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ABSTRACT

Background

Bronchopulmonary dysplasia (BPD) remains an important cause of mortality and morbidity in preterm infants and inflammation plays a
significant role in its pathogenesis. The use of inhaled corticosteroids may modulate the inflammatory process without concomitant high
systemic steroid concentrations and less risk of adverse effects. This is an update of a review published in 2012 (Shah 2012). We recently
updated the related review on "Inhaled versus systemic corticosteroids for treating bronchopulmonary dysplasia in ventilated very low
birth weight preterm neonates".

Objectives

To determine the effect of inhaled versus systemic corticosteroids started within the first 7 days of life on preventing death or BPD in
ventilated very low birth weight infants.

Search methods

We used the standard search strategy of Cochrane Neonatal to search the Cochrane Central Register of Controlled Trials (CENTRAL 2017,
Issue 1), MEDLINE via PubMed (1966 to 23 February 2017), Embase (1980 to 23 February 2017), and CINAHL (1982 to 23 February 2017).
We searched clinical trials registers, conference proceedings and the reference lists of retrieved articles for randomised controlled trials
(RCTs) and quasi-randomised trials.

Selection criteria

Randomised or quasi-randomised controlled trials comparing inhaled versus systemic corticosteroid therapy (irrespective of dose and
duration) starting in the first seven days of life in very low birth weight preterm infants receiving assisted ventilation.

Data collection and analysis

Clinical outcomes data were extracted and analysed using Review Manager. When appropriate, meta-analysis was performed using typical
relative risk (RR), typical risk difference (RD) and weighted mean difference (WMD). Meta-analyses were performed using typical relative
risk, typical risk difference (RD), and weighted mean difference with their 95% confidence intervals (Cl). If RD was statistically significant,
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the number needed to benefit or the number needed to harm was calculated. We assessed the quality of evidence was evaluated using
GRADE principles.

Main results

We included two trials that involved 294 infants. No new studies were included for the 2017 update. The incidence of death or BPD at 36
weeks' postmenstrual age was not statistically significantly different between infants who received inhaled or systemic steroids (RR 1.09,
95% Cl 0.88 to 1.35; RD 0.05, 95% CI -0.07 to 0.16; 1 trial, N = 278). The incidence of BPD at 36 weeks' postmenstrual age among survivors
was not statistically significant between groups (RR 1.34, 95% CI 0.94 to 1.90; RD 0.11, 95% CI -0.02 to 0.24; 1 trial, N = 206). There was no
statistically significant difference in the outcomes of BPD at 28 days, death at 28 days or 36 weeks' postmenstrual age and the combined
outcome of death or BPD by 28 days between groups (2 trials, N = 294). The duration of mechanical ventilation was significantly longer in
the inhaled steroid group compared with the systemic steroid group (typical MD 4 days, 95% CI 0.2 to 8; 2 trials, N = 294; 12 = 0%) as was the
duration of supplemental oxygen (typical MD 11 days, 95% CI 2 to 20; 2 trials, N = 294; I* = 33%)).

Theincidence of hyperglycaemia was significantly lower with inhaled steroids (RR 0.52, 95% ClI 0.39 to 0.71; RD -0.25, 95% CI -0.37 to -0.14;
1 trial, N =278; NNTB 4, 95% CI 3 to 7 to avoid 1 infant experiencing hyperglycaemia). The rate of patent ductus arteriosus increased in
the group receiving inhaled steroids (RR 1.64, 95% Cl 1.23 to 2.17; RD 0.21, 95% CI 0.10 to 0.33; 1 trial, N = 278; NNTH 5, 95% CI 3 to 10).
In a subset of surviving infants in the United Kingdom and Ireland there were no significant differences in developmental outcomes at 7
years of age. However, there was a reduced risk of having ever been diagnosed as asthmatic by 7 years of age in the inhaled steroid group
compared with the systemic steroid group (N =48) (RR 0.42, 95% Cl 0.19 to 0.94; RD -0.31, 95% CI -0.58 to -0.05; NNTB 3, 95% Cl 2 to 20).

According to GRADE the quality of the evidence was moderate to low. Evidence was downgraded on the basis of design (risk of bias),
consistency (heterogeneity) and precision of the estimates.

Both studies received grant support and the industry provided aero chambers and metered dose inhalers of budesonide and placebo for
the larger study. No conflict of interest was identified.

Authors' conclusions

We found no evidence that early inhaled steroids confer important advantages over systemic steroids in the management of ventilator-
dependent preterm infants. Based on this review inhaled steroids cannot be recommended over systemic steroids as a part of standard
practice for ventilated preterm infants. Because they might have fewer adverse effects than systemic steroids, further randomised
controlled trials of inhaled steroids are needed that address risk/benefit ratio of different delivery techniques, dosing schedules and long-
term effects, with particular attention to neurodevelopmental outcome.

PLAIN LANGUAGE SUMMARY

Inhaled versus systemic corticosteroids for preventing chronic lung disease in ventilated very low birth weight preterm neonates
Review question

The primary objective was to compare the effectiveness of inhaled versus systemic corticosteroids started within the first week of life in
preventing death or bronchopulmonary dysplasia (defined as requirement of supplemental oxygen at 36 weeks' postmenstrual age) in
infants on invasive mechanical ventilation with birth weight < 1500 g or gestational age < 32 weeks.

Background

Preterm babies who require breathing support often develop bronchopulmonary dysplasia. It is thought that inflammation in the lungs
may be part of the cause. Corticosteroid drugs when given orally or through a vein reduces this inflammation, but the use of corticosteroids
is associated with serious side effects. Corticosteroids use has been associated with cerebral palsy (motor problem) and developmental
delay. It is possible that inhaling steroids, so that the drug directly reaches the lung, may reduce the adverse effects.

Study characteristics

The review looked at trials that compared preterm babies who received steroids by inhalation to those who received steroids systemically
(through a vein or orally) while they were receiving mechanical ventilation. We included two trials that involved 294 infants. One study
included 278 infants and the other study included 16 infants. No new studies were included for the 2017 update.

Both studies received grant support and the industry provided aero chambers and metered dose inhalers of budesonide and placebo for
the larger study. No conflict of interest was identified.

Key results

There was no evidence that inhaling steroids compared to systemic steroids prevented the primary outcome of death or
bronchopulmonary dysplasia. The number of days the baby needed mechanical ventilation support or additional oxygen were increased
in infants who received inhaled steroids versus infants who received systemic steroids. These outcomes were reported in both the trials.

Inhaled versus systemic corticosteroids for preventing bronchopulmonary dysplasia in ventilated very low birth weight preterm 2
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The rate of patent ductus arteriosus (failure for the ductus arteriosus, an arterial shunt in fetal life, to close after birth) was increased in
the group receiving inhaled steroids. There was a lower incidence of high blood sugars in the inhaled steroid group compared with the
systemic steroid group. These secondary outcomes were reported in only one trial (the larger trial). In a sub-sample of 52 children at age 7
years there were no differences in long-term follow-up outcomes between the inhaled and the systemic steroid groups. in an even smaller
sample of 48 infants the outcome of 'ever diagnosed as asthmatic by seven years of age' was significantly lower in the inhaled steroid group
compared with the systemic steroid group.

Quality of evidence

According to GRADE the quality of the evidence was moderate to low.

Inhaled versus systemic corticosteroids for preventing bronchopulmonary dysplasia in ventilated very low birth weight preterm 3
neonates (Review)
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Inhaled steroids compared with systemic corticosteroids for preventing bronchopulmonary dysplasia

among all randomised infants

Inhaled steroids compared with systemic corticosteroids for preventing bronchopulmonary dysplasia among all randomised infants

Patient or population: Preterm neonates with respiratory distress
Settings: NICU
Intervention: Inhaled steroids

Comparison: Systemic steroids

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% Cl) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Systemic Inhaled
steroids steroids
Death or BPD 526 per 1000 573 per 1000 RR1.09(95%ClI  278(1) DODO Bias: The risk of bias for this single study was high. The
at 36 weeks' 0.88t0 1.35) moderate study was not blinded at all sites. Only 53/135 infants
postmenstrual randomised to systemic steroids received full course
age while 53/145 infants randomised to inhaled steroids re-
ceived full course. We downgraded the Quality of the ev-
among allran- idence by one step.
domised Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
Directness of the evidence: The study was conducted in
the target population of newborn infants.
Precision: Precison for the point estimate was accept-
able
Presence of publication bias: N/A.
Death or BPD 736 per 1000 780 per 1000 RR1.05(95%Cl 294 (2) D0 Bias: The risk of bias for these two studies was high. The
at 28 days (776 to 857) 0.93 to 1.20) low larger study was not blinded at all sites. Only 53/135

infants randomised to systemic steroids received full
course while 53/145 infants randomised to inhaled
steroids received full course. The smaller study was not
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blinded and it was stopped prematurely. We downgrad-
ed the Quality of the evidence by one step.

Heterogeneity/Consistency: There was high heterogene-
ity for this analysis I> = 78%. We downgraded the Quality
of the evidence by one step.

Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

BPD at 36 237 per 1000 343 per 1000
weeks' post-
menstrual age

RR 1.45 (95% Cl
0.99to 2.11)

278 (1)

DODO
moderate

Bias: The risk of bias for this single study was high. The
study was not blinded at all sites. Only 53/135 infants
randomised to systemic steroids received full course
while 53/145 infants randomised to inhaled steroids re-
ceived full course. We downgraded the Quality of the ev-
idence by one step.

Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able

Presence of publication bias: N/A.

