar is ook 
de cumulatieve dosering en de totale duur van glucocorticoïden verlaagd. Dit zonder 
dat bekend is wat dit betekent voor de positieve effecten op gezondheidsuitkomsten 
en de bijwerkingen.

De systematische review in Hoofdstuk 3 beschrijft de gerandomiseerde studies die 
de effecten onderzochten van een hogere cumulatieve dosering dexamethason in een 
directe vergelijking met een lagere dosering. Onze meta-analyses van zes geïncludeerde 
studies suggereren dat verlaging van de dosering de incidentie van BPD doet verhogen 
zonder dat het risico op een slechte neurologische ontwikkelingsachterstand 
verminderd wordt. Echter, deze observatie moet met terughoudendheid worden 
geïnterpreteerd door het kleine aantal gerandomiseerde kinderen, de heterogeniteit 
van de onderzoekspopulaties, het ruime gebruik van glucocorticoïden in de 
controlegroep en een gebrek aan lange termijn neurologische gegevens in sommige 
studies. Aanbevelingen voor de praktijk en voor onderzoek worden gedaan. 
 
Hoofdstuk 4 laat subgroep meta-analyses en meta-regressies zien waarmee de 
relatie wordt onderzocht tussen de cumulatieve dosis dexamethason in de placebo 
gecontroleerde trials en overlijden, BPD, en neurologische ontwikkelingsachterstand. 
Er werden aparte analyses uitgevoerd voor de studies die de postnatale behandeling 
starten tussen 7 - 14 dagen begonnen en de studies die de behandeling later (>   3 
weken) initieerden. Het bleek dat hogere doses dexamethason het relatieve risico 
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voor de gecombineerde uitkomst overlijden of BPD vermindert met het grootste 
effect bij een cumulatieve dosis > 4 mg/kg. Bovendien werd er geen relatie gevonden 
tussen het risico op neurologische ontwikkelingsachterstand in de studies met een 
latere behandeling en de cumulatieve dosering in de studies. Opvallend was dat de 
analyses van de studies die behandeling begonnen tussen de 7de en 14de dag, een 
lager risico op neurologische ontwikkelingsachterstand lieten zien bij toegenomen 
cumulatieve dosering dexamethason. Op basis van deze gegevens concludeerde 
deze studie dat gezien de gunstige pulmonale voordelen ten opzichte van de 
nadelige neurologische ontwikkelingsachterstand, het optimale tijdstip voor het 
starten van postnatale glucocorticoïden tussen de 7de en 14de levensdag ligt en dat 
een hogere cumulatieve dosis meer effect lijkt te hebben in het voorkomen van BPD 
wat de resultaten van Hoofdstuk 3 bevestigd.

Nadat in de jaren 90 de gunstige effecten van dexamethason gepubliceerd 
werden, lieten alle gerandomiseerde studies die daarna uitgevoerd werden 
open-label glucocorticoïden toe in zowel de interventie- en de placebogroep. Dit 
kan een belangrijke verstorende factor zijn in de beoordeling van de effecten van 
dexamethason op de gezondheidsuitkomsten. Hoofdstuk 5 laat zien hoe open-label 
gebruik in de dexamethason studies zorgt voor een verandering in het effect op 
de separaat gerapporteerde resultaten van overlijden en BPD. Een hoog percentage 
open-label gebruik in de placebogroep zorgt voor een onterechte nivellering van 
het effect op overlijden en een overschatting van het effect op BPD. Daarentegen 
zorgt het gebruik van open-label glucocorticoïden niet voor een verandering 
in het geobserveerde effect op de gecombineerde uitkomstmaat overlijden 
en BPD. Aanbevelingen voor de praktijk en voor onderzoek worden gedaan. 

In Hoofdstuk 6 werd het effect van een alternatieve wijze van glucocorticoïden 
toediening bekeken, namelijk via inhalatie. Deze wijze van toedienen zou theoretisch 
een beter voordeel/ risico-profiel hebben, omdat inhalatie vooral een hoge depositie 
geeft in de longen en niet systemisch, wat mogelijk resulteert in onderdrukking 
van pulmonale inflammatie in combinatie met minder systemische bijwerkingen. 

