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Abstract The aim of the aborted trial was to determine
whether the short early dexamethasone (DX) given after
the birth improves the early outcome. We also reviewed
the evidence (meta-analysis) to determine whether the
duration of early DX treatment influences the early
outcome, particularly in terms of bronchopulmonary
dysplasia (BPD). The participants of the randomised
multicentre, double-blinded placebo-controlled trial had
a birth weight 500–999 g, gestation £ 31.0 weeks, and
respiratory failure by the age of 4 h. The infants received
either four doses of DX (0.25 mg/kg at 12 h intervals) or

placebo. The meta-analysis was performed to determine
the beneficial and adverse effects of early short (<96 h
duration) versus early prolonged (>96 h) DX treat-
ment. The trial was discontinued after 109 infants had
been enrolled. There was a non-significant improvement
in the outcome (survival without BPD, severe intracra-
nial haemorrhage or periventricular leukomalacia; RR
1.27; 95% CI 0.87–1.85). The risks for gastrointestinal
perforation and hyperglycaemia tended to increase. A
total of 15 trials were included in the meta-analysis: 10
involved prolonged (i.e. >96 h; 1594 infants) and five
short interventions (1069 infants). Early prolonged DX
decreased the RR for BPD to 0.72 (95% CI 0.61–0.87),
whereas early short DX course did not significantly de-
crease the risk (RR 0.82; 95% CI 0.64–1.05). Gastroin-
testinal haemorrhages and perforations were
significantly increased only in the early prolonged DX
group. Conclusion: The dosage and duration of early
corticosteroid given to small premature infants influ-
ences the risk of the side-effects and the early outcome.
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Abbreviations BPD: bronchopulmonary dysplasia Æ CI:
confidence interval Æ DX: dexamethasone Æ ELBW:
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intracranial haemorrhage Æ NEC: necrotising
enterocolitis Æ PDA: patent ductus arteriosus Æ PVL:
periventricular leukomalacia Æ RDS: respiratory distress
syndrome Æ ROP: retinopathy of prematurity Æ RR:
relative risk

Introduction

Despite the advances in treatment of extremely low
birth weight (ELBW) infants, bronchopulmonary
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dysplasia (BPD) continues to be a serious problem
associated with re-hospitalisation and adverse neuro-
developmental outcome [31,41]. The degree of prema-
turity, the severity of respiratory distress syndrome
(RDS), the need for mechanical ventilation, pre- and
postnatal infections and persistent ductus arteriosus
(PDA) are factors associated with BPD [4, 26,35].
According to randomised studies, dexamethasone (DX)
treatment decreases the duration of mechanical venti-
lation and supplemental oxygen in very premature in-
fants with respiratory failure [7, 13, 14, 15, 16, 19, 28,
30, 34, 40, 44,45]. Early DX treatment started before 3
days of age has been shown to decrease the incidence of
BPD in small preterm infants [7, 10, 15, 28,45]. Meta-
analyses of early (<96 h), moderately early (<7–14
days) and delayed corticosteroids show a decreased risk
for BPD regardless of the onset of DX [14, 15,16].
Despite the favourable effect on BPD, DX given to
premature infants has been associated with side-effects
including hyperglycaemia, hypertension, cardiac hyper-
trophy, infections, suppression of cortisol secretion,
gastrointestinal bleeding and perforation, impaired so-
matic and brain growth, and periventricular leukomal-
acia (PVL) [10, 14, 15, 16, 20, 23, 43,45]. Follow-up
studies revealed more developmental problems such as
impairment of neuromotor function and an increased
risk of cerebral palsy, among children in the DX arm
[24, 33,46]. The crucial issue is to find out whether the
favourable respiratory outcome can be achieved with-
out serious side-effects.

Based on a non-randomised pilot study done at Oulu
University Hospital, we performed a randomised, pla-
cebo-controlled multicentre study on short early DX
treatment beginning 6 h after birth and lasting for 2
days. The plan was to evaluate whether the treatment
increases the survival without BPD, PVL, or severe
intracranial haemorrhage (ICH). The study enrollment
was discontinued early (February 2001), after serious
adverse effects had been reported by others. In order to
analyse the possible influence of the duration of very
early DX on the outcome, a meta-analysis was per-
formed.