BPD at28days 507 per 1000 613 per 1000
(601 to 857)

RR 1.21 (95% Cl
0.98 to 1.48)

294 (2)

DPOO
low

Bias: The risk of bias for these two studies was high. The
larger study was not blinded at all sites. Only 53/135
infants randomised to systemic steroids received full
course while 53/145 infants randomised to inhaled
steroids received full course. The smaller study was not
blinded and it was stopped prematurely. We downgrad-
ed the Quality of the evidence by one step.
Heterogeneity/Consistency: There was moderate het-
erogeneity for this analysis I = 72%. We downgraded
the Quality of the evidence by one step.

Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk Ratio; N/A: Not applicable.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Summary of findings 2.

Inhaled steroids compared with systemic corticosteroids for preventing bronchopulmonary dysplasia among all randomised

Patient or population: Preterm neonates with respiratory distress

Settings: NICU

Intervention: Inhaled steroids

Comparison: Systemic steroids

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments

(95% CI) (95% CI) pants evidence

(studies) (GRADE)
Assumed risk Corresponding
risk

Systemic Inhaled

steroids steroids
Duration of The mean du- The mean du- 3.89days (0.24 294 (2) SDDO Bias: The risk of bias for these two studies was high. The
mechanical ration of me- ration of me- to 7.55) moderate larger study was not blinded at all sites. Only 53/135
ventilation chanicalventi- chanical venti- infants randomised to systemic steroids received full
(days) lation ranged lation ranged course while 53/145 infants randomised to inhaled

across the sys-
temic steroid
groups from
15.2t017.9
days

across the in-
haled steroid
groups from 20
to 21 days

steroids received full course. The smaller study was not
blinded and it was stopped prematurely. We downgrad-
ed the Quality of the evidence by one step.
Heterogeneity/Consistency: There was no heterogene-
ity for this analysis |12 = 0%.

Directness of the evidence: The study was conducted in
the target population of newborn infants.
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Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

Duration of
supplemental
oxygen (days)

The mean du-
ration of sup-
plemental oxy-
gen ranged
across control
groups from
22.7t049.3
days

The mean du-
ration of sup-
plemental oxy-
gen in the in-
tervention
groups ranged
from 38.2 to
53.0 days

11.10 days
(1.97 t0 20.22)

294 (2)

DODO
moderate

Bias: The risk of bias for these two studies was high. The
larger study was not blinded at all sites. Only 53/135
infants randomised to systemic steroids received full
course while 53/145 infants randomised to inhaled
steroids received full course. The smaller study was not
blinded and it was stopped prematurely. We downgrad-
ed the Quality of the evidence by one step.
Heterogeneity/Consistency: There was low heterogene-
ity for this analysis 1? = 33%.

Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

Hypergly-
caemia

533 per 1000

280 per 1000 RR 0.52, (95%

C10.39t00.71)

278 (1)

SDDO
moderate

Bias: The risk of bias for this single study was high. The
study was not blinded at all sites. Only 53/135 infants
randomised to systemic steroids received full course
while 53/145 infants randomised to inhaled steroids re-
ceived full course. We downgraded the Quality of the ev-
idence by one step.

Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

Patent ductus
arteriosus

333 per 1000

546 per 1000 RR 1.64, (95%

C11.23t02.17)

278 (1)

ere)
moderate

Bias: The risk of bias for this single study was high. The
study was not blinded at all sites. Only 53/135 infants
randomised to systemic steroids received full course
while 53/145 infants randomised to inhaled steroids re-
ceived full course. We downgraded the Quality of the ev-
idence by one step.

Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
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Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; RR: Risk Ratio; N/A: Not applicable.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Summary of findings 3.

Inhaled steroids compared with systemic corticosteroids for preventing bronchopulmonary dysplasia among survivors

Patient or population: Preterm neonates with respiratory distress

Settings: NICU
Intervention: Inhaled steroids

Comparison: Systemic steroids

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments

(95% CI) (95% CI) pants evidence

(studies) (GRADE)
Assumed risk Corresponding
risk

Systemic Inhaled

steroids steroids
BPD at 36 333 per 1000 446 per 1000 RR1.34(95%Cl 206 00 Bias: The risk of bias for this single study was high. The
weeks' post- 0.94 to 1.90) moderate study was not blinded at all sites. Only 53/135 infants
menstrual age (1) randomised to systemic steroids received full course

while 53/145 infants randomised to inhaled steroids re-
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ceived full course. We downgraded the Quality of the ev-
idence by one step.

Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

BPD at28 days 658 per 1000

754 per 1000
(748 to 857)

RR1.14 (95% ClI 233 BP0
0.96 to 1.34) (2) low

Bias: The risk of bias for these two studies was high. The
larger study was not blinded at all sites. Only 53/135
infants randomised to systemic steroids received full
course while 53/145 infants randomised to inhaled
steroids received full course. The smaller study was not
blinded and it was stopped prematurely. We downgrad-
ed the Quality of the evidence by one step.
Heterogeneity/Consistency: There was high hetero-
geneity for this analysis I* = 75%. We downgraded the
Quality of the evidence by one step.

Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was accept-
able.

Presence of publication bias: N/A.

Ever diagnosed 546 per 1000
as asthmatic

by 7 years of

age

231 per 1000

RR0.42(95%Cl 48
0.19 t0 0.94)
(1)

SODO
moderate

Bias: The risk of bias for this outcome was low. This out-
come was reported in a subset of infants who had been
enrolled in the trial in Ireland and the UK. The assessors
of all the long-term outcomes were blinded to the origi-
nal treatment group allocation.

Heterogeneity/Consistency: Heterogeneity was N/A as
there was only one study included in the analysis.
Directness of the evidence: The study was conducted in
the target population of newborn infants.

Precision: Precison for the point estimate was low be-
cause of the small sample size. We downgraded the
Quality of the evidence by one step.

Presence of publication bias: N/A.
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: Confidence interval; RR: Risk Ratio; N/A: Not applicable

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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BACKGROUND

Description of the condition

Despite the availability of antenatal corticosteroids (Roberts 2017),
surfactant replacement therapy (Bahadue 2012; Soll 2002) and
other advances in neonatal intensive care, chronic lung disease
(bronchopulmonary dysplasia, BPD) remains a substantial cause of
mortality and morbidity in preterm infants (Horbar 1993; Lee 2000;
Schwartz 1994). The incidence of BPD has an inverse relationship
with both birth weight and gestational age (Lee 2000; Sinkin 1990)
and has increased partly due to improved survival of extremely low
birth weight infants (Shaw 1993). Among survivors, BPD results in
prolonged hospitalisation, an increased risk for rehospitalization
and adverse neurodevelopmental outcome.

There is increasing evidence from cellular and biochemical
research that inflammation plays an important role in the
pathogenesis of BPD (Groneck 1994; Gupta 2000; Kotecha 1996;
Pierce 1995; Speer 1993; Watterberg 1994; Watterberg 1996; Watts
1992). In many infants, the inflammatory reaction is evident shortly
after birth suggesting that the process may have been triggered
in utero (Watterberg 1996). Postnatally, a number of factors may
also initiate or aggravate this inflammatory process. These include
baro or volume-trauma induced by mechanical ventilation, oxygen
toxicity, infections and presence of patent ductus arteriosus (PDA).
Interventions aimed at reducing or modulating the inflammatory
process may reduce the incidence or severity of BPD.

Description of the intervention

Due to their strong anti-inflammatory properties, systemic
corticosteroids are being used clinically to reduce or limit the
inflammatory process associated with development of BPD. The
rationale for early administration of postnatal corticosteroids is
that these drugs may prevent or minimise the inflammatory
changes associated with mechanical ventilation and decrease the
need for steroids later to treat BPD. Several systematic reviews on
the use of postnatal systemic corticosteroids (early (<96 hours) and
moderately early (7 to 14 days)) have demonstrated a reduction
in BPD at 28 days and 36 weeks' postmenstrual age (Arias-
Camison 1999; Bhuta 1998; Doyle 2014a; Doyle 2014b; Halliday
1999; Shah 2001). Marked heterogeneity of the doses and duration
of dexamethasone therapy among trials has been noted.

There is growing concern that the beneficial effects on the
pulmonary system may be negated by increased risk of short-
and long-term adverse effects with corticosteroid therapy (Garland
1999; Ng 1993; Soll 1999; Stark 2001; Yeh 1997; Yeh 1998). Short-
term serious complications with early systemic corticosteroid
therapy include gastrointestinal haemorrhage and perforation,
hyperglycaemia requiring insulin therapy and hypertension
(Garland 1999; Soll 1999; Stark 2001). The potential effects on
brain growth and neurodevelopment are the most alarming
deficits. Two follow-up studies of early systemic corticosteroid
administration have shown a two- to four-fold increase in
neuromotor impairments in surviving dexamethasone-treated
infants compared with controls at two years corrected age
(Shinwell 2000; Yeh 1998). Meta-analysis has shown increased risk
of cerebral palsy in infants treated early with dexamethasone
(Doyle 2014b).

In statements released by the European Association of Perinatal
Medicine (Halliday 2001b), the American Academy of Pediatrics
(Watterberg 2012) and the Canadian Pediatric Society (Jefferies
2012) routine use of systemic dexamethasone for the prevention
or treatment of BPD is not recommended. Outside the context
of randomised controlled trials, the use of corticosteroids
should be limited to exceptional clinical circumstances. These
recommendations were based on concerns regarding short and
long-term complications, especially cerebral palsy.

