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This review examines the risk/benefit ratio of postnatal
steroid treatment in preterm infants and correlates
epidemiological data with experimental evidence on the
effect of glucocorticosteroids on brain development.
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I
n 1972, Liggins and Howie1 reported the first
study showing the value of prenatal steroids
given to mothers at risk of preterm delivery.

Subsequently, many randomised trials confirmed
that prenatal steroids reduce mortality and the
incidence of respiratory distress syndrome and
intraventricular haemorrhage in premature
infants.2–5 These findings led the National
Institutes of Health to recommend routine
prenatal administration of steroids between 24
and 34 weeks gestation when there is a risk of
preterm delivery.3

On the other hand, the first study of postnatal
steroid treatment in preterm infants was pub-
lished as early as 1956 and evaluated the effects
on respiratory distress syndrome in neonates
born to diabetic mothers.6 The first controlled
study, reported by Baden et al in 1972, compared
hydrocortisone with a placebo given at admission
and 12 hours later in 44 premature infants with
respiratory distress syndrome.7 No significant
benefits were found in the steroid treated
infants. In the 1980s and early 1990s, several
controlled studies indicated that postnatal ster-
oid treatment was associated with shorter times
on oxygen and mechanical ventilation, and as a
result this treatment gained widespread accep-
tance. Most of these controlled studies used
intravenous dexamethasone and measured the
incidence and severity of chronic lung disease in
low birthweight infants as the primary outcome
variables.8–11 Controversy about the extensive use
of postnatal steroid treatment has arisen recently
in response to reports of adverse effects, mainly
on the central nervous system. This review
examines the risk/benefit ratio of postnatal
steroid treatment in preterm infants and corre-
lates epidemiological data with experimental
evidence on the impact of steroids on brain
development.

CLINICAL AND EPIDEMIOLOGICAL
CONSIDERATIONS
During the last decade, improvements in neona-
tal intensive care and pregnancy management
have substantially increased survival rates in the
most immature infants. Nevertheless, prematur-
ity remains a crucial public health issue because
of the high risk of complications capable of
causing death or permanent disability. These
complications target primarily the central ner-

vous system and lungs. In a very large prospec-
tive cohort of infants born before 32 weeks
gestation, 27% of infants had intraventricular
haemorrhage of any grade and 7% of the most
severe grades, 5% had periventricular leuco-
malacia (PVL), and nearly 21% had white matter
disease, which led to cerebral palsy in 9.3% of the
cohort at 2 years of age.12 Chronic lung disease,
the most common form of respiratory disease in
very immature infants, is present in over 70% of
28 day old infants born before 28 completed
weeks gestation. In two studies conducted in
North America in the 1990s, 23–26% of very low
birthweight infants had chronic lung disease at
term.13 14 Bronchopulmonary dysplasia is related
chiefly to inflammatory disease of the premature
lungs. As suggested by Jobe and Ikegami,15

chronic lung disease develops in response to
injury from mechanical ventilation and supple-
mental oxygen. Early lung inflammation in
infants with bronchopulmonary dysplasia has
been ascribed to these factors. In addition,
cytokine release into the amniotic fluid leads to
an inflammatory response in the fetus, the fetal
inflammatory response syndrome, which pre-
dominantly involves the lungs and brain,
increasing the risk of white matter damage.
After birth, steroids are mainly used to prevent
inflammation caused by intrauterine infection.
Postnatal steroid treatment was first recom-
mended to prevent or treat bronchopulmonary
dysplasia and used to treat haemodynamic fail-
ure, to good effect. Currently, three regimens are
used: (a) early treatment, during the first
96 hours after birth, followed by rapid disconti-
nuation; (b) moderately early treatment, bet-
ween postnatal days 7 and 14, followed by dose
tapering; (c) delayed treatment, given after
3 weeks of age, usually in patients receiving
assisted ventilation.