Subjects and methods

Study population

The study was a randomised, placebo-controlled trial
involving six neonatal units. The study protocol was
approved by the ethics committees of all the partici-
pating hospitals. Written informed consent was obtained
from the parents before enrolment. The entry criteria for
the eligible infants were: birth weight 500–999 g, gesta-
tion £ 31.0 weeks, need for mechanical ventilation and
supplemental oxygen by the age of 4 h and no life-
threatening congenital anomalies or known chromo-
somal anomaly.

Randomisation and intervention

Randomisation and preparation of the coded vials was
performed blindly by the study investigators in the
pharmacy of the coordinating centre. The infants were
stratified into two weight groups (500–749 g and 750–
999 g). They received from identical vials either four
doses of DX (0.25 mg/kg) each at 12 h intervals or
normal saline as placebo. The first dose was given before
the age of 6 h. Open-label postnatal DX was allowed
when deemed necessary according to the attending
physician, but its use was discouraged. Any use of glu-
cocorticoid therapy during hospitalisation was recorded.
Intention to treat analysis was performed.

Outcome

The primary outcome was survival at 36 weeks post
conception without ICH, grade 3–4 [25], PVL or BPD.
PVL was defined as the presence of periventricular
echodensities after the 1st week or periventricular cysts
on a cranial ultrasound [9]. BPD was diagnosed as
requirement for supplemental oxygen consistent with
signs of respiratory disease at 36 weeks’ gestation.

Secondary outcomes were clinical status and growth
at 7 and 28 days and at 36 weeks post conception, the
number of days on assisted ventilation and supplemental
oxygen, and treatment with open steroids. Nosocomial
infection was defined as a positive blood or CSF culture
or a strong suspicion with clinical deterioration and in-
creased infection markers (C-reactive protein, leuco-
cytes) after day 3 of life. Hyperglycaemia and hypo- or
hypertension requiring therapy according to criteria in
each centre, retinopathy of prematurity (ROP) [1], pat-
ent ductus arteriosus (PDA) detected by cardiac ultra-
sound and requiring medical or surgical therapy, and
gastrointestinal bleeding, and gastrointestinal perfora-
tions were recorded. Necrotising enterocolitis (NEC)
was defined according to the criteria of Bell et al. [5].

Cranial ultrasound examination was conducted on all
infants between the days 4 to 8, at 36 weeks of gestation,
and otherwise as necessary. Ophthalmic examination
was performed 4 to 7 weeks after birth or at 32 weeks’
postmenstrual age. Ophthalmic examination was re-
peated until retinas were mature, and the highest stage
of retinopathy was reported. To analyse the growth,
z scores (standard deviation score; (measurement of
growth parameter minus population mean)/population
standard deviation) were computed for weight, length,
and head circumference using a reference for intrauter-
ine growth [27].

Meta-analysis

The relevant articles were identified by searching for
randomised, controlled studies from the MEDLINE and
Cochrane databases, including the Controlled Trials
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Register. The search terms were: steroids and preterm
infants or dexamethasone and BPD, or CLD and
dexamethasone limited to children aged <23 months.
We searched for additional studies manually from the
proceedings of American Pediatric Society/Society of
Pediatric Research during years 2000–2003 and articles
recently published in Pediatrics, The Journal of Pedia-
trics, European Journal of Pediatrics, Acta Pediatrica,
Archives of Disease of Children and Pediatric Pulmo-
nology, and from the reference lists of the publications.

We evaluated the randomised, placebo-controlled,
blinded trials on premature infants with birth weight
£ 2000 g given DX treatment or placebo initiated within
3 days after birth. The purpose of our study was to
determine whether the use of very early DX therapy is
beneficial in preventing BPD and death in premature
infants and, on the other hand, whether the duration of
DX therapy influences the outcome or the adverse ef-
fects.

The primary outcomes were mortality and BPD.
BPD was defined as need for oxygen at 36 weeks post
conceptional age. The secondary outcomes included
ICH, PDA, PVL, and ROP. Finally, the incidence of
reported complications was analysed. These included
gastrointestinal complications, NEC, infection defined
as typical signs and positive blood culture, and hyper-
glycaemia requiring insulin treatment. We were not able
to verify the incidence of hypertension or hypotension
because these outcomes were not reported in most
studies, and the criteria of hypertension and the indi-
cations for antihypertensive treatment varied widely or
were not identified.