Theoretically, the use of inhaled corticosteroids may allow for
beneficial effects on the pulmonary system without concomitant
high systemic concentrations and less risk of adverse effects.
Results of a large multi centre study of early use of inhaled
steroids concluded that among extremely preterm infants, the
incidence of BPD was lower among those who received early
inhaled budesonide than among those who received placebo, but
the advantage may have been gained at the expense of increased
mortality (Bassler 2015). The results of this study have been
included in a Cochrane Review (Shah 2017a) and a meta-analysis
(Shinwell 2016). Shinwell 2016 concluded "Very preterm infants
appear to benefit from inhaled corticosteroids with reduced risk
for BPD and no effect on death, other morbidities, or adverse
events. Data on long-term respiratory, growth, and developmental
outcomes are eagerly awaited". Shah 2017a summarized the results
of their Cochrane Review: "There is increasing evidence from the
trials reviewed that early administration of inhaled steroids to very
low birth weight neonates is effective in reducing the incidence
of death or chronic lung disease at 36 weeks' postmenstrual
age among either all randomised infants or among survivors.
Even though there is statistical significance, the clinical relevance
is of question as the upper CI limit for the outcome of death
or BPD at 36 weeks' postmenstrual age is infinity. The long-
term follow-up results of the Bassler 2015 study may affect the
conclusions of this review. Further studies are needed to identify
the risk/benefit ratio of different delivery techniques and dosing
schedules for the administration of these medications. Studies
need to address both the short- and long-term benefits and
adverse effects of inhaled steroids with particular attention to
neurodevelopmental outcome". It is noteworthy that a Cochrane
Review by Onland 2017b concluded: "Despite the fact that some
studies reported a modulating effect of treatment regimens
in favour of higher-dosage regimens on the incidence of BPD
and neurodevelopmental impairment, recommendations on the
optimal type of corticosteroid, the optimal dosage, or the optimal
timing of initiation for the prevention of BPD in preterm infants
cannotbe made based on current level of evidence. Awell-designed
large RCT is urgently needed to establish the optimal systemic
postnatal corticosteroid dosage regimen". Apart from the studies
included in this review, we are not aware of any other direct
comparisons of early use of inhaled versus systemic corticosteroids.

How the intervention might work

It is thought that inflammation in the lungs may be part of the
cause of BPD. As part of a randomised, placebo-controlled trial
of early inhaled beclomethasone therapy, Gupta 2000 measured
interleukin-8 (IL-8) and interleukin-1 receptor antagonist (IL-1ra)
concentrations in tracheal aspirates as markers of pulmonary
inflammation. Beclomethasone-treated infants with moderately
elevated baseline IL-8 levels received less subsequent systemic
glucocorticoid therapy and had a lower incidence of BPD than
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non treated infants. Gupta 2000 and co-authors concluded that
early-inhaled beclomethasone therapy was associated with a
reduction in pulmonary inflammation after one week of therapy.
Corticosteroid drugs when given orally or intravenously reduces
this inflammation in the lungs. However, the use of corticosteroids
is associated with serious side effects. Its use has been associated
with cerebral palsy and developmental delay. Inhaling steroids, so
that the drug directly reaches the lung, has been tried as a way to
limit adverse effects.

Why it is important to do this review

Cochrane Reviews have addressed the use of systemic or inhaled
corticosteroids in the prevention or treatment of BPD or chronic
lung disease. These include reviews of the early use (< 8 days) of
systemic postnatal corticosteroids to prevent chronic lung disease
(Doyle 2014b) as well as the late use (> 7 days) of systemic postnatal
corticosteroids for chronic lung disease (Doyle 2014a).

Other Cochrane Reviews address the use of inhaled corticosteroids
in the prevention or treatment of chronic lung disease. Shah
2017a reviewed the effects of early administration of inhaled
corticosteroids for preventing chronic lung disease in ventilated
very low birth weight preterm neonates. Shah 2017a reported
increasing trial evidence that early administration of inhaled
steroids to very low birth weight neonates was effective in reducing
the incidence of death or BPD at 36 weeks' postmenstrual age
among all randomised infants and survivors. Although there was
statistical significance, the clinical relevance was questionable
because the upper confidence interval limit for death or BPD at
36 weeks' postmenstrual age was infinity. Onland 2017a reviewed
the late use (= 7 days) of inhaled corticosteroids to reduce BPD in
preterm infants and concluded that: "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 chronic
lung disease cannot be recommended at this point in time".

Cochrane Reviews have compared systemic and inhaled
corticosteroids. Shah and colleagues compared the use of inhaled
versus systemic corticosteroids for preventing chronic lung disease
in ventilated very low birth weight preterm neonates (Shah 2012;
Shah 2017a) and the use of inhaled versus systemic corticosteroids
for the treatment of chronic lung disease in ventilated very low birth
weight preterm infants (Shah 2017b).

The use of corticosteroids for other indications in neonates
includesintravenous dexamethasone to facilitate extubation (Davis
2001), treat hypotension (Ibrahim 2011) and meconium aspiration
syndrome (Ward 2003).

The aim of this review was to assess the effectiveness of inhaled
compared with systemic corticosteroid therapy for ventilated
preterm infants in the first week of life to prevent BPD. This is an
update of our reviews published in 2003 and 2012 (Shah 2003; Shah
2012).

OBJECTIVES

The primary objective was to compare the effectiveness of inhaled
versus systemic corticosteroids started within the first 7 days
of life in preventing death or BPD (defined as requirement of
supplemental oxygen at 36 weeks' postmenstrual age) in ventilated
infants with birth weight < 1500 g or gestational age < 32 weeks.

Secondary objectives

To compare the effectiveness of inhaled versus systemic
corticosteroids on otherindicators of BPD, the incidence of adverse
events and long-term neurodevelopmental outcomes.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised or quasi-randomised clinical trials comparing inhaled
versus systemic corticosteroid therapy (regardless of the dose and
duration of therapy) starting in the first week of life in very low birth
weight preterm infants receiving assisted ventilation.

Types of participants

Preterm infants with birth weight < 1500 g or gestational age < 32
weeks receiving assisted ventilation and postnatal age of less than
7 days.

Types of interventions

Inhaled corticosteroids compared to systemic corticosteroids
irrespective of the type, dose and duration of therapy as long as the
treatment started before 7 days of age.

Types of outcome measures
Primary outcomes

1. Death or BPD at 36 weeks' postmenstrual age (among all
randomised)

Secondary outcomes

1. Other indicators of BPD (among all randomised):

« BPD at 36 weeks' postmenstrual age (requirement for
supplemental oxygen at 36 weeks' postmenstrual age);

« death at 36 weeks' postmenstrual age;
« death or BPD 28 days

« BPD at 28 days of age (requirement for supplemental oxygen at
28 days of age)

« death at 28 days of age;
« failure to extubate within 14 days of starting treatment

« change in pulmonary function tests (lung compliance and
resistance);

« later requirement for systemic corticosteroid therapy;
2. Other indicators of BPD (among survivors):

« duration of mechanical ventilation (days);
« duration of requirement for supplemental oxygen (days);
« duration of hospital stay (days) (post hoc)

3. Adverse events (among all randomised):

« hyperglycaemia (defined as blood glucose of > 10 mmol/L)
during the period of intervention;

« PDA defined by presence of clinical symptoms or signs or
demonstration by echocardiography;
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« gastrointestinal haemorrhage (defined as presence of bloody
nasogastric or orogastric aspirate);

« gastrointestinal perforation (defined by presence of free air in
peritoneal cavity on an abdominal x-ray);

« infants with free elastase in tracheal aspirate on day 14

« hypertension (defined as systolic or diastolic blood pressure > 2
standard deviations (SD) above the mean for infant's gestational
and postnatal age) during the period of intervention (Zubrow
1995);

« pneumothorax

« other air leaks

« pulmonary haemorrhage

« necrotizing enterocolitis (Bell's stage Il and IIl) (Bell 1978);

« retinopathy of prematurity any stage based on international
classification (ICROP 1984);

« retinopathy of prematurity >stage 3 based on international
classification (ICROP 1984);

« sepsis defined by presence of clinical symptoms and signs of
infection and a positive culture from normally sterile site (blood,
CSF or urine)

« intraventricular haemorrhage any grade (defined as per Papile
1978);

« periventricular leukomalacia (defined as cysts in periventricular
area on ultrasound or CT scan);

« hypertrophic cardiomyopathy defined as thickening of
interventricular septum or of the left ventricular wall on
echocardiography;

« pneumonia based on clinical and radiologic signs and a positive
endotracheal tube aspirate culture;

« growth (weight, length/height and head circumference) at 36
weeks' postmenstrual age;

« cataracts (defined by presence of opacities in the lens);

« hypertrophy of the tongue;

« nephrocalcinosis (defined by presence of echo densities in the
medulla of the kidney on ultrasound) (Saarela 1999);

« suppression of hypothalamic-pituitary-adrenal axis assessed by
metyrapone or ACTH stimulation test.

4. Long-term neurodevelopmental outcome (among survivors):

« Neurodevelopmental impairment was defined as presence of
cerebral palsy or mental retardation (Bayley scales of infant
development (BSID), Mental Developmental Index (MDI) < 70) or
legal blindness (<20/200 visual acuity) or deafness (aided or <60
dB on audiometric testing) assessed at 18 to 24 months.

5. The following outcomes were reported at 7 years of age
(among survivors) (post-hoc analyses based on available data):

« British Ability Scales, 2nd Edition (provides a global measure
of cognitive functioning (the general conceptual ability (GCA)
score, with a standardisation mean of 100 and SD of 15);

« Activities, social, and school competency scales of the Child
Behaviour Checklist for children 4 to 18 years of age;

« Strengths and Difficulties Questionnaire (SDQ) from which
overall behavioral, emotional, conduct, hyperactivity, and peer
problem scores are derived;

« Cerebral palsy;

+ Severe disability defined as GCA score < 55, no independent
walking, inability to dress or feed oneself, requirement for
continuous home oxygen therapy, behavioural disturbance
requiring constant supervision, no useful vision, or no useful
hearing;

« Moderate disability was defined as a GCA score of 55 to 69,
restricted mobility, admission to an ICU and ventilation within
the past year, secondary referral for specialised help with
behavior, ability to see gross movement only or hearing loss not
corrected with aid;

« Death or moderate/severe disability;

« Systolic blood pressure > 95th percentile;

« Diastolic blood pressure > 95th percentile; and
« Everdiagnosed as asthmatic by 7 years of age.

