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Antenatal corticosteroid therapy prior to preterm birth remains one
of the most important interventions for improving survival and redu-
cing morbidity in preterm babies, and is a rare example of a treatment
that not only saves babies' lives and but also reduces health care costs
[1]. While initially given to prevent respiratory distress syndrome,
antenatal corticosteroids (ACS) induce maturation across a range of
fetal tissues and thus have been shown to reduce many of the other
major morbidities associated with preterm birth [2]. Postnatally, cor-
ticosteroids remain a key adjunctive therapy for treatment of severe
neonatal lung disease and have been used in prevention of broncho-
pulmonary dysplasia (BPD), a form of chronic neonatal pulmonary in-
sufficiency associated with long-term respiratory and neurological se-
quelae [3].

Since the introduction of corticosteroids as both fetal and neonatal
therapy, uptake and use in the perinatal period has changed dramati-
cally over the decades. Following observations of corticosteroid-in-
duced pulmonary maturation in fetal rabbits [4] and then in lambs [5],
the first clinical trial of antenatal betamethasone for preterm birth was
commenced in Auckland in 1969 and enrolled 1142 women through to
1974. As cogently illustrated in the Cochrane logo [6], the Auckland
Steroid Trial produced estimates of treatment effect almost identical to
that seen in subsequent meta-analyses, including in the most recent
review of over 25 trials across four decades [2,7]. Although initially
met with scepticism, the results of this and other important trials
eventually led the National Institutes of Health (NIH) to recommend
routine use of ACS for preterm birth in 1994 [1]. Not only did this see a
dramatic increase in the use of this therapy but many jurisdictions also
rapidly embraced use of repeat doses of antenatal corticosteroids, de-
spite lack of evidence of efficacy or safety. This practice had already
begun in New Zealand and Australia [8], and parts of the United
Kingdom [9] based on a post hoc subgroup analysis of data from the
Auckland Steroid Trial that showed that preterm babies born more than
seven days after corticosteroid exposure appeared to have an increased
incidence of respiratory distress syndrome [7]. This finding was not
confirmed in subsequent analyses or other trials, illustrating the need
for caution when interpreting subgroup analyses [10].

With the emergence of the developmental origins of disease para-
digm in the 1990s [11] and the recognition that fetal over-exposure to
maternal corticosteroids may play a role in mediating lifetime risk of
metabolic disease [12], in 2000, the NIH discouraged use of repeat ACS
pending further data from clinical trials [13]. That evidence emerged
over the subsequent decade, and showed that the absolute benefit of
repeat dose(s) of ACS for neonatal respiratory morbidity was similar to
that of an initial course, with additional reduction in other serious
morbidity [14,15]. Despite reassuring outcome data from adult subjects
in the Auckland Steroid Trial [16–19], and absence of any adverse
neurocognitive or cardiometabolic effects at 6–8 years in children ex-
posed to repeat antenatal betamethasone [20–22], with potential ad-
ditional benefits in fetal growth restriction [23,24], clinical practice
regarding ACS, especially repeat administration, has remained con-
servative. In Australia and New Zealand, where use of repeat ACS was
once almost universal, a quarter of obstetricians still report that they
never use this therapy [25]. However, 52% report using antenatal
corticosteroids at 35–36 weeks' gestation and 79% report using them
prior to term elective section, despite safety concerns and lack of high-
quality long-term outcome data for these indications [25].

There have been similar pendulum swings in use of postnatal cor-
ticosteroids (PCS) since their introduction in the 1980s to combat
ventilator-induced lung injury and evolving BPD. With evidence of ef-
ficacy from several small trials [26,27], PCS therapy was widely
adopted into neonatal practice, initially for treatment of ventilator-
dependent lung disease and subsequently for prophylaxis of BPD, again
in the absence of long-term safety data. When those data eventually
emerged, it became apparent that the short-term respiratory benefits of
postnatal corticosteroids may be off-set by increased risk of neurolo-
gical impairment, especially motor difficulties [28,29], although earlier
studies in non-human primates had already identified the potential for
adverse effects on brain development [30,31]. By the 2000s, the tide of
opinion had turned and neonatologists started to avoid PCS, except in
babies with prolonged ventilator dependence, such that important trials
of targeted low-dose therapy were unable to complete recruitment [32].