The selection of articles for analyses and data
extraction were performed by one author (O.P.) and
independently verified by another investigator (M.H.).
When further information was needed, the principal
investigators of included studies were contacted. When
the data were not available, the study was excluded from
the meta-analysis of secondary outcomes.

Statistical analysis

Randomised trial

Sample size justification was based on data from the
Vermont-Oxford Neonatal Network database and on
data from an unpublished Finnish pilot study performed
at Oulu University Hospital. According to prospective
analyses of the non-randomised data from Oulu, Fin-
land, early DX would increase the percentage of good
outcomes from 40% to 65%. The present study was
powered to show evidence of the improvement of the
outcome from 45% to 65% among all infants. Given the
errors (a=0.05 and b=0.2), 96 patients in each group
would be required. Baseline data for the infants enrolled
in the study were compared by unpaired t-tests for
continuous variables and by chi-squared tests for
categorical data. In outcome analysis, we calculated the

relative risks (RR) with 95% confidence intervals (CI)
and also compared the differences by chi-squared tests
for categorical data. The single continuous variables
were compared by unpaired t-tests between the two
groups and the repeated measurements were analysed by
the repeated measurements of ANOVA and by using
summary measures [22]. Statistical analyses were per-
formed using SPSS 11.5 for Windows (SPSS Inc, Chi-
cago).

Meta-analysis

The pooled risk ratios for event reduction with 95% CI
for the outcome were calculated using the random effect
model (Mantel-Haenszel). The testing of within-study
and between-studies variability was included in the
analysis. The data were analysed using Comprehensive
Meta-Analysis, version 1.0.25 (BioStat).

Results

Randomised trial

Patient population

During the study period from June 1998 to February
2001, altogether 109 infants were enrolled, 53 in the DX
group and 56 in the placebo group. The Safety Moni-
toring Committee recommended the continuation of the
trial after recruitment of 96 infants as no difference in
early adverse events between the study groups was seen.
However, the Steering Committee decided to discon-
tinue the trial after enrolment of 109 patients because of
the published studies reporting late neurodevelopmental
problems in infants who had received postnatal DX [24,
33, 46]. The baseline characteristics of the study groups
are shown in Table 1. There were no significant differ-
ences in the gestational ages or the incidence of vaginal

Table 1 Baseline characteristics. SD and percentage given in
parentheses

DX (n=53) Placebo
(n =56)

P

Birth weight (g) 781 (124) 772 (140)
Small for gestational age (n) 17 (32%) 24 (43%)
Gestational age (weeks) 26.3 (1.4) 27.0 (1.5) 0.02
Male sex (n) 23 (43%) 31 (55%)
Single birth (n) 40 (76%) 42 (76%)
Vaginal delivery (n) 26 (49%) 16 (27%) 0.03

Apgar scores, mean (SD)
At 1 min 5.0 (2.1) 4.9 (2.4)
At 5 min 6.8 (1.7) 6.5 (2.2)
Antenatal glucocorticoid
therapy (n)

45 (87%) 46 (82%)

Chorioamnionitis (n) 9 (17%) 11 (20%)
Premature rupture of
fetal membranes (n)

11 (22%) 10 (19%)

Pre-eclampsia (n) 15 (28%) 17 (30%)
Surfactant (n) 48 (91%) 50 (91%)
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deliveries between DX and placebo groups, when anal-
ysed in stratified weight groups (500–749 g and 750–
999 g).

Primary outcome

The frequency of good outcomes (survival without BPD,
ICH grade 3 to 4, or PVL) tended to be higher in the DX
group (Table 2). Given the present risk ratio of 1.27, the
result would not have reached the significance with
recruitment of 96 infants in each arm (95% CI 0.95–
1.68). The RR for death or BPD at the age of 36 ges-
tational weeks was 0.78 (95% CI 0.54 to 1.13) in the DX
group, and 0.61 (95% CI 0.33 to 1.11) in the subgroup of
DX infants with a birth weight from 750 to 999 g. There
were no detectable trends in mortality, severe ICH or
PVL.