We identificeerden 8 gerandomiseerde studies die inhalatietherapie startten ≥ 
7de levensdag. Deze studies randomiseerden in totaal 232 pasgeborenen, maar 
rapporteerden zeer spaarzaam gegevens over de korte en lange termijn voordelen 
en schadelijke effecten. Bovendien verschilden de opgenomen studies onderling 
aanzienlijk wat betreft patiënt karakteristieken, inhalatietherapie en uitkomstmaten. 
Op basis van deze resultaten kan het gebruik van inhalatie glucocorticoïden vanaf ≥ 
7de levensdag niet worden aanbevolen.
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De roep om nieuw gerandomiseerd onderzoek naar alternatieve glucocorticoïden 
wordt steeds duidelijker, gezien de hierboven genoemde onzekerheden wat betreft 
het toedienen van postnatale dexamethason aan prematuur geboren neonaten 
na de eerste levensweek. Hoofdstuk 7 bevat het studie protocol van een nieuw 
multicenter gerandomiseerd onderzoek (de SToP-BPD studie) naar de effecten 
van een alternatief glucocorticoïd medicament, namelijk hydrocortison. Tot nu 
toe is er geen enkele gerandomiseerd onderzoek gedaan bij beademde premature 
pasgeborenen naar de werkzaamheid hiervan na de eerste levensweek. Het 
voorgestelde onderzoek, in 2011 gefinancierd door ZonMW, rekruteert patiënten die 
afhankelijk zijn van kunstmatige beademing op een postnatale leeftijd van 7 - 14 
dagen in alle 10 Nederlandse en in 5 Belgische neonatale intensive care units. 

Het laatste hoofdstuk heeft een ander karakter dan de voorgaande, hoewel 
het ook een systematische review betreft. Tijdens de totstandkoming van de 
voorgaande hoofdstukken werd het duidelijk dat het vroeg postnataal identificeren 
van kinderen die uiteindelijk de diagnose BPD krijgen uiterst belangrijk is. 
Immers, het blootstellen van een patiënt met een laag risico op BPD aan een te 
onderzoeken interventie zorgt voor verdunning van het mogelijke effect van 
de interventie en stelt bovendien de patiënt bloot aan een onnodige interventie. 

Het doel van de systematische review beschreven in Hoofdstuk 8 was om alle 
bestaande klinische predictiemodellen voor BPD te identificeren en beoordelen 
op methodologische kwaliteit. Vervolgens werd de predictieve waarde van de 
verschillende modellen gevalideerd met behulp van de individuele patiëntdata van 
een grote externe studie (de PreVILIG studie) met het doel te bepalen welk model 
de hoogste nauwkeurigheid had in het voorspellen van BPD. Er werden 24 klinische 
modellen geïdentificeerd. De kwaliteit werd beoordeeld als matig tot goed. Na 
externe validatie bleek dat deze predictiemodellen matige voorspellers zijn voor 
de diagnose BPD. De best discriminerende modellen gebruikten parameters als 
zwangerschapsduur, geboortegewicht, lage Apgar scores en respiratoir falen als 
voorspellers.

Conclusies
Meerdere conclusies kunnen worden geformuleerd uit dit proefschrift. Ten eerste 
wordt het wijd toegepaste voorschrijven van antenatale glucocorticoïden aan 
vrouwen met een te verwachte vroeggeboorte <26 weken zwangerschapsduur niet 
ondersteund door onderzoeksresultaten.

Ten tweede toont dit proefschrift dat de huidige praktijk van het steeds later starten en het 
verlagen van de cumulatieve dosis dexamethason niet leidt tot een betere verhouding 
tussen voordeel en risico, maar juist tot een vermindering van positieve pulmonale 
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effecten zonder het verlagen van de neurologische ontwikkelingsachterstand. 
Duidelijk wordt dat het optimale tijdstip van starten   tussen de 7 en 14 levensdag 
ligt. Open-label gebruik van glucocorticoïden verandert de effecten op de 
verschillende uitkomsten maar niet op de gecombineerde uitkomst dood of BPD. 
Ten derde is er geen bewijs voor gunstige effecten van de alternatieve wijze van 
toediening zoals inhalatie of voor alternatieve glucocorticoïden zoals hydrocortison. 
Tot slot en waarschijnlijk het meest belangrijk voor toekomstig onderzoek, kunnen 
de huidige klinische predictiemodellen voor BPD nog niet gebruikt worden in 
onderzoek en de klinische praktijk. Zij hebben een matig voorspellend vermogen, 
en dienen verder ontwikkeld te worden.