Search methods for identification of studies
Electronic searches

See Appendix 1 for the previous search methodologies.

For the 2017 update, we used the criteria and standard methods
of Cochrane and Cochrane Neonatal (see the Cochrane Neonatal
search strategy for specialized register).

We conducted a comprehensive search including: Cochrane Central
Register of Controlled Trials (CENTRAL 2017, Issue 1) in The
Cochrane Library; MEDLINE via PubMed (1 January 2011 to
23 February, 2017); Embase (1 January 2011 to 23 February,
2017); and CINAHL (1 January 2011 to 23 February, 2017) using
the following search terms: (bronchopulmonary dysplasia OR
lung diseases OR chronic lung disease OR BPD OR BPD) AND
((anti-inflammatory agents OR steroid* OR dexamethasone OR
budesonide OR beclomethasone dipropionate OR flunisolide OR
fluticasone propionate OR corticosteroid* OR betamethasone OR
hydrocortisone) AND (inhalation OR aerosol OR inhale*)), plus
database-specific limiters for RCTs and neonates (see Appendix 2
for the full search strategies for each database). We did not apply
language restrictions.

We searched clinical trials registries for ongoing or recently
completed trials (clinicaltrials.gov; the World Health Organization
International Trials Registry Platform www.whoint/ictrp/search/
en/, and the ISRCTN Registry).

Searching other resources

We searched the abstracts of the Pediatric Academic Societies
Annual Conference electronically at Abstracts 2 view from 2010 to
2016.

Data collection and analysis

We used the methods of the Cochrane Neonatal Review Group for
data collection and analysis.

Selection of studies

Weincluded all randomised and quasi-randomised controlled trials
that fulfilled the selection criteria described in the previous section.
The review authors independently reviewed the results of the
updated search and selected studies for inclusion. We resolved any
disagreement by discussion.
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Data extraction and management

For each trial, information was sought regarding the method of
randomisation, blinding and reporting of all outcomes for all the
infants enrolled in the trial. Data from primary investigator were
obtained for unpublished trials or when published data were
incomplete. Retrieved articles were assessed and data abstracted
independently by four review authors (SS, AO, HH, VS). Dr Henry
Halliday did not assess the risk of bias for his trial (Halliday 2001a).

For each study, final data were entered into RevMan by one review
author and then checked for accuracy by a second review author.
We resolved discrepancies through discussion.

We attempted to contact authors of the original reports to provide
further details when information regarding any of the above was
unclear.

Assessment of risk of bias in included studies

Three review authors (SS, AO, VS) independently assessed the
risk of bias (low, high, or unclear) of all included trials using
the Cochrane ‘Risk of bias’ tool (Higgins 2011) for the following
domains:

« Sequence generation (selection bias).

« Allocation concealment (selection bias).

« Blinding of participants and personnel (performance bias).
« Blinding of outcome assessment (detection bias).

« Incomplete outcome data (attrition bias).

« Selective reporting (reporting bias).

« Any other bias.

Any disagreements were resolved by discussion or by a third
assessor (VS). See Appendix 3 for a more detailed description of risk
of bias for each domain.

Measures of treatment effect

We performed statistical analyses using Review Manager software
(Review Manager 2014). Dichotomous data were analysed using
relative risk (RR), risk difference (RD) and the number needed
to benefit (NNTB) or number needed to harm (NNTH). The 95%
confidence intervals (Cl) were reported on all estimates. If more
than one trial was included in an analysis we report on typical RR
and typical RD.

We analysed continuous data using weighted mean difference
(WMD) (if more than one trial was included in an analysis), or the
standardized mean difference to combine trials that measure the
same outcome but use different methods.

Unit of analysis issues

For clinical outcomes such as episodes of sepsis, we analysed the
data as proportion of neonates having one or more episodes.

Dealing with missing data

For included studies, levels of attrition were noted. The impact of
including studies with high levels of missing data in the overall
assessment of treatment effect was explored by using sensitivity
analysis.

All outcomes analyses were on an intention to treat basis i.e. we
included all participants randomised to each group in the analyses.
The denominator for each outcome in each trial was the number
randomised minus any participants whose outcomes were known
to be missing.

Assessment of heterogeneity

We examined heterogeneity between trials by inspecting the
forest plots and quantifying the impact of heterogeneity using
the |12 statistic. If noted, we planned to explore the possible
causes of statistical heterogeneity using pre-specified subgroup
analysis (for example, differences in study quality, participants,
intervention regimens, or outcome assessments). We used the
following criteria for describing the percentages of heterogeneity:
<25% no heterogeneity, > 25% to 49% low heterogeneity, = 50% to
74% moderate heterogeneity and = 75% high heterogeneity.

Assessment of reporting biases

We planned to assess possible publication bias and other biases
using symmetry/asymmetry of funnel plots.

Forincluded trials that were performed recently (and prospectively
registered), we planned to explore possible selective reporting
of study outcomes by comparing the primary and secondary
outcomes in the reports with the primary and secondary
outcomes proposed at trial registration, using the web sites
www.clinicaltrials.gov and www.controlled-trials.com. If such
discrepancies were found, we planned to contact the primary
investigators to obtain missing outcome data on outcomes pre-
specified at trial registration.

Data synthesis

Where meta-analysis was judged to be appropriate, the analysis
was done using Review Manager software (Review Manager 2014).
We used the Mantel-Haenszel method for estimates of typical
relative risk and risk difference. No continuous outcomes were
included in this review. We planned to analyses continuous
measures using the inverse variance method, if included. We used
the fixed-effect model for all meta-analyses.

Quality of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schiinemann 2013), to assess the quality of evidence. The
following (clinically relevant) outcomes were assessed among
all randomised infants using GRADE: primary outcome - death
or BPD at 36 weeks' postmenstrual age among all randomised.
Secondary outcomes: death or BPD at 28 days; BPD at 36 weeks'
postmenstrual age; BPD at 28 days; duration of mechanical
ventilation; duration of supplemental oxygen; hyperglycaemia; and
patent ductus arteriosus. The following secondary outcomes were
assessed among survivors; BPD at 36 weeks' postmenstrual age;
BPD at 28 days and ever diagnosed as asthmatic at seven years of
age.

Three authors (SS, AO, VS) independently assessed the quality
of the evidence for each of the outcomes above. We considered
evidence from randomised controlled trials as high quality but
downgraded the evidence one level for serious (or two levels for
very serious) limitations based upon the following: design (risk
of bias), consistency across studies, directness of the evidence,
precision of estimates and presence of publication bias. We
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used the GRADEpro GDT Guideline Development Tool to create a
‘Summary of findings’ table to report the quality of the evidence.

The GRADE approach results in an assessment of the quality of a
body of evidence in one of four grades:

1. High: We are very confident that the true effect lies close to that
of the estimate of the effect.

2. Moderate: We are moderately confident in the effect estimate:
the true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different.

3. Low: Our confidence in the effect estimate is limited: the true
effect may be substantially different from the estimate of the
effect.

4. Very low: We have very little confidence in the effect estimate:

the true effect is likely to be substantially different from the
estimate of effect.

Subgroup analysis and investigation of heterogeneity

Groups were analysed based on all randomised and survivors only.
We reported results of the I test if more than one study was
included in an analysis.

Sensitivity analysis

We planned sensitivity analyses for situations where this might
affect the interpretation of significant results (e.g. where there is
risk of bias associated with the quality of some of the included trials
or missing outcome data). None were thought necessary in this
review.

RESULTS

Description of studies

Both studies received grant support and the industry provided aero
chambers and metered dose inhalers of budesonide and placebo
for the larger study. No conflict of interest was identified.

Results of the search

Five trials comparing inhaled versus systemic corticosteroids for
prevention of bronchopulmonary dysplasia (BPD) were identified,
of which three were excluded. No new trials were identified for the
2011 update. For this update in 2017, 395 articles were identified
through the search after duplicates were removed. One potential
study was identified (Mazulov 2013), but after contact with the first
author it was excluded because it was not a randomised controlled
trial. The study flow diagram is shown in Figure 1.

Inhaled versus systemic corticosteroids for preventing bronchopulmonary dysplasia in ventilated very low birth weight preterm 15

neonates (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Figure 1. Study flow diagram: review update
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Included studies

We included two trials: Groneck 1999 and Halliday 2001a (both
studies published as full text articles; see Characteristics of
included studies). Although both studies aimed to include infants
thought to be at risk of developing BPD, the inclusion criteria, the
intervention type (dose and type of inhaled steroid) and duration
of therapy varied between the two studies.