Secondary outcomes

The rates of ROP, PDA or neonatal infections did not
differ between the DX and placebo groups (Table 3). In
infants receiving indomethacin for PDA, the incidence
of any of the gastrointestinal complications (haemor-
rhage, perforation, or NEC) was 15% in the DX group
versus 9% in the placebo group (RR 1.7, 95% CI 0.59 to
4.84, P=0.4).

The mean arterial blood pressures were increased
(P=0.015) in the DX group during the 1st week (Fig. 1).
However, the number of infants receiving medication to
increase blood pressure and the duration of this medi-
cation were similar in both groups (Table 3). The DX
group tended to require more insulin therapy (49% vs.
39%, P=0.25), and the duration of insulin therapy

was longer in that group (mean 4.8 days vs. 2.3 days,
P=0.045).

At enrolment, the mean ventilation index (VI =
mean airway pressure · FiO2) was similar in both
groups (5.3 vs. 5.1, P=0.7). After the study period on
day 3 (1.2 vs. 3.1, P=0.036) and day 7 (1.5 vs. 2.4,
P=0.039), VI was lower in the DX group. Of infants in
both study groups, 91% received surfactant shortly after
the birth (mean 4 h). Only 42% of infants in the DX
group versus 69% in the placebo group (P=0.006) re-
ceived more than one dose of surfactant. The other
respiratory outcomes did not differ between the groups.

The open glucocorticoid therapy was common in
both groups (66% in the DX group vs. 73%, Table 4),
and the total dosage of glucocorticoid did not differ
between the groups. The increase in weight, length, and
head circumference from birth to 36 weeks of gestational
age was similar in both groups (Table 5), although the
z-scores for weight at birth were higher in the DX group
than in the placebo group.

Meta-analysis

Selection of studies

Using our keywords, we found 2160 articles. We selected
the placebo-controlled randomised trials studying the
efficacy of DX treatment starting before 3 days of age.
With the inclusion criteria of early ( £ 72 h of age) DX
trials, we found 15 articles. Early prolonged (>96 h
duration) DX treatment was used in ten trials, and early
short (<96 h duration) DX treatment in five studies, in
which the present report was included (Table 6 and
Table 7). In the early short DX trials, the dosage varied
from a single dose to six doses at 12 h intervals, and the

Table 2 Primary outcome.
Good outcome (survival
without BPD, PVL, or grade
3–4 ICH) and RR of BPD,
death, PVL, and grade 3–4 ICH
at 36 weeks gestational age

Outcome DX (n) Placebo (n) RR (95% CI) P

Good Outcome
All infants 30/53 (57%) 25/56 (45%) 1.27 (0.87–1.85) 0.25
Birth weight <750 g 10/22 (46%) 6/24 (25%) 1.81 (0.76–4.12) 0.22
Birth weight ‡750 g 20/31 (65%) 19/32 (59%) 1.09 (0.74–1.60) 0.80

BPD
All infants 11/42 (26%) 15/44 (34%) 0.77 (0.40–1.48) 0.49
Birth weight <750 g 5/15 (33%) 7/15 (47%) 0.71 (0.29–1.75) 0.71
Birth weight ‡750 g 6/27 (22%) 8/29 (28%) 0.81 (0.32–2.02) 0.76

Death
All infants 11/53 (21%) 12/56 (21%) 0.97 (0.47–2.00) 1.0
Birth weight <750 g 7/22 (32%) 9/24 (38%) 0.85 (0.38–1.89) 0.76
Birth weight ‡750 g 4/31 (13%) 3/32 (9%) 1.38 (0.34–5.66) 0.71

ICH grade 3–4
All infants 8/53 (15%) 8/56 (14%) 1.06 (0.42–2.61) 1.0
Birth weight <750 g 5/22 (23%) 5/24 (21%) 1.09 (0.36–3.26) 1.0
Birth weight ‡750 g 3/31 (10%) 3/32 (9%) 1.03 (0.26–4.73) 1.0

PVL
All infants 4/53 (8%) 3/56 (5%) 1.41 (0.31–6.77) 0.71
Birth weight <750 g 4/22 (18%) 2/24 (8%) 2.18 (0.44–10.76) 0.41
Birth weight ‡750 g 0/31 (0%) 1/32 (3%) 1.0
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total dose of DX varied from 0.2 to 1.5 mg/kg. In the
early prolonged DX studies, the duration of treatment
varied from 5 to 28 days and the total dosage from 0.9 to
14.0 mg/kg.