Aanbevelingen voor onderzoek
Meerdere conclusies leiden ook tot meerdere aanbevelingen voor nader onderzoek. 
Ten aanzien van het toedienen van antenatale glucocorticoïden aan vrouwen 
met een op handen zijnde bevalling vóór de 26ste week zwangerschapduur, 
moeten de resultaten van dit onderzoek in eerste instantie bevestigd worden 
in een “individual patient data” (IPD) meta-analyse, waardoor een meer 
adequate en flexibele analyses van beide subgroepen en resultaten mogelijk is.  

Ten tweede is een goede, grote multicenter studie nodig, die een hogere cumulatieve 
dosis dexamethason (≥ 4 mg / kg) met een lagere dosis (≤ 2 mg / kg) vergelijkt. Het gebruik 
van open-label glucocorticoïden moet waar klinisch mogelijk worden vermeden.  

Ten derde is een grote gerandomiseerde studie nodig om de plaats van inhalatie 
glucocorticoïden te bepalen in de behandeling van zich ontwikkelende 
BPD. Het SToP-BPD onderzoek zal in de nabije toekomst meer zicht geven 
over een mogelijk alternatief voor dexamethason, te weten hydrocortison. 

Tot slot is dringend een klinisch predictiemodel nodig met voldoende discri-
minerende- en calibratie-eigenschappen voor de uitkomst overlijden of BPD. 
Hiermee is de clinicus en onderzoeker in staat om kort na geboorte te bepalen welke 
patiënt een hoog risico heeft op de diagnose BPD, zodat de patiënten met een laag 
risico niet onnodig blootgesteld worden aan (toekomstige) interventies, maar - nog 
belangrijker - opdat patiënten met een hoog risico of sterfte of BPD niet onnodig 
potentiële therapie onthouden wordt. 

Samenvatting
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Dankwoord
First of all, I would like to thank all the authors of the randomized trials we contacted 
all over the world. This thesis would not exist without their willingness to share 
their data with us. Bovendien kan geen enkel onderzoek verricht worden zonder 
blijvende steun van de omgeving. 

Prof. Dr. M. Offringa, beste “Making a Difference” Martin. Er zijn maar weinig 
promovendi die kunnen zeggen dat ze samen met hun prof naar een concert van Joe 
Satriani zijn geweest. Voor de niet-gitaar kenners, Satriani is een snoeiharde fusion-
jazzrock gitarist met een weergaloze uitstraling en tomeloze energie op het podium, 
die alleen gedraaid mag worden wanneer de rest van mijn gezin niet thuis is. Joe 
Satriani verbleekt echter vergeleken met Martin wat betreft energie, al heeft de 
laatste dan oordoppen in. Maar deze anekdote geeft precies weer wat Martin doet. 
Met grenzeloos enthousiasme, scherpzinnige analyses en zijn probleem oplossend 
vermogen weet hij steeds weer vernieuwde ideeën in de kindergeneeskunde 
te pompen, waarbij de belangrijkste les in het doen van onderzoek inmiddels 
een slagzin zonder weerga is geworden: “It’s the methodology, stupid!” Martin, 
heel heel veel dank voor je altijd stimulerende, onnavolgbare brainstorm sessies, 
waarvan ik wel altijd een minuut of tien moet bijkomen. Ik hoop dat we nog vaak 
de gelegenheid krijgen om jazz in alle vormen en maten te beluisteren en bekijken. 
Opdat we nog heel veel onderzoek samen mogen doen. 

Dr. van Kaam, beste Anton. Ik heb mijn mailbox er eens op na geslagen en er 
staan meer dan 1000 mailwisselingen in vanaf 2005 met jouw naam erboven en 
nooit hoefde ik langer dan één uur te wachten op antwoord. Daar waar ik tijdens 
het schrijven verzand in zijsporen en eindeloze uitwijdingen die er niet toe doen, 
weet jij met jouw onnavolgbare heldere schrijfstijl de kern altijd precies te raken. 
En het gemak waarmee het gaat, zorgt voor een hoop frustratie, maar ook veel 
leermomenten bij diegenen die een stuk bij je inleveren. De rust die jij uitstraalt, geeft 
de perfecte balans in de samenwerking met Martin, waardoor deze thesis in de loop 
van jaren vorm kreeg. Daarnaast pas je een beangstigend accuraat predictiemodel 
toe in het voorspellen wat publiceerbaar is en waar de lacunes van het onderzoek 
zitten, maar ook wat het geslacht van het derde kind zal worden, zo’n 3 jaar voordat 
hij geboren gaat worden! 