Groneck 1999 was a open comparative trial which enrolled preterm
infants < 1200 g while they were mechanically ventilated and had
fractional inspired oxygen (FiO,) requirement > 0.3 on the third
day of life. Sixteen infants were enrolled into the study and were
alternatively allocated to treatment with inhaled beclomethasone
or systemic dexamethasone. Due to poor clinical results (BPD in
6/7 infants), alternate allocation to inhaled steroids was stopped
for ethical reasons after inhaled steroid treatment of seven infants.
Thus, seven infants were treated with inhaled steroids and nine
received systemic steroids. Inhaled beclomethasone was given
from day three to day 28 of life administered by an aero chamber
into the ventilatory circuit at a dose of 3 x 2 puffs of 250 pg (=
1.5 mg/day). After extubation, inhalation therapy was continued by
face mask, and the aero chamber was connected to a ventilation
bag. No systemic steroids were given to infants treated with inhaled
steroids during the first month of life. Systemic dexamethasone
was given at a starting dose of 0.5 mg/kg/day for three days,
starting between days 11 to 13; thereafter the dose was gradually
tapered over 10 to 28 days, according to clinical status of the
infant. Duration of systemic steroids was at the discretion of
attending physician. Primary outcome was assessment of lung
inflammation and lung permeability. Other outcome measures
were days on mechanical ventilation, days on supplemental oxygen
and BPD (oxygen dependency and radiological abnormalities on
day 28). Pulmonary inflammation and lung permeability were
assessed by analysing inflammatory mediators (interleukin -8,
elastase alpha -1 proteinase inhibitor, free elastase, secretory
component for IgA and albumin) in tracheal aspirates on day
10 (before starting dexamethasone) and day 14 (three days after
starting dexamethasone). The baseline characteristics were similar
between groups.

Halliday 2001a enrolled infants born at < 30 weeks' gestation,
postnatal age < 72 hours and needing mechanical ventilation and
FiO, > 0.30. Infants of 30 and 31 weeks could be included if they
needed Fi0,>0.50. Infants with lethal congenital anomalies, severe
intraventricular haemorrhage (grade 3 or 4) and proven systemic
infection before entry were excluded from the trial. The trial was
designed to evaluate the effectiveness of early (< 72 hours) and
delayed (> 15 days) administration of systemic dexamethasone
and inhaled budesonide. Infants were randomly allocated to
one of four treatment policies in a factorial design: early (< 72
hours) dexamethasone, early budesonide, delayed selective (> 15
days) dexamethasone and delayed selective budesonide. Only the
groups allocated to early budesonide or early dexamethasone are
included in this review. Budesonide was administered by metered
dose inhaler and a spacing chamber in a dose of 400 pg/kg twice
daily for 12 days. Dexamethasone was given intravenously (IV) or
orally in a tapering course beginning with 0.5 mg/kg/day in two
divided doses for three days reducing by half every three days
for a total of 12 days of therapy. Halliday 2001a reported that
143 infants were randomised to the early budesonide group and

135 were randomised to the early dexamethasone group. Of 143
infants randomised to early budesonide, 53 received full course,
87 received partial course, and three did not receive budesonide.
Of 135 infants randomised to early dexamethasone, 53 received
a full course, 76 received a partial course and six infants did not
receive dexamethasone. The primary outcome was death or oxygen
dependency at 36 weeks. Secondary outcome measures included
death or major cerebral abnormality, duration of oxygen treatment,
duration of assisted ventilation, duration of hospitalisation, death
or oxygen dependency at 28 days and complications of preterm
birth. Anintention-to-treat analysis was performed. Additional data
were obtained from the authors for the outcomes of duration of
ventilation and duration of supplemental oxygen (expressed as
mean and SD). A subset of the infants enrolled in the OSECT study
(Halliday 2001a) has been followed to a median age of seven
years; 127 (84%) of 152 survivors born in the United Kingdom and
Ireland were followed; of these 52 infants belonged to the early
dexamethasone and early budesonide groups.

Excluded studies

We excluded four trials. Dimitriou 1997 was excluded because
the investigators included non-ventilator-dependent infants in the
study and the age of commencement of treatment varied from
five to 118 days of life. Kovacs 1998 was excluded because the
participants received systemic dexamethasone initially followed by
inhaled steroids while the control group received normal saline
systemically and then by nebulization. Parikh 2004 was excluded
as all study participants received systemic dexamethasone for
seven days and then randomised to receive either inhaled
beclomethasone or placebo. Mazulov 2013 was not a randomised
controlled trial. See Characteristics of excluded studies.

Risk of bias in included studies

In Groneck 1999 infants were alternately allocated to treatment
with inhaled beclomethasone or systemic dexamethasone.
Alternate allocation to inhaled steroids was stopped after
treatment of seven neonates due to poor clinical results. The
study was stopped prematurely. The intervention was not blinded.
Outcome data were presented for all 16 babies enrolled in the study.
Outcome measures were not blinded.

Halliday 2001a was a multi centre RCT involving 47 centres.
The intervention was not blinded in most centres. However, in
11 centres the trial was conducted double-blind, and in these,
placebo metered dose inhalers and intravenous saline were used
to mask treatment allocation. Randomisation was performed by
telephoning the central randomisation centre. After identifying an
eligible infant, the clinician telephoned the randomisation centre
to enrol the infant and determine the treatment group. Outcomes
have been reported for all infants enrolled in the study. Outcome
assessments were not blinded. An intention-to-treat analysis was
performed. Comparisons were also made for primary outcome
variables between the centres observing double blind strategy
and other centres. Neurodevelopmental and respiratory follow-up
results at seven years of age for children from the UK and Ireland
were reported on 28 infants in the early budesonide group (80% of
survivors) and on 24 infantsin the early dexamethasone group (75%
of survivors).

See Figure 2 and Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

Selective reparting {reporting bias)

Graneck 1994

Halliday 20014

® | @ | Random sequence generation (selection bias)
@ | @ | ~location concealment (selection bias)

@® | @ | Blinding (performance bias and detection bias)

® | @ | ncomplete outcome data (attrition bias)
-
- | @ | Other bias

@ | @ | clinding of patticipants and personnel (performance bias)
@® | @ |ciinding of outcorne assessment (detection bias)

Allocation

Groneck 1999 presented no information on how the random
sequence was generated and there was no blinding of
randomisation (high risk of bias). In Halliday 2001a the random
sequence was generated by the trial statistician, independent of the
researchers (low risk of bias).

Blinding

In Groneck 1999 there was no blinding of the intervention nor of the
outcome measurement (high risk of bias). In Halliday 2001a there
was blinding of the intervention and the outcome measurement
in 11 centres but not in another 36 centres. All assessors were
blinded to the original treatment group allocations (high risk of
bias). Long-term outcomes were assessed at seven years of age and
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all assessors were blinded at that time to the original treatment
group allocations (low risk of bias).

Incomplete outcome data

There was complete follow up in both studies (low risk of bias).

Selective reporting

The study protocols for the Groneck 1999 study was not available
to us so we can not judge if there was selective reporting or not
(unclear risk). According to the first author (HH) of the Halliday
2001a study there was no selective reporting (low risk of bias)

Other potential sources of bias

We did not identify any other sources of bias in Halliday 2001a
(unclear risk of bias). In Groneck 1999 alternate allocation to
inhaled steroids was stopped after treatment of seven neonates
due to poor clinical results. The study was stopped prematurely
(high risk of bias).

Effects of interventions

See: Summary of findings for the main comparison Inhaled
steroids compared with systemic corticosteroids for preventing
bronchopulmonary dysplasia among all randomised infants;
Summary of findings 2; Summary of findings 3

Comparison 1: Inhaled versus systemic steroids among all
randomised infants

The following (clinically relevant) outcomes among all randomised
infants were assessed using GRADE: Primary outcome - Incidence
of death or BPD at 36 weeks' postmenstrual age among all
randomised. Secondary outcomes: Incidence of death or BPD
at 28 days; BPD at 36 weeks' postmenstrual age; BPD at 28
days Summary of findings for the main comparison; duration
of mechanical ventilation; duration of supplemental oxygen;
hyperglycaemia; and patent ductus arteriosus Summary of findings
2

Primary outcomes
Death or BPD by 36 weeks' postmenstrual age

There was no significant difference in death or BPD by 36 weeks'
postmenstrual age in the inhaled steroid group compared with the
systemic steroid group (RR 1.09, 95% CI 0.88 to 1.35; RD 0.05, 95% ClI
-0.07t00.16; Analysis 1.1; Halliday 2001a, N =278; moderate-quality
evidence). Tests for heterogeneity not applicable.

Secondary outcomes
BPD at 36 weeks' postmenstrual age

There was no significant difference in the outcome of BPD at 36
weeks' in the inhaled steroid group compared with the systemic
steroid group (RR 1.45, 95% Cl 0.99 to 2.11; RD 0.11, 95% CI -0.00
to 0.21; Analysis 1.2; Halliday 2001a, N = 278; P = 0.05; moderate-
quality evidence). Tests for heterogeneity not applicable.

Death at 36 weeks' postmenstrual age

No statistically significant effect on mortality by 36 weeks'
postmenstrual age was noted in the inhaled steroid group
compared with the systemic steroid group (typical RR 0.83, 95% ClI
0.56 to 1.23; typical RD -0.05, 95% Cl -0.15 to 0.05; Analysis 1.3; 2

studies, N = 294). There was no heterogeneity for this outcome for
RR (12 =0%) and low for RD (I? = 36%).

Death or BPD at 28 days

There was no statistically significant difference between the
inhaled steroid group compared with the systemic steroid group
for the combined outcome of BPD or death at 28 days (typical RR
1.05, 95% ClI 0.93 to 1.20; typical RD 0.04, 95% Cl -0.06 to 0.13;
Analysis 1.4; 2 studies, N = 294; low-quality evidence). There was
high heterogeneity for this outcome for RR (1> = 78%) and for RD (I?
=90%).

BPD at 28 days of age

There was no statistically significant difference in the incidence of
BPD at 28 days in the inhaled steroid group compared with the
systemic steroid group (typical RR 1.21, 95% CI 0.98 to 1.48; typical
RD 0.11, 95% CI -0.01 to 0.22; Analysis 1.5; 2 studies, N = 294; low-
quality evidence). There was moderate heterogeneity for RR (1 =72
%) and high for RD (1*=87).