From Cochrane meta-analyses, figs 1 and 2
summarise the risk/benefit ratio of postnatal
steroid treatment according to the treatment
regimen.16–18 With all regimens, steroid treatment
consistently reduced the need for assisted venti-
lation at 28 days of postnatal age or at term. In
contrast, neither of the two early regimens
decreased the need for oxygen at term, and no
studies found a reduction in neonatal mortality.
The respiratory benefits documented in these
studies should be weighed against the well
known or possible adverse effects.
Hyperglycaemia and hypertension are treatable
complications of steroid treatment. However,
intestinal tract complications including gastro-
intestinal bleeding and perforation can cause
death.19 The main adverse effect with the early
regimen is an increased risk of cerebral palsy,
which is sometimes also observed with the
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delayed regimen.20–25 In controlled and open studies, brain
lesions and cerebral palsy were more common after early
dexamethasone treatment. Although the most recent studies
found no additional physical or neurodevelopmental impair-
ments at 3 years of age in patients given early or moderately
early dexamethasone treatment,26 27 the small sample sizes
and suboptimal study design invite caution when interpret-
ing these results. The only behavioural study of spontaneous
motility in neonates found that dexamethasone treatment
was associated with reduced motility and changes in the
speed and amplitude of general movements, and that these
effects correlated with the severity of brain lesions and
subsequent occurrence of cerebral palsy.28

BRAIN MAGNETIC RESONANCE IMAGING,
PREMATURITY, AND POSTNATAL STEROIDS
The incidences of both respiratory distress syndrome and
intraventricular haemorrhage have decreased substantially,
leaving prevention of white matter damage among the
greatest challenges faced by perinatologists. The cystic form
of PVL is the leading cause of cerebral palsy in children
surviving preterm birth, with a rate of 5–15% among infants
born before 32 weeks gestation.29 In extremely preterm

infants imaged at term, PVL was associated with decreases
in cortical grey matter volume, cortical surface area, and
cerebral cortex complexity.30 These findings are of special
interest because they provide the first incontrovertible
evidence that white matter damage can interfere with grey
matter development and probably with neurogenesis.
Similarly, Murphy et al31 used three dimensional magnetic
resonance imaging to quantify at term the influence of
postnatal systemic dexamethasone treatment on brain
growth and development in infants without evidence of
white matter injury or intraventricular haemorrhage.
Together with an additional report,32 these data suggest that
steroid induced impairment of brain growth may primarily
affect the cortical grey matter and may spare the white
matter and basal ganglia. In keeping with this finding,
repeated prenatal steroid treatment was associated with a
decrease in brain surface area and in the whole cortex
convolution index, which is used to measure cortical surface
complexity.33 Similarly, in 1968, Howard34 reported that
corticosterone given to mice between 2 and 14 days of age
interfered with synthesis of DNA, RNA, and protein in the
brain and produced irreversible reductions in brain size,
weight, and cell numbers that persisted throughout most of

Figure 1 Main benefits of postnatal steroid treatment in preterm infants according to the regimen used.16–18 E, Early regimen (, 96 h of life); M,
moderately early regimen (7–14 days of life); D, delayed regimen (. 3 weeks of life); CLD, chronic lung disease; FEd28, failure to extubate at day 28;
O2, oxygen at home.

Figure 2 Main adverse effects of postnatal steroid treatment in preterm infants according to the regimen used.16–18 E, Early regimen (, 96 h of life);
M, moderately early regimen (7–14 days of life); D, delayed regimen (. 3 weeks of life); HG, hyperglycaemia; SI, secondary infection; HT, arterial
hypertension; IB, intestinal bleeding; CP, cerebral palsy.
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the life span. Although neurones in most areas of the human
brain stop dividing by the third trimester, neurones in the
hippocampal dentate gyrus continue to divide long after term
and therefore remain vulnerable to adverse influences. The
mechanisms by which steroids reduce brain growth remain
unclear but probably include inhibition of growth factors and
facilitation of apoptosis.35

EXPERIMENTAL STUDIES
There is growing evidence from experimental animal studies
that steroids can adversely affect the growth and develop-
ment of the immature brain. In general, the sequence of
brain growth events is very similar in laboratory animals and
humans, although the timing differs widely. Moreover,
rodent and human neurones share the same composition
and electrical properties. In humans, except in the cerebellum
and dentate gyrus, neuronal division is completed before the
22nd week of gestation, and subsequent cell division in the
brain involves only the glia, most notably the oligodendro-
glial cells. A 7 day old rat is roughly equivalent to a full term
human infant in terms of brain growth, periventricular
germinal matrix, neurochemistry, and synapse formation.36 A
1 day old rat corresponds to a human fetus with a gestational
age of about 22–24 weeks.