Drs. (bijna dr.) A. De Jaegere, lieve Anne. Voor mij ben je al jaren gepromoveerd. 
Jouw passie voor het vak en je oneindige kennis van de medische literatuur en 
pathofysiologie zijn voor mij dé reden geweest om me te subspecialiseren in de 
neonatologie. Dank voor je vertrouwen in mij toen je in 2005 vroeg hoe de afdeling 
om moest gaan met de controverse op het gebied van de glucocorticoïden in de 
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neonatologie. Jij hebt aan de wieg gestaan van dit proefschrift en gezorgd dat het 
volwassen kon worden. Vervolgens zit je rustig in een intercontinentaal vliegtuig, 
krijg je als dank ook nog de vraag van je (onbekende) buurvrouw of je jouw 
“kinderen”, die in de rij ervoor in een kussengevecht zijn verzeild, tot rust wilt 
manen. Maar de “kids” beloven zich voorlopig rustig te houden, dus komt het met 
de laatste loodjes van jouw proefschrift helemaal goed. 

Prof. Dr. R. Soll, dear Roger. It is a tremendous honour to have the Coordinating 
Editor of the Cochrane Neonatal Review Group in the manuscript committee. 
In every brief moment we discussed the work we were doing during conference 
meetings, your directions and cooperation maid this thesis to what it is. I hope 
we fulfilled your statement: “Be rigid!” and hope to learn a lot more on your latest 
statement: “First we learned you meta-analyses and metaregression, now we’re 
gonna teach you diplomacy.”

Prof. Dr. F. Walther, beste Frans. Toen ik in 2004 in jouw kamer zat op zoek naar 
een plek in Los Angeles, heb jij me in contact gebracht met een onderzoeksplaats 
waaruit deze thesis is ontstaan. Toen had ik nooit durven dromen dat jij in mijn 
promotie commissie zou zitten. Hartelijk dank daarvoor.

Prof. Dr. R. Scholten. Hartelijk dank dat u als directeur van de Dutch Cochrane 
Centre zitting wilde nemen in de promotie commissie..Ik kijk ernaar uit om u te 
discussiëren over de resultaten en de implicaties van de thesis.

Prof. Dr. W. van Aalderen, beste Wim. Hartelijk dank voor het beoordelen van deze 
thesis. Jammer dat je niet bij de verdediging kan zijn, maar we zullen elkaar vast en 
zeker nog vaak samenwerken in het AMC.

Prof. Dr. J. van der Post, beste Joris. Jij bent voor mij hét voorbeeld dat er niet zoiets 
bestaat als een neonatoloog of gynaecoloog. We zijn eigenlijk allemaal perinatologen, 
zorgend voor moeder en kind zowel antenataal als postnataal. Deze discipline 
overstijgende visie die zich uit in je voortdurende belangstelling voor het postnatale 
beloop van de pasgeborenen, neem ik graag van je over.

Prof. Dr. K. Moons, beste Carl. Ik ben er trots op te kunnen zeggen dat de 
wereldkampioen predictiemodellen in de commissie zit van “de man van”, zoals 
je het zelf noemt. Elke keer als ik terugkom van een brainstormsessie of lesje 
statistiek vanuit het Juliuscentrum Utrecht voel ik me kleiner dan klein en ben 
altijd ongelofelijk onder de indruk van jullie kenniscentrum. Ik hoop dat we in 
de toekomst nog vaak bij je mogen aankloppen om de predictiemodellen in de 
neonatologie te verbeteren en implementeren. 

188

chapter 10

proefschrift  onland.indb   188 15-9-2011   09:51:54



Dr. F. Cools, beste Filip. Jouw inspanningen en ongekende diplomatie zorgden 
ervoor dat de BPD predictiemodellen konden worden gevalideerd met een in 
de neonatologie ongekende dataset. Deze dataset werd door jou bijeengebracht 
door een collaboratie op te zetten van internationale wetenschappers. Je bent een 
voorbeeld van samenwerking voor de hele wereld. Ik hoop dat de samenwerking 
met de Belgische NICUs nog vele mooie gerandomiseerde studies zullen opleveren, 
met de SToP-BPD studie als het begin.

D. Nuytemans, lieve Debbie. Eindeloos geduld laat je zien in het bedenken, opzetten 
en uitvoeren van multicenter gerandomiseerd onderzoek en dat met een flinke 
dosis Brabantse humor. Ik weet zeker dat we de komende jaren net zoveel lol zullen 
hebben in dit werk als we het afgelopen jaar hadden. Alleen, in die Brabantse 
hoempapa muziek kan ik echt niet meegaan, sorry.