Death at 28 days

There was no statistically significant difference in the incidence
effect of death at 28 days in the inhaled steroid group compared
with the systemic steroid group (typical RR 0.80,95% CI 0.51 to 1.25;
RD -0.05, 95% Cl -0.14 to 0.05; Analysis 1.6; 2 studies, N = 294). Test
for heterogeneity not applicable for RR; there was no heterogeneity
for RD (12 = 0%).

Duration mechanical ventilation (days)

The duration of mechanical ventilation was statistically
significantly longer in the inhaled steroid group as compared with
the systemic steroid group (typical WMD 3.89 days, 95% CI 0.24 to
7.55; Analysis 1.7; 2 studies, N = 294; moderate-quality evidence; I?
=0.0%).

Duration of supplemental oxygen (days)

The duration of supplemental oxygen was statistically significantly
higher in the inhaled steroid group as compared with the systemic
steroid group (typical WMD 11 days, 95% CI 2 to 20; Analysis 1.8;
2 studies, N = 294; moderate-quality evidence). There was low
heterogeneity for this outcome (1 = 33%).

Hyperglycaemia

A statistically significant decrease in the incidence of
hyperglycaemia was noted in the inhaled steroid group compared
with the systemic steroid group in Halliday 2001a (RR 0.52, 95% Cl
0.39 to 0.71; RD -0.25, 95% Cl -0.37 to -0.14; Analysis 1.9; N = 278;
moderate-quality evidence). The NNTB was 4.0 (95% Cl 3to 7). Tests
for heterogeneity not applicable.

Patent ductus arteriosus

There was a statistically significant increase in the rate of PDA (RR
1.64,95% Cl 1.23t0 2.17; RD 0.21, 95% Cl 0.10 to 0.33; Analysis 1.10;
N =278; moderate-quality evidence) in the group receiving inhaled
steroids compared with the systemic steroid group reported by
Halliday 2001a. The NNTH was 5 (95% Cl 3 to 10). Tests for
heterogeneity not applicable.
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Gastrointestinal haemorrhage

There was no statistically significant difference in the incidence of
gastrointestinal haemorrhage between the inhaled steroid group
compared with the systemic steroid group reported by Halliday
2001a (RR 0.40, 95% Cl 0.16 to 1.02) but reduced risk for RD (RD
-0.06, 95%Cl -0.12 to -0.00; Analysis 1.11; N = 278). Because the
significance levels were different for RR and RD we elected not to
calculate NNTB. Tests for heterogeneity were not applicable.

Gastrointestinal perforation

There was no statistically significant difference in the incidence of
gastrointestinal perforation for the inhaled steroid group compared
with the systemic steroid group reported by Halliday 2001a (RR
0.16, 95% Cl1 0.02 to 1.29) but reduced risk for RD (RD -0.04, 95% CI
-0.07t0-0.00; Analysis 1.12; N=278). Because the significance levels
were different for RR and RD we elected not to calculate NNTB. Tests
for heterogeneity not applicable.

Infants with free elastase (inflammatory mediator) in tracheal
aspirate on day 14 (Outcome 1.13):

Groneck 1999 (N = 16) reported this outcome. There was no
statistically significant difference in the number of infants with
detectable free elastase in tracheobronchial aspirate fluid for the
inhaled steroid group compared with the systemic steroid group
(RR8.75,95% Cl10.52 to 145.86; RD 0.43,95% CI 0.06 to 0.80; Analysis
1.13) with a higher number in the inhaled steroid group. Tests for
heterogeneity not applicable.

There were no statistically significant differences between
the inhaled and the systemic corticosteroid groups for the
following outcomes in Halliday 200l1a (N = 278 infants):
pneumothorax (Analysis 1.14), other air leaks (Analysis 1.15),
pulmonary haemorrhage (Analysis 1.16), hypertension (Analysis
1.17), necrotizing enterocolitis (Analysis 1.18), retinopathy of
prematurity - any stage (Analysis 1.19), retinopathy of prematurity
> stage 3 (Analysis 1.20) and sepsis (Analysis 1.21).

Comparison 2: Inhaled versus systemic steroids among
survivors

The following secondary outcomes were assessed using GRADE
among survivors; BPD at 36 weeks' postmenstrual age; BPD at 28
days and ever diagnosed as asthmatic at 7 years of age (Summary
of findings 3).

Secondary outcomes

BPD at 36 weeks' postmenstrual age

There was no statistically significant difference in the incidence of
BPD at 36 weeks' among survivors in the inhaled steroid group
compared with the systemic steroid group (RR 1.34, 95% Cl 0.94
to 1.90; RD 0.11, 95% CI -0.02 to 0.24; Analysis 2.1; Halliday 2001a;
N = 206; moderate-quality evidence). Tests for heterogeneity not
applicable.

BPD at 28 days of age

There was no statistically significant difference in the incidence
of BPD at 28 days among survivors in the inhaled steroid group
compared with the systemic steroid group (typical RR 1.14, 95% ClI
0.96 to 1.34; typical RD 0.09, 95% CI -0.02 to 0.21; Analysis 2.2; 2

trials, N = 233; low-quality evidence). There was high heterogeneity
for this outcome for RR (1> = 75%) and for RD (1% = 76%).

No relevant data for the following outcomes were available for
analyses: failure to extubate within 14 days of starting treatment,
change in pulmonary function tests (lung compliance and
resistance), later requirement for systemic corticosteroid therapy,
intraventricular haemorrhage, periventricular leukomalacia,
measurement of pulmonary functions, pneumonia, growth,
nephrocalcinosis, cataracts, hypertrophy of tongue, hypertrophic
cardiomyopathy and suppression of hypothalamic-pituitary-
adrenal axis.

Long-term follow-up of survivors at 7 years of age

A subset (127/152, 84%) of infants born in the UK and Ireland
enrolled in the OSECT study (Halliday 2001a) has been followed
to a median age of seven years. Of these children, 52 belonged to
the early dexamethasone and early budesonide groups; 28 children
belonged to the early budesonide group and 24 children to the early
dexamethasone group.

There were no statistically significant differences between the
early inhaled and the early systemic corticosteroid groups for the
following outcomes in Halliday 2001a which reported on 52 infants:
general conceptual ability (GCA) score at seven years (Analysis 2.3),
Child Behaviour Checklist at seven years (Analysis 2.4), Strengths
and Difficulties Questionnaire at seven years (Analysis 2.5), cerebral
palsy at seven years (Analysis 2.6), moderate/severe disability at
seven years (Analysis 2.7), death or moderate/severe disability at
seven years (Analysis 2.8), systolic blood pressure > 95th percentile
at seven years (Analysis 2.9), diastolic blood pressure > 95th
percentile at seven years (Analysis 2.10). Test for heterogeneity was
not applicable for any of these analyses.

Ever diagnosed as asthmatic by seven years

Halliday 200la reported on the outcome ever diagnosed as
asthmatic by seven years in 48 children. There was a significantly
lower risk in the inhaled steroid group compared with the systemic
steroid group (RR 0.42, 95% Cl 0.19 to 0.94; RD -0.31, 95% Cl -0.58
to -0.05; NNTB 3, 95% CI 2 to 20; Analysis 2.11; moderate-quality
evidence). Tests for heterogeneity not applicable.

DISCUSSION

Summary of main results

This review demonstrated that early use of inhaled steroids is not
associated with any significant difference in the incidence of death
or bronchopulmonary dysplasia (BPD) at 36 weeks' postmenstrual
age or at 28 days of age compared with the early use of systemic
steroids. We found no evidence that inhaled steroids decrease
the incidence of BPD at 36 weeks' postmenstrual age or at 28
days of age compared to systemic steroids. Inhaled steroid use
compared with systemic steroids use was associated with increase
in the incidence of PDA, longer duration of mechanical ventilation
and longer duration of supplemental oxygen. Inhaled steroid use
compared with systemic corticosteroid use was associated with
decrease in the incidence hyperglycaemia and in the incidence
of children ever diagnosed as asthmatic by age seven years. In a
subgroup of 52 infants there were no significant differences in other
long-term outcomes at seven years of age.
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We found no evidence that early inhaled steroids confer important
advantages over systemic steroids in the management of ventilated
preterm infants. Further studies need to be performed before early
steroids, either inhaled or systemic, can be recommended as safe
for prevention of BPD in preterm infants. Only a small sample of
infants have been followed to seven years of age with no differences
observed between the inhaled and systemic steroid groups.

Both studies received grant support and the industry provided aero
chambers and metered dose inhalers of budesonide and placebo
for the larger study. No conflict of interest was identified.

Overall completeness and applicability of evidence

An intriguing observation made by Halliday 200la was the
statistically significant decrease in the incidence of patent ductus
arteriosus (PDA) in infants treated with systemic compared with
inhaled steroids. Use of antenatal corticosteroids has shown to
decrease the PDA incidence (Aghajafari 2001). Early postnatal
dexamethasone therapy in preterm infants with respiratory distress
syndrome (RDS) has been shown to decrease the incidence of PDA
(Doyle 2014b; Yeh 1997). Heyman 1990 proposed that closure of
PDA could be achieved by dexamethasone. Glucocorticoids may
have an effect on PDA through an interference in prostaglandin
synthesis or through a reduction in sensitivity of ductal muscle to
prostaglandin E2 (Clyman 1981; Clyman 1987).

In the current review, hyperglycaemia was less common in the
inhaled steroid group. There was a decrease in the incidence
of gastrointestinal haemorrhage and gastrointestinal perforation
in the inhaled steroid group which was of borderline statistical
significance. There were no significant differences in incidences of
other adverse effects between the groups. Overall, it would appear
that inhaled steroids are less likely to have short-term adverse
effects than systemic steroids. However, data from long-term
follow-up studies are needed before use of inhaled steroids can
be said to be preferable to systemic steroids. Early use of inhaled
versus systemic steroids cannot presently be recommended for the
prevention of BPD in the preterm infant.

Another major concern with studies of inhaled steroid therapy
is the uncertainty regarding drug delivery and deposition in the
oropharynx and in the peripheral airways. Numerous factors affect
drug delivery and deposition including the number of particles in
the respirable range, the delivery technique (use of metered dose
inhalers with or without a spacer, nebulizers (jet or ultrasonic))
and the presence or absence of an endotracheal tube. Previous
reports have shown that the amount of aerosol delivery varies
from 0.4% to 14% based on the technique used (Arnon 1992; Grigg
1992; O'Callaghan 1992). Some studies have suggested that the
delayed onset of activity (Dimitriou 1997) and similar risk profile of
inhaled steroids (Shah 2003) are consistent with their effects being
secondary to systemic absorption.

Identification of an effective dose of inhaled steroids and
improvements in drug delivery systems guaranteeing selective
delivery in the alveoli and smaller airways may improve the clinical
efficacy and decrease the side-effect profile of inhalational steroids.

Quality of the evidence

According to GRADE assessment, the quality of the evidence was
moderate to low (Summary of findings for the main comparison;
Summary of findings 2; Summary of findings 3). Evidence quality
was downgraded based on design (risk of bias), consistency across
studies (heterogeneity) and precision of the estimates (sample
size).

Potential biases in the review process

A review author (HH) is also the author of an included study
(Halliday 2001a). Professor Halliday was not involved in the
assessment of risk of bias or data abstraction from that study, which
was performed by the other three review authors.

Agreements and disagreements with other studies or
reviews

Systematic reviews of early postnatal systemic corticosteroids (<
7 days of age) versus placebo or no treatment have shown a
significant decrease in the incidence of BPD and the combined
outcome of BPD and death at 28 days and 36 weeks' postmenstrual
age (Doyle 2014b; Shah 2001). A borderline increased risk of
periventricular leukomalacia was noted in the infants who received
dexamethasone. In the reviews of systemic postnatal corticosteroid
therapy administered after seven days of age a decrease in the
combined outcome of BPD at 36 weeks and mortality was shown
(Doyle 2014a; Shah 2001). There was no evidence that the duration
of hospitalisation or need for supplemental oxygen was decreased
(Shah 2001). Early administration of inhaled steroids in the first two
weeks of life to ventilated very low birth weight infants showed
no evidence of decrease in the incidence of BPD (Shah 2017a).
However, there was increasing evidence from the trials reviewed
that early administration of inhaled steroids to very low birth
weight neonates was effective in reducing the incidence of death or
BPD at 36 weeks' postmenstrual age among either all randomised
infants or among survivors.

AUTHORS' CONCLUSIONS

Implications for practice

No new trials meeting inclusion criteria were identified for this
update. Lack of evidence leads to the conclusion that inhaled
steroids versus systemic steroids cannot be recommended as part
of standard practice.

Implications for research

Further randomised controlled trials are needed that address
the risk/benefit ratio of different delivery techniques, dosing
schedules and long-term effects of inhaled steroids compared with
systemic steroids, with particular attention to neurodevelopmental
outcome.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Groneck 1999

Methods Open comparative study.

Blinding of randomisation: No.
(alternate allocation)

Blinding of intervention: No
Blinding of outcome measurement: No
Complete follow up: Yes

Study period: 5 month period - dates not stated. Study location: Neonatal intensive care units of the
Children’s Hospital in Cologne, and the Perinatal Center at Women’s Hospital, Cologne-Holweide,
Cologne, Germany.

Participants Preterm neonates < 1200 g, mechanically ventilated and requiring FiO, > 0.30 on third day of life.

16 infants entered into the study.
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Groneck 1999 (continued)

Demographic data:
Values presented as mean (range) or as numbers (percentage)

Inhaled steroid group N=7

Birth weight: 800 g (range = 500 to 1020 g)

Gestational age (weeks): 26.1 (range = 25 to 28 weeks)
Male/female ratio: 3/4

Maternal steroids: 5

Maximum oxygenation index on day 1: 9.5 (5.6 to 19.6)

Systemic steroid groupN =9

Birth weight: 847 g (range = 660 to 1030 g)

Gestational age: 26.2 weeks (range = 25 to 28 weeks)
Male/female ratio: 3/6

Maternal steroids: 7

Maximum oxygenation index on day 1: 10.5 (5.3 to 16.0)

Interventions

Inhaled beclomethasone (Sanasthmax, Glaxo, Bad Oldesloe, Germany) was given from day 3 to day 28.
It was administered by an Aerochamber (Trudell Medical, London, Ontario, Canada) into the ventilato-
ry circuit at a dose of 3 x 2 puffs of 250 pg. After extubation, inhalation therapy was continued by face
mask, and the aero chamber was connected to a ventilation bag.

7 infants received inhaled beclomethasone while 9 received systemic dexamethasone.

No systemic steroids were given to infants treated with inhaled steroids during the first month. Sys-
temic dexamethasone was given thereafter if the infant was still on mechanical ventilation.

Systemic dexamethasone was given at starting dose of 0.5 mg/kg/day for 3 days; thereafter the dose
was gradually tapered over 10 or 28 days depending on the clinical status of the baby. Duration of
treatment was at the discretion of attending physician.

Outcomes Pulmonary inflammation (assessed by analysing levels of inflammatory mediators like free elastase, se-
cretory component of IgA albumin, interleukin-8 and elastase alpha-1 proteinase inhibitor) in tracheal
aspirates. Other outcome variables were days on mechanical ventilation, days on supplemental oxygen
and BPD (oxygen dependency and radiological abnormalities on day 28).

Notes Due to poor clinical results (BPD in 6/7 infants), allocation to inhaled steroids was stopped for ethical
reasons after treatment of 7 neonates.

The study received grant sponsorship from Deutsche Forschungsgemeinschaft.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk No information provided on random sequence generation

tion (selection bias)

Allocation concealment High risk Open comparative study. Infants were assigned by alternate allocation

(selection bias)

Blinding (performance High risk The intervention allocation was known to staff

bias and detection bias)

All outcomes

Blinding of participants High risk The intervention allocation was known to personnel

and personnel (perfor-

mance bias)

All outcomes
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Groneck 1999 (continued)

Blinding of outcome as- High risk Outcome assessments were performed by personnel, who knew the allocation
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Allinfants, who entered the study were accounted for
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk The study protocol was not available to us so we cannot judge if there were
porting bias) any deviations from the protocol or not
Other bias High risk The study was closed prematurely

Halliday 2001a

Methods Multicentre, randomised open study.
Blinding of randomisation: Yes.
Blinding of intervention : Not in all centres. 11 centres : Yes, 36 centres : No
Blinding of outcome measurement : No
Complete follow up : Yes

Study period: February 1994 to December 1998. Study location: 47 neonatal intensive care units (United
Kingdom, Ireland, Canada, Sweden, Norway, Poland, Switzerland, Greece and UAE and Singapore)

Participants 570 infants from 47 neonatal intensive care units (UK, Ireland, Canada, Sweden, Norway, Poland,
Switzerland, Greece and UAE and Singapore) were enrolled. Inclusion criteria: Gestational age <30
weeks, postnatal age < 72 hours, need for mechanical ventilation, inspired FiO, > 0.30. Infants of 30 to
31 weeks could also be included if they needed > 0.50 FiO,.

Exclusion criteria: congenital lethal anomalies, severe intraventricular haemorrhage (grade 3 or 4)
and proven systemic infection before entry. A strong suspicion of infection, uncontrolled hypertension
and hyperglycaemia was considered to be indication to postpone trial entry until they resolved, provid-
ed that this occurred within 72 hours of birth.

Study period: February 1994 to December 1998.

The trial had a factorial design and similar numbers of infants were allocated to each group.
Group 1 was allocated to early (< 72 hours) dexamethasone (N = 135);

Group 2, delayed (> 15 days) dexamethasone (N = 150);

Group 3, early budesonide (N = 143);

Group 4, delayed selective budesonide (N = 142).

Group 1 (early < 72 hours dexamethasone) and Group 3 (early budesonide) are included in this analysis.
Demographic data: values presented as mean (SD) or as appropriate

Early dexamethasone group 1, N =135

Gestational age: 27.4 weeks (SD 1.9)

Birth weight: 1017 g (290)

Sex (female/male) (number): 50/85

Antenatal steroids (number and percentage): 82 (61%)
Clinical Risk Index for Babies score: median 7, range 0 to 19

Early budesonide group 3, N =143
Gestational age (weeks): 27.3 (SD 1.8)
Birth weight: 1010 g (284)

Inhaled versus systemic corticosteroids for preventing bronchopulmonary dysplasia in ventilated very low birth weight preterm 28
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Halliday 2001a (Continued)

Sex (female/male) (number of infants): 79/64

Antenatal steroids (number and percentage): 88 (62%)
Surfactant treatment: 133 (93%)

Clinical Risk Index for Babies score: Median 6, Range 1 to 18

Interventions

1. Budesonide was administered using a metered dose inhaler (MDI; 200 pg/puff; Pulmicort, Astra Dra-
co, Lund, Sweden) connected to spacing device (Aerochamber MV 15; Trudell Medical, Canada). The
aero chamber was a rigid, clear plastic cylinder, 11 by 4.1 cm with an approximate capacity of 145 mL.
After endotracheal suctioning, the MDI was shaken and inserted into the spacing chamber. The spacer
was then filled with 100% oxygen and infant's FiO, was increased by 20%. The aero chamber was con-
nected into the ventilatory circuit and manual inflations were given through the chamber using an in-
flatable bag. Budesonide was administered as soon as chest wall movements were established. A 500
to 1000 g infant was given 2 puffs twice daily and a 1000 to 1500 g infant was given 3 puffs twice daily.
The puffs were given one at a time, activating MDI at end expiration and allowing 10 breaths after each
activation. After each administration, the chamber was removed from the ventilator circuit and the in-
fant was reconnected to the ventilator at the previous settings. The duration of budesonide treatment
was up to 12 days provided the infant remained intubated. If the infant was extubated before 12 days
budesonide was discontinued.

2. Dexamethasone was administered IV or orally in initial dose of 0.5 mg/kg/day in 2 divided doses for
3 days, followed by 0.25 mg/kg/day in 2 divided doses for 3 days, then 0.10 mg/kg/day for 3 days, and
finally 0.05 mg/kg/day in 2 divided doses for 3 days. The total duration of treatment was 12 days.

Outcomes

1. Primary outcome measure was death or oxygen dependency at 36 weeks' postmenstrual age.

2. Secondary outcome measures included death or major cerebral abnormality on ultrasound nearest
to 6 weeks, death or oxygen dependency at 28 days and expected date of delivery, duration of FiO, >
0.40, duration of any supplemental oxygen, duration of assisted ventilation by endotracheal tube and
duration of hospital stay.

3. Complications such as pneumothorax, other pulmonary air leaks, NEC, acquired pneumonia, PDA re-
quiring treatment, pulmonary haemorrhage requiring increased ventilation, seizures treated with an
anticonvulsant

4. Neurodevelopmental and respiratory follow-up results at 7 years of age for children from the UK and
Ireland were reported on 28 infants in the early budesonide group (80% of survivors) and on 24 infants
in the early dexamethasone group (75% of survivors).

Notes

The study was conducted double blind in 11 centres, and in these centres placebo MDIs and intra-
venous saline were used to mask treatment allocation. This study was supported by a grant from Ac-
tion Research, United Kingdom. Trudell Medical, London Ontario, Canada supplied Aerochambers, and
Astra, Draco, Lund, Sweden supplied the metered dose inhalers (MDIs) of budesonide and placebo

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Multicentre, randomised open study

Random number sequence generation performed by the trial statistician, in-
dependent of researchers

Allocation concealment Low risk Once an infant had fulfilled entry criteria, the supervising clinician telephoned
(selection bias) the randomisation centre in Belfast to enrol an infant and determine the treat-
ment group
Blinding (performance High risk Not in all centres. 11 centres: Yes, 36 centres: No
bias and detection bias)
All outcomes
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Halliday 2001a (Continued)

Blinding of participants High risk Notin all centres. 11 centres: Yes, 36 centres: No
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not in all centres. 11 centres: Yes, 36 centres: No. The long-term follow-up out-
sessment (detection bias) comes were assessed by assessors blinded to the group assignments (Low risk)
All outcomes

Incomplete outcome data  Low risk Outcome data reported on all enrolled infants
(attrition bias)
All outcomes

Selective reporting (re- Low risk According to the first author (HH) there was no selective reporting
porting bias)

Other bias Unclear risk Appears free of other bias

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Dimitriou 1997 The study was excluded because infants who were not ventilator-dependent were also included in
the study. Also, the age of starting treatment with corticosteroids varied from five to 118 days

Kovécs 1998 The study was excluded as infants assigned to the steroid group received intravenous dexametha-
sone for three days followed by nebulised budesonide for 18 days while infants in the control group
received saline solution first systemically and then by nebulization

Mazulov 2013 The objective of the study was to determine the effect of inhaled and systemic corticosteroids dur-
ing the first two weeks of life on preventing BPD in ventilated very low birth weight infants. The first
author of the study informed us that it was not a randomised controlled study.

Parikh 2004 The study was excluded as all participants initially received a seven day course of dexamethasone
and then were randomised to receive inhaled beclomethasone or placebo for 28 days

DATA AND ANALYSES

Comparison 1. Inhaled versus systemic steroids among all randomised

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Death or BPD at 36 weeks' 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.09[0.88, 1.35]

postmenstrual age

2 BPD at 36 weeks' postmenstru- 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.45[0.99,2.11]
al age
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

3 Death at 36 weeks' postmen- 2 294 Risk Ratio (M-H, Fixed, 95% CI) 0.83[0.56, 1.23]
strual age

4 Death or BPD at 28 days 2 294 Risk Ratio (M-H, Fixed, 95% CI) 1.05[0.93, 1.20]
5BPD at 28 days 2 294 Risk Ratio (M-H, Fixed, 95% Cl) 1.21[0.98,1.48]
6 Death at 28 days 2 294 Risk Ratio (M-H, Fixed, 95% Cl) 0.80[0.51, 1.25]
7 Duration of mechanical venti- 2 294 Mean Difference (IV, Fixed, 95% 3.89[0.24, 7.55]
lation (days) Cl)

8 Duration of supplemental oxy- 2 294 Mean Difference (IV, Fixed, 95% 11.10[1.97,20.22]
gen (days) Cl)

9 Hyperglycaemia 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 0.52[0.39,0.71]
10 Patent ductus arteriosus 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.64[1.23,2.17]
11 Gastrointestinal haemorrhage 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 0.40[0.16, 1.02]
12 Gastrointestinal perforation 1 278 Risk Ratio (M-H, Fixed, 95% CI) 0.16[0.02, 1.29]
13 Infants with detectable free 1 16 Risk Ratio (M-H, Fixed, 95% CI) 8.75[0.52, 145.86]
elastase (inflammatory media-

tor) in tracheal aspirate fluid on

day 14

14 Pneumothorax 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 0.88[0.56, 1.39]
15 Other air leaks 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.05[0.58, 1.90]
16 Pulmonary haemorrhage 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.02[0.48,2.16]
17 Hypertension 1 278 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.44, 1.29]
18 Necrotising enterocolitis 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.42[0.60, 3.36]
19 Retinopathy of prematurity - 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.11[0.72,1.71]
any stage

20 Retinopathy of prematurity = 1 278 Risk Ratio (M-H, Fixed, 95% Cl) 1.32[0.43,4.06]
stage 3

21 Sepsis 1 278 Risk Ratio (M-H, Fixed, 95% CI) 1.04[0.73,1.49]
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Analysis 1.1. Comparison 1 Inhaled versus systemic steroids among all
randomised, Outcome 1 Death or BPD at 36 weeks' postmenstrual age.

Study or subgroup Inhaled systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 82/143 71/135 B 100% 1.09[0.88,1.35]
Total (95% CI) 143 135 —~— 100% 1.09[0.88,1.35]

Total events: 82 (Inhaled steroids), 71 (systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.79(P=0.43)

Favours inhaled steroids 05 0.7 1 15 2 Favours systemic steroids

Analysis 1.2. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 2 BPD at 36 weeks' postmenstrual age.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 49/143 32/135 e 100% 1.45[0.99,2.11]
Total (95% CI) 143 135 e 100% 1.45[0.99,2.11]

Total events: 49 (Inhaled steroids), 32 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=1.91(P=0.06)

Favours inhaled steroids 05 07 1 15 2 Favours systemic steroids

Analysis 1.3. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 3 Death at 36 weeks' postmenstrual age.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Groneck 1999 1/7 0/9 } + 1.1% 3.75[0.18,80.19]
Halliday 2001a 33/143 39/135 . 98.9% 0.8[0.54,1.19]
Total (95% Cl) 150 144 * 100% 0.83[0.56,1.23]
Total events: 34 (Inhaled steroids), 39 (Systemic steroids) ‘

Heterogeneity: Tau?=0; Chi*=0.97, df=1(P=0.33); 1>=0% ‘

Test for overall effect: Z=0.92(P=0.36) ‘

Favours inhaled steroids 001 0.1 1 10 100 Favours systemic steroids
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Analysis 1.4. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 4 Death or BPD at 28 days.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groneck 1999 6/7 2/9 ‘—o— 1.61% 3.86[1.1,13.59]
Halliday 2001a 111/143 104/135 . 98.39% 1.01[0.89,1.14]
|
Total (95% CI) 150 144 * 100% 1.05[0.93,1.2]
Total events: 117 (Inhaled steroids), 106 (Systemic steroids) ‘
Heterogeneity: Tau?=0; Chi*=4.55, df=1(P=0.03); 1>=78.02% ‘
Test for overall effect: Z=0.79(P=0.43) ‘ ‘ ‘ ‘ ‘
Favours inhaled steroids 001 0.1 1 10 100 Favours systemic steroids

Analysis 1.5. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 5 BPD at 28 days.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Groneck 1999 6/7 2/9 — 2.34% 3.86[1.1,13.59]
Halliday 2001a 86/143 71/135 . 97.66% 1.14[0.93,1.41]
Total (95% CI) 150 144 k 100% 1.21[0.98,1.48]
Total events: 92 (Inhaled steroids), 73 (Systemic steroids) ‘

Heterogeneity: Tau?=0; Chi*=3.53, df=1(P=0.06); 1>=71.66% ‘

Test for overall effect: Z=1.8(P=0.07) ‘

Favours inhaled steroids ~ 0-01 0.1 1 10 100 Favours systemic steroids

Analysis 1.6. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 6 Death at 28 days.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groneck 1999 0/7 0/9 Not estimable
Halliday 2001a 28/143 33/135 . 100% 0.8[0.51,1.25]
Total (95% CI) 150 144 ——e— 100% 0.8[0.51,1.25]

Total events: 28 (Inhaled steroids), 33 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.98(P=0.33)

Favours inhaled steroids 05 0.7 1 15 2 Favours systemic steroids
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Analysis 1.7. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 7 Duration of mechanical ventilation (days).
Study or subgroup Inhaled steroids systemic steroids Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Groneck 1999 7 21(7) 9 15.2(1.2) —— 48.51% 5.8