Within a little more than a decade, contemporary practice has come
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full circle with trialists again focusing on alternative ways to harness
the benefits of PCS for BPD prevention and increasing neonatal sur-
vival, while minimising harms. This has been driven by international
trends of increasing BPD rates, when other neonatal morbidities are
decreasing [33], and recognition that neurological outcome represents
a complex trade-off between exposure and underlying risks [34]. Si-
milarly, obstetric practice has seen renewed emphasis on extending ACS
use to late preterm and term birth (elective caesarean, infants of dia-
betics), even though treatment for the highest risk infants – single
courses≤24 weeks' gestation and repeat dose(s) < 32 weeks' – is often
underutilised. One might consider that history is repeating itself, with
introduction of therapy prior to adequate assessment of long-term
outcomes and potential trade-offs.

The main glucocorticoid drugs used in perinatal practice - beta-
methasone and dexamethasone - were introduced more than 60 years
ago, and there have been few changes to antenatal dosage, formulation
or timing since the first clinical trials. Recent ovine studies suggest that
lower doses may be equally effective while minimising fetal exposure
[35,36]. In humans, genetic polymorphisms in steroid pathways appear
to influence ACS efficacy, suggesting that individual optimisation of
dose may be possible [37]. Moreover, alternative glucocorticoid re-
ceptor ligands, known as selective glucocorticoid receptor modulators,
with varying degrees of transactivation (targeted gene expression) are
now available and are entering phase two trials in adults [38]. Theses
agents have the potential to provide novel therapeutic options for
preterm birth and neonatal lung disease, but are yet to be studied in the
fetus and neonate.

Given the cost of large multicentre trials and the importance of
following children at least to school-age in order to fully assess the
impact of perinatal corticosteroid interventions, a key challenge for
future research will be to decide whether alternative pharmacological
strategies offer the potential for a benefit to risk profile than is sub-
stantially better than is already available with current regimens.
Thorough assessment in adequately powered trials is essential as ap-
parently small changes in drug regimen may have clinically significant
effects. For example, changing from 12- to 24-hourly dosing of beta-
methasone was associated with a higher rate of necrotising enterocolitis
[39], and use of dexamethasone rather than betamethasone in ex-
tremely preterm infants may decrease rates of neurosensory impair-
ment, although final results from the A*STEROID trial are awaited
[40,41].

Traditionally, ACS have been thought to target lung immaturity
while PCS target lung inflammation. However, these processes coincide
during the perinatal period, especially with preterm birth. For example,
intrauterine inflammation plays a key role in onset of preterm labour
and preterm premature rupture of membranes, while postnatal arrest of
pulmonary maturation remains central to the development of BPD,
along with lung injury and inflammation [42]. There is increasing
evidence that antenatally, corticosteroids modulate the effects of in-
trauterine inflammation on lung and brain development [43,44],
though timing may be important [45]. Further, ACS have been shown
to reduce lung injury following resuscitation at birth [46]. Conversely,
in the early postnatal period, corticosteroids may have a role not just in
reducing inflammation but also in supporting ongoing lung develop-
ment [47,48]. Similarly, both ACS and PCS facilitate cardiovascular
transition by promoting closure of the ductus arteriosus [14,49].

Thus, ACS and PCS may be better thought of as complimentary
perinatal therapies targeting different aspects of the transition from
prenatal to postnatal life in the preterm fetus. Normally at term, acti-
vation of the fetal adrenal gland plays a key role in coordinating this
transition. Rising circulating cortisol concentrations promote wide-
spread differentiation of tissues [50], preparing the fetus for extra-
uterine life, and further increases in cortisol during labor and birth
support postnatal transition [51]. This late gestation fetal cortisol surge
also contributes to several feed-forward loops that ultimately lead to
myometrial prostaglandin synthesis and onset of labour, thereby

achieving synchrony between fetal maturation and parturition [52]. In
preterm birth, these processes are disrupted and the fetus and preterm
neonate may be affected not only by pathological processes associated
with inflammation but also immaturity of the adrenal gland. ACS and
PCS therapies may both have a role in addressing these perturbations.

The aim of this special edition is to consider collectively current
issues in the use of ACS and PCS, in the hope that insights from one
therapy may inform the other. We are delighted to have contributions
from leading international experts in the field, who have provided state-
of-the-art reviews regarding corticosteroid biology and mechanisms
[53] optimisation of ACS therapy [54], obstetric controversies in ACS
[55]; ACS use after 34 weeks' gestation [56]; early prophylactic PCS
with hydrocortisone [57,58]; and inhaled, nebulized and intratracheal
PCS [59]. Chapter 8 summaries current knowledge gaps and research
priorities [60].

Regardless of whether they are administered before or after birth,
optimal use of corticosteroids across the perinatal period requires
careful consideration of data from basic science and randomized trials,
and clinical judgement as to the appropriate balance of short and long-
term benefits and risks. We hope that this edition will assist readers in
achieving this goal.
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