Mijn collega’s van de Intensive Care Neonatologie van het Emma Kinderziekenhuis. 
Dank jullie voor de prettige samenwerking, de klinische begeleiding tijdens de 
opleiding en erna en het corrigeren wanneer deze jonge hond weer eens doordraaft 
over “evidence” based medicine. Beste Joke, jouw begeleiding tijdens mijn opleiding, 
je klinische ervaring en je altijd weloverwogen antwoorden op moeilijke ethische 
kwesties maken het “fellow-zijn” tot een feest. Pieter en Letty, jullie zijn beiden 
mijn mentor geweest tijdens respectievelijk mijn assistentschap en fellow-schap en 
hebben me door beide opleidingen heen geloosd met veel geduld en passie, dank. 
Timo “Daddy Cool” de Haan en Rogier “Prediction Man” de Jonge, dank voor jullie 
reflectie en nimmer uitblijvende enthousiasme over het doen van onderzoek. Succes 
met de “Pharmacool” en Rotterdam, beiden zijn de koning te rijk met jullie. Aleid en 
Loekie, ik hoop dat ik over een aantal jaar nog net zo passievol en “open-minded” 
in de neonatologie sta als jullie. Dank voor jullie input wat betreft de lange termijn 
follow-up items in het onderzoek en de steun in de kliniek. Jullie feedback is van 
essentieel belang voor het doen van onderzoek.
  
Beste mede (ex)-fellows, lieve Inge, Roos, Sabine, Christine, Irene en Henriëtte. Lieve 
dames, onze groep is door de jaren heen bijzonder hecht geworden, getuige de 
jaarlijkse “Fellows Only Day” (FOD). Ik hoop dat we dat nog jaren volhouden. 

Dirk-Jan van Zuidam, beste DJ. Tien jaar geleden zaten we samen in het Alkmaarse 
Moddervrouwtje en ondanks dat we verschillende wegen zijn gegaan, ben ik 
ongelofelijk blij dat we elkaar nog op zo’n regelmatige basis zien. Ik doe alleen nooit 
meer een 48-uurs dienst voor je, is veel te hard werken!

DubDlead, lieve Joris, Sophie, Ilja, Clemens, Tom en Chris. Al bijna 20(!!!) jaar spelen 
we samen in de band, waar ik nog nooit vermoeid van ben thuisgekomen. Sterker 
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nog, een weekend niet repeteren of optreden is vermoeiender. En ook al wordt de 
frequentie lager door de verschillende gezinslevens en dienstenschema’s, ik rij nog 
steeds met heel veel kippenvel en een hoofd vol muziek terug vanuit Nijmegen.

Beste H3-214, lieve Moniek en Martijn. “Desk-top science” zoals in dit proefschrift 
zorgt dan misschien voor een lage belasting voor de patiënten, maar des te meer 
voor je kamergenoten! Moniek, met je nuchterheid en evenwichtige karakter weet 
je me altijd weer “down to earth” te krijgen en de dingen in proportie te zien, ook al 
blijft het me raadsel hoe jij het overzicht houdt met die stapels op je bureau. Op naar 
je eigen onderzoek en PhD! Martijn, er zijn weinig onderzoekers die zo hard voor 
hun promotie hebben gewerkt als jij, maar over één maand is het zover, waarvoor 
hulde. Jouw kennis van de neonatale long is ongekend en ik ben er dan ook trots op 
dat we binnenkort samen boven ons eerste gezamenlijke artikel staan. Dat er nog 
velen mogen volgen! 

Lieve Jo en Niek. Hebben jullie één pet niet opgehad tijdens mijn leven? Die van 
bandlid, huisgenoot, bijna-zwager (in Jo’s geval dan), huisgenoot, kroegbaas/bazin, 
squash-maatje. De belangrijkste vergeet ik: vrienden voor het leven. Er zijn maar 
weinig mensen die je een jaar niet kan zien door een buitenlands verblijf en waarmee 
je daarna zonder problemen in een huis op vakantie kan gaan. 

Lieve opa Cock en oma Jet. Het nummer van Sting “Englishman in New York” begint 
gelijk te spelen in mijn hoofd, maar dan de Nederlandse vertaling “Achterhoeker in 
het Gooi”. Dank voor alle steun wanneer de kinderen opgevangen moeten worden 
en jullie liefde voor mijn gezin.

Lieve Gham en Poet, jullie kracht en liefde voor elkaar is het mooiste wat je je maar 
kan wensen. Mijn hart is bij jullie.