Postnatal steroids and pathogenesis of PVL
PVL, the major pathological correlate of cerebral palsy in
premature infants, appears to result from a combination of
several events:

N Inflammation caused by fetal or neonatal infection. The
risk factors for PVL point to a major role for cytokines
in the development of white matter damage.37 38

Thus, cytokine production was shown to correlate with
premature rupture of the membranes and chorio-
amnionitis, two of the main risk factors of PVL.39

Moreover, in a large epidemiological study, Nelson et al40

reported a striking association between circulating cyto-
kine increase in the perinatal period and cerebral palsy at
full term.

N Hypoxia-ischaemia during the perinatal period. The
chronic myelination disturbance resulting from PVL
suggests a pathogenic role for oligodendrocytes.
Moreover, maturation dependent vulnerability of oligo-
dendrocytes to hypoxia-ischaemia and subsequent oxida-
tive stress has been shown.41 42

N Growth factor deficiencies, which vary with the develop-
mental stage of the fetal brain. The role for this factor
supports the concept of a continuum from early diffuse to
late focal white matter damage.41

N Potential iatrogenic insults during neonatal manage-
ment.23

Of these factors involved in development of white matter
damage, there is strong evidence that steroids affect brain
responses to hypoxia-ischaemia, although the results are
conflicting. Deleterious effects of steroids include:

N decreased survival after prenatal dexamethasone treat-
ment among 1 day old rats breathing 5% O2

43

N exacerbation of neuronal and astroglial injury induced by
hypoxia or hypoglycaemia in fetal rat hippocampal cell
cultures exposed to corticosterone44

N decrease in the number of surviving motor neurones after
nerve transaction45

N increased ischaemic brain damage after carotid artery
occlusion46

In contrast, protective effects have been also reported:

N decrease in brain injury when dexamethasone was given
before unilateral carotid occlusion in a hypoxia model in
7 day old rats47

N dexamethasone pretreatment of fetal rat cells from the
basal forebrain cultured in an environment deprived of
oxygen and glucose resulted in a dose dependent increase
in cell damage, whereas continuous exposure to dexa-
methasone before, during, and after the insult was
protective48

N neuroprotective effects of betamethasone or dexametha-
sone after excitotoxin administration.49

At the molecular level, release of excitatory amino acids in
response to hypoxia-ischaemia or inflammation leads to
neuronal cell death through interaction with the NMDA
glutamate receptor. Prenatal or postnatal steroid treatment
alters the properties of NMDA glutamate receptors. Whereas
dexamethasone treatment had no effect on NMDA affinity
for MK-801 in fetuses or adults, a significant 20% decrease
was noted in newborn lambs, suggesting that dexametha-
sone may modify NMDA receptor properties only during a
specific period of brain development.50

The developing white matter has a window of sensitivity to
excitotoxic damage in mice, which coincides with transient
NMDA receptor expression by white matter cells.51 52

Microglia modulation may also be an interesting target for
PVL prevention and, in theory, the anti inflammatory effects
of dexamethasone treatment should diminish the brain
damage associated with fetal inflammatory response syn-
drome. However, no such effect has been shown with non-
steroidal anti-inflammatory drugs or steroids.

Postnatal steroids and neuronal maturation
Regarding the impact of steroids on neurogenesis, Schwab et
al53 showed that betamethasone treatment in sheep reduced
the concentrations of microtubule associated proteins, which
are involved in neuronal maturation during late neurogen-
esis. This reduction in expression of microtubule associated
proteins was associated with a significant decrease in
regional cerebral blood flow in the frontal cortex and caudate
putamen, without detectable histological brain damage.

In addition, steroid treatment during critical periods of
brain development may impair myelination and brain cell
division, resulting in longer term behavioural effects.54 Single
doses of dexamethasone given to rats on postnatal day 4 or 7
were associated with subsequent behavioural disturbances,
reduced cerebellar weight, and impairments in spatial
learning and motor coordination.55

A single study using a murine model of tapering
dexamethasone treatment in the neonatal period has been
reported to date.56 Dexamethasone treated animals exposed
to tapering doses of dexamethasone exhibited delays in gross
neurological development on postnatal days 7 and 14 but not
20. In late adolescence (day 33), dexamethasone treated
animals were less active in light and dark environments, in
keeping with the increased risk for learning impairment and
maladaptive responses to the environment in children with
prematurity related white matter damage. Postnatal steroid
treatment was also associated with a significant increase in
the number of GABAergic neurones in the mouse cerebral
cortex, whereas no changes occurred in the expression of
other markers of neuronal differentiation (unpublished
observations). These findings are consistent with another
study showing complex alterations in the levels of GAD65
and GAD67 gene transcription in the hippocampus.57 In rats,
repeated dexamethasone injections during the second week
of life also enhanced the maturation of postnatal cholinergic
neurones by increasing nerve growth factor concentrations.58

Thus, alterations in neuronal maturation may account in part
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for the adverse neurodevelopmental effects of postnatal
dexamethasone treatment in premature infants.

A role for sulphiting preservatives
Even if a growing body of experimental data suggests that
steroids may alter late neurogenesis and neuronal matura-
tion, a crucial question is whether the dexamethasone
molecule itself is the culprit. This question was raised when
a study suggested that dexamethasone and betamethasone
differed in their ability to protect against white matter
damage in very premature infants treated prenatally.59

Postnatally, dexamethasone is the only steroid used to
prevent chronic lung disease in most published trials,
precluding comparisons across steroid preparations.
Injectable preparations of dexamethasone usually contain
sulphites, whereas injectable betamethasone does not.
Sulphites are neurotoxic in vitro, and this effect is
exacerbated by the presence of peroxynitrite produced in
response to hypoxia-ischaemia or inflammation. Sulphites
have excitotoxic-like properties and may play a key
role potentially related to postnatal steroid neurological
toxicity. Indeed, in a recent study, the combination of
dexamethasone and sulphites was toxic to neuronal
cultures, whereas the dexamethasone molecule itself was
not.60

AN ALTERNATIVE TO POSTNATAL
DEXAMETHASONE
Two other glucocorticoid molecules have been evaluated
recently as alternatives to fluorinated glucocorticoids.
Watterberg et al61 conducted a randomised, double
masked, placebo controlled pilot study to test whether
low dose hydrocortisone for 12 days begun within
48 hours of birth increased survival in extremely pre-
mature infants without chronic lung disease.
Hydrocortisone treated infants were more likely to achieve
the primary outcome criterion, namely, survival without
supplemental oxygen at term. The benefit was particularly
pronounced in infants born from pregnancies complicated by
chorioamnionitis, the main risk factor for both chronic lung
disease and PVL.

Another glucocorticoid, methylprednisolone, has been
evaluated in very preterm infants at risk of chronic lung
disease, in comparison with 45 consecutive historical cases of
infants treated with dexamethasone.62 The methylpredniso-
lone treated infants showed faster gain in body weight during
the treatment period than the dexamethasone treated
infants. Methylprednisolone was as effective as dexametha-
sone and had fewer side effects. However, randomised
control trials are needed to further study the efficacy and
safety of these two steroids.

To conclude, early use of dexamethasone should especially
be avoided for postnatal steroid treatment in premature
infants. Until larger randomised trials are available, treat-
ment with physiological doses of hydrocortisone may be
appropriate in patients with haemodynamic failure. As
betamethasone is a largely untested drug in the newborn, it
cannot be recommended, even in a short course, for
ventilated infants who are unstable, except within the
context of a randomised controlled trial. Inhaled steroids
administered for one to four weeks were safe and improved
the ability to extubate premature infants, but no clear
conclusion could be derived from available controlled trials
in non-ventilated infants.63 The experience acquired with
dexamethasone teaches a lesson in evidence based practice.
Most treatments used in neonates are still largely investiga-
tional and therefore in need of well designed studies with
long term follow ups.
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