Neonatal mortality and morbidity

There was no significant difference in neonatal mortality
either in the meta-analysis or in any individual study
(Table 8). Early short DX treatment tended to reduce

the risk of BPD at the age of 36 gestational weeks, but
the difference was not statistically significant (Fig. 2).
Early prolonged DX therapy had no effect on neonatal
mortality (Table 9), but it significantly reduced the
incidence of BPD at 36 weeks (Fig. 3).

According to the meta-analysis, the risk of PDA was
significantly reduced in the DX group in both early short
and prolonged DX therapy (Table 8 and Table 9). The
risk of severe ROP was reduced in the early prolonged
DX group, but there was no difference in the rate of
total ROP. DX increased the need for insulin for hy-
perglycaemia regardless of the duration of DX therapy.

The early prolonged DX therapy was significantly
associated with gastrointestinal bleeding and perfora-
tions. All other secondary outcomes were similar be-
tween the study groups (Table 8 and Table 9).

Discussion

In our study comparing short early DX to placebo given
to very high-risk ELBW infants, we demonstrated a
non-significant improvement in the good outcome de-
fined as survival without BPD, severe ICH, or PVL. The
study was under-powered because only about 50% of
the planned patients had been enrolled before the ter-
mination of enrolment due to concern about the late
adverse effects [24, 33, 46]. The severity of early respi-
ratory failure was milder in the DX arm in our study, as
also seen in the previously published reports of postnatal
DX treatment [14, 15, 16, 18, 21, 28, 30, 42]. Despite the
evidence of improvement of the cardio-respiratory
measurements, the observed acute increase in mean

Table 3 Secondary outcomes

aRequiring therapy

Outcome DX (n) Placebo (n) RR (95% CI) P

ICH
Any grade 21/53 (40%) 16/56 (29%) 1.36 (0.80–2.31) 0.23
ROP
Any stage 14/45 (31%) 22/4 (45%) 0.69 (0.41–1.18) 0.21
Severea 3/45 (7%) 4/49 (8%) 0.82 (0.19–3.45) 1.0
Infection
Nosocomial sepsis 22/53 (42%) 20/56 (36%) 1.16 (0.72–1.87) 0.56
Gastrointestinal disorders
NEC 8/53 (15%) 8/56 (14%) 1.06 (0.43–2.61) 1.0
Haemorrhage 2/53 (4%) 1/56 (2%) 2.07 (0.20–22.2) 0.61
Perforation 3/53 (6%) 1/56 (2%) 3.11 (0.33–29.0) 0.36
PDAa 21/47 (45%) 29/52 (56%) 0.80 (0.54–1.20) 0.32
Hyperglycaemiaa 26/53 (49%) 22/56 (39%) 1.25 (0.82–1.91) 0.34
Hypotensiona 42/53 (79%) 46/56 (82%) 0.97 (0.80–1.17) 0.81

Fig. 1 Mean blood pressures during the 1st week of life. The bars
show the SDs

Table 4 Open corticosteroid
use in the study groups. SD and
percentage given in parentheses

DX Placebo RR (95% CI) P

Open DX (n) 35 (66.0%) 41 (73.2%) 0.90 (0.70–1.2) 0.53
Inhaled corticosteroid ( n) 19 (35.8%) 24 (42.9%) 0.84 (0.52–1.3) 0.56
Mean total dose of open DX (mg) 2.4 (6.6) 7.4 (16.1) 0.13
Mean total dose of open DX (mg/kg) 3.2 (8.9) 8.4 (17.2) 0.12
Mean start of open DX (days) 17.7 (14.3) 14.0 (8.9) 0.17
Total duration of open DX (days) 22.5 (26.1) 27.8 (24.5) 0.29
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Table 7 Randomised controlled trials of early prolonged DX treatment in premature infants included in the meta-analysis. (DB double-
blinded, MV need for mechanical ventilation)

Reference
(DX/Placebo)

N Blinded Total dose
(mg)

Course
(days)

Start
age

Inclusion criteria Randomisation

[12] 248 DB 14 7 <24 h Birth weight £ 1500 g,
gestational weeks £ 33,
birth asphyxia

Central

[21] 40 DB 6.19 28 <12 h Birth weight 500–1999 g,
RDS, MV

Stratified to 3 groups:
500–999 g, 1000–1500 g,
1501–1999 g

[28] 70 DB 3.3 12 <12 h Birth weight 700–1500 g,
RDS, MV

Not stated, stratified to
3 groups: 700–999 g,
1000–1249 g, 1250–1500 g

[40] 542 DB 2.7 12 <12 h Birth weight 501�1000 g,
MV, RDS, gestational
weeks <31

Central, stratified to
2 groups: 501–750 g,
751–1000 g

[36] 220 DB 0.89 10 <24 h Birth weight 501–1000 g,
MV

Central, stratified to
2 groups: 501–750 g,
751–1000 g

[37] 26 Not stated 2.5 5 <2 h Gestational weeks 24–34,
RDS

Central

[38] 109 DB 2.79 12 <36 h Birth weight 700–1600 g,
RDS, MV

Central

[42] 20 Not stated 5.95 21 <12 h Birth weight 700–1999 g,
RDS, MV

Not stated

[45] 57 DB 5.52 12 <12 h Birth weight 700–1999 g,
RDS, MV

Central

[46] 262 DB 6.16 28 <12 h Birth weight 500–1999 g,
RDS, MV

All in same group

Table 6 Randomised controlled trials of early short dexamethasone treatment in premature infants included in the meta-analysis. (DB
double-blinded, MV need for mechanical ventilation

Reference
(DX/placebo)

N Blinded Dose
(mg/kg)

Start age Inclusion criteria Randomisation

[30] 40 DB 0.5·2 12–18 h Gestational weeks <30,
RDS, MV

Not stated

[33] 248 DB 0.25·6 <12 h Birth weight 500–2000 g,
RDS, MV

Central, stratified
to 2 groups: 500–1000 g
and 1001–2000 g

[18] 70 DB 0.2·1 <2 h Gestational weeks <28, MV Not stated
[10] 241 DB 0.4·2, 0.2·2,

0.1·2
24–48 h birth weight 500–1500 g,

RDS, MV
Central, stratified
to 4 groups: <1000 g
and ‡1000 g, arterial/alveolar
ratio £ 0.15 and >0.15

[34] 384 DB 0.5·2 12–18 h Gestational weeks <30,
RDS, MV

Central

Present trial 108 DB 0.25·4 <6 h Gestational weeks <31,
Birth weight <1000 g, MV

Central, stratified
to 2 groups: 500–749 g
and 750–999 g

Table 5 Z-scores for weight,
length and head circumference
at birth and at 36 weeks of
gestation. The standard
deviations for z scores are given
in parentheses

* P=0.01 (t-test)

At birth At 36 weeks P (ANOVA)

DX Placebo DX Placebo

Weight z-score, mean -1.3 (1.3)* -2.0 (1.2)* -3.3 (1.0) -3.1 (1.3) 0.26
Length z-score, mean -2.1 (2.8) -2.7 (2.8) -4.0 (1.4) -4.0 (1.9) 0.47
Head circumference
z score, mean

-1.3 (1.2) -1.2 (1.4 -2.4 (1.4) -2.1 (1.7) 0.27
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blood pressure did not decrease the use of dopamine or
dobutamine as would have been desirable. The data
shown here are not inconsistent with the current rec-
ommendation against the use of systemic DX for the
prevention or treatment of chronic lung disease in in-
fants with very low birth weight [2].

No significant difference in early growth was found
between the study groups either in the present trial or in
other trials of early DX therapy [10, 29, 30,35]. Al-
though the pharmacological dose of DX strongly sup-
presses growth, there is remarkable postnatal growth
retardation among the infants born very premature,
regardless of the use of steroids [11]. The influence of
DX on early growth and the risk of late metabolic
consequences remain unknown [17,39].

A bias and notable concern related to virtually all the
DX trials reported is caused by the fact that both study
arms were contaminated by open steroid use. This fur-
ther complicates the interpretation of both beneficial
and harmful effects of steroids.

The relationship of exogenous glucocorticoid with
the birth process is likely to be critical in view of efficacy

and safety. We approached this issue by a randomised
trial and a meta-analysis of the early neonatal DX trials
with the hypothesis that a short course would be bene-
ficial and have minimal side-effects. The previously
published controlled trials and meta-analyses have
shown that despite the beneficial effects of postnatal DX
treatment on the incidence of BPD [10, 14, 15, 16, 28,45],
the treatment had acute side-effects including hyper-
glycaemia, hypertension, intestinal haemorrhage and
perforation [7, 10, 13, 14, 15, 16, 32, 36,44]. Since the
dosage and duration of DX treatment in prevention of
BPD have varied widely in controlled trials, the meta-
analysis focused on the duration of early DX treatment.

According to previous meta-analyses, early postnatal
DX treatment had no effect on neonatal mortality de-
spite the statistically significant decrease in the risk of
BPD [15]. In these meta-analyses, the duration of DX
treatment varied from 1 day to 4 weeks and was started
within 2 h to 15 days from birth [14, 15,16]. In our meta-
analysis we divided the trials starting within 3 days from
birth on the basis of duration of DX into short (<96 h)
and prolonged (>96 h) therapies. This enabled us to
further evaluate the benefits and risks of the duration of
early DX treatment. According to the present analysis,
the early short course of DX therapy had no statistically
significant positive effect on the risk of BPD, and no
trend in postnatal mortality at the latest reported age.
On the other hand, the early prolonged DX therapy had
a significant beneficial effect by reducing the incidence of
BPD, but no significant effect on mortality. Both early

Fig. 2 Meta-analysis of the RR of BPD at the age of 36 gestational
weeks for the randomised controlled trials concerning early short
DX treatment starting within 3 days of life in preterm infants. The
duration of early short DX treatment is less than 96 h in the
included studies. BPD is defined as the need for oxygen therapy at
the age of 36 post conceptional weeks. Test of heterogeneity
between studies (P=0.713)

Table 8 Meta-analyses of secondary outcomes of early short DX treatmenta

Outcomes Reference Studies (n) Subjects (n) RR (fixed) 95% CI

DX Placebo

Death (at latest reported age) [10, 18, 30, 32, 34] 6 113/548 99/544 1.14 0.89–1.46
PDA [18, 32, 34] 4 140/405 173/396 0.82 0.70–0.97*
Infection [10, 18, 30, 32, 34] 6 139/548 133/544 1.04 0.86–1.25
Severe ICH (grade 3+) [18, 32, 34] 4 45/411 43/400 1.04 0.70–1.54
ICH any grade [10, 30, 34] 4 227/379 243/395 1.00 0.92–1.07
PVL [10, 32] 3 26/303 18/295 1.37 0.77–2.46
NEC [10, 18, 30, 32, 34] 6 48/548 44/544 1.11 0.75–1.66
Gastrointestinal perforation [10, 34] 3 16/360 9/374 1.83 0.82–4.09
Hyperglycaemia (requiring therapy) [10, 18, 30, 34] 5 147/416 100/428 1.49 1.20–1.84*
Severe ROP (grade 3+) [10, 18, 32, 34] 5 61/521 64/516 0.96 0.69–1.33

aTest for heterogeneity between studies: P >0.05 in all included analyses
*Significant difference between the study groups (P <0.05)
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and prolonged DX therapy promoted spontaneous clo-
sure of PDA, confirming the earlier results [15].

An increased risk of infections has been associated
with DX therapy in preterm infants [16]. However, our
meta-analysis did not show this trend (Tables 8 and
Table 9). The risk of hyperglycaemia was significantly
increased in the DX group, regardless of the duration of
therapy.

DX treatment increases the risk of gastrointestinal
perforations [14, 15,16]. According to the present meta-
analysis, this tendency was significant only among the
infants on early prolonged DX therapy. In contrast, the
previous meta-analysis on early DX reported no increase
in the NEC rate [15]. This difference between the gas-
trointestinal bleedings and perforations versus NEC
may be explained by the pathogenesis of these diseases.
NEC is an inflammatory disease, which could explain
why anti-inflammatory DX does not increase the risk
[3,12]. In contrast, gastrointestinal perforation is likely

to have a non-inflammatory pathogenesis. The interfer-
ence of steroids with rapid proliferation of gastrointes-
tinal tissue could serve as a factor leading to intestinal
perforation [6,47]. DX appears to increase the suscepti-
bility to focal injury in the watershed areas in the
intestine and the periventricular area of the brain.
However, the mechanism remains elusive.

There are concerns about neurodevelopmental com-
plications in very preterm infants due to DX therapy in
the perinatal period. We evaluated the neonatal intra-
cerebral insults that serve as risk factors for abnormal
neurodevelopment. The difference in risk of severe or
any grade of ICH was not confirmed in present meta-
analysis. Antenatal DX has been shown to protect
against ICH [8]. Only three individual trials (including
the present one) on early short DX therapy had data
available for the evaluation of the risk of PVL [10,32].
There was a tendency towards an increased risk of PVL,
but the difference was not significant (Table 8). Halliday
et al. [15] pooled all the early DX trials together into a
meta-analysis and found a similar risk of PVL (RR 1.37;
95% CI 0.91 to 2.05). The present results are consistent
with the possibility that even a short course of DX after
very premature birth may insult the brain of a very
premature infant.

We conclude that a short course of DX acutely im-
proves the respiratory adaptation of ELBW infants

Table 9 Meta-analyses of secondary outcomes of early prolonged DX therapya

Outcomes Reference Studies (n) Subjects (n) RR (fixed) 95% CI

DX Placebo

Death (at latest reported age) [12, 21, 28, 36, 37, 38, 40, 42, 44, 45] 10 199/809 189/785 1.03 0.87–1.23
PDA [12, 28, 36, 37, 38, 40, 44, 45] 8 231/779 293/755 0.78 0.68–0.90*
Infection [12, 21, 28, 36, 37, 38, 40, 42, 44, 45] 10 224/833 195/784 1.07 0.92–1.26
Severe ICH [12, 21, 28, 36, 37, 38, 40, 44, 45] 9 139/799 139/775 0.98 0.79–1.22
ICH any grade [12, 28, 36, 37, 38, 40] 6 201/603 192/585 1.04 0.89–1.21
PVL [36, 40] 2 26/384 16/348 1.36 0.73–2.51
NEC [12, 28, 36, 37, 38, 40, 45] 7 61/751 73/726 0.85 0.61–1.18
Gastrointestinal perforation [28, 36, 40, 45] 4 47/552 29/542 1.59 1.02–2.46*
Gastrointestinal haemorrhage [28, 36, 38, 40, 44, 45] 6 64/635 36/625 1.72 1.17–2.53*
Hyperglycaemia (requiring therapy) [28, 36, 40] 3 197/420 116/412 1.65 1.39–1.96*
ROP [28, 36, 37, 38, 44, 45] 6 115/376 114/368 1.03 0.86–1.23
Severe ROP [36, 40] 2 50/384 73/378 0.68 0.49–0.94*

aTest for heterogeneity between studies: P >0.05 in all included analyses
*Significant difference between the study groups (P <0.05)

Fig. 3 Meta-analysis of the RR of BPD at the age of 36 gestational
weeks for the randomised controlled trials concerning early
prolonged DX treatment starting within 3 days of life in preterm
infants. The duration of DX treatment is more than 96 h in the
included studies. BPD is defined as the need for oxygen therapy at
the age of 36 post conceptional weeks. Test of heterogeneity
between studies (P=0.066)
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shortly after birth. However, a course of DX longer than
4 days (5 to 28 days) may be required for substantial
protection against BPD at 36 weeks gestation. Length-
ening of the duration of DX may also increase the risk of
intestinal complications. Routine administration of
corticosteroid to ELBW infants is not indicated. Con-
trolled studies are required to evaluate the critical roles
of corticosteroids after very premature birth.
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