Lieve zus en broertjes, lieve Ellen, Clemens en Thijs. Jammer dat het niet toegestaan 
is om er drie paranimfen op na te houden, maar in gedachte staat de zus tussen mij 
en de broertjes in tijdens de verdediging. Het feit dat we een familieweekend kunnen 
houden zonder één wanklank, betekent toch wel dat we (eindelijk) volwassen zijn 
geworden. Ik ben trots op wat jullie alle drie met jullie leven doen en dat jullie me 
willen bijstaan tijdens de verdediging.

Lieve pa en ma, opa Wes en oma Hetty. Van “hersenloos” naar doctor, het kan 
verkeren. Geen van jullie kinderen was zover gekomen zonder jullie hulp, nachtelijke 
redevoeringen en opvang van de kleinkinderen. Jullie liefde voor muziek en het 
bijbrengen van arbeidsethos zorgde voor een goede mix van ontspanning en “getting 
things done”, maar pa, ga nu eens met pensioen, geniet ervan, je hebt het verdiend!
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Lieve Hannah, Roos en Wesje. Alle drie hebben jullie een liedje als geboortekaartje 
gekregen. En tot op de dag van vandaag kloppen de nummers nog steeds: Hannah, 
als eerste kind kreeg je een nummer van Stevie Wonder “Isn’t she lovely”. En de titel 
staat op je voorhoofd geschreven. Je krijgt er alleen een nummer bij, namelijk”Groot 
Hart” van De Dijk. Ik ken geen kind met een groter empathisch vermogen dan jij! 
Roos, achter jouw naam staat een grandioos nummer “Your Precious Love” van Al 
Jarreau en Randy Crawford met de beginzin: “Everyday there’s something new…”, 
zo onbevangen als jij in het leven staat, hou dat vol! En Wesje: als laatste in het gezin: 
“It’s a beautiful day” van Gare du Nord. Je maakt het gezin compleet met je humor 
en je enorme hoge knuffelfactor. Elke ochtend met jullie is mooi.

Lieve Lot, ik weet niet waar ik moet beginnen, moeder van 3 prachtkinderen, 
echtgenote, gedreven epidemiologe, maar vooral “soulmate”. Jij hebt het meest 
geleden onder dit proefschrift. Is je man eindelijk thuis om nog net even een 
verhaaltje voor te lezen en de kinderen welterusten te wensen, gaat die laptop 
alweer open en is hij niet meer te bereiken. Probeer je hem een verhaal te vertellen 
over wat er die dag is gebeurd, weet hij zich geen woord te herinneren de volgende 
dag. Al bijna 20 jaar samen en ik denk dat jij de eerste 15 jaar niet kon bevroeden dat 
dit zou gaan gebeuren, ikzelf ook niet overigens. Als rasechte wetenschapper heb je 
langzaam het onderzoeksvirus geïmplanteerd en deze workaholic gecreëerd, maar 
met name alles in het werk gesteld om dit mogelijk te maken. Als jij als stimulerende 
factor niet achter me had gestaan, was dit proefschrift er niet geweest. Ik hou van je. 
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Wes Onland was born on June 21st, 1973 in Winterswijk, the Netherlands. After 
graduating high school (VWO, Marianum Groenlo) in 1991, he started medical school 
at the Radboud University Nijmegen. He graduated as a medical doctor in 1999. 
After internships at Asaf Harofeh (Israël), Sengerema (Tanzania) and residencies in 
several pediatric departments in the Netherlands, he started his official pediatric 
training in 2002 at the Emma Children’s Hospital of the Academic Medical Center 
(AMC) in Amsterdam (head: Prof. Dr. H.S.A. Heijmans), of which he spent one year 
at the Children’s Hospital Los Angeles for research (supervisor: Dr. W.Y. Wong). He 
finished his training in 2008. He remained working at the Emma Children’s Hospital 
at the AMC after his degree in order to subspecialize in Neonatology (head: Prof. 
dr. J.H. Kok). During this same period he started working on the research that is 
described in this thesis (supervisors: Prof. dr. M. Offringa and Dr. A. van Kaam). He 
was officially registered as a neonatologist in 2011, after which he joined the medical 
staff of the department of Neonatology in the Emma Children’s Hospital AMC in 
Amsterdam.
Wes is married to Charlotte Onland-Moret and they have three children, Hannah, 
Roos and Wesje. They live in a small town called Hoogland, nearby Amersfoort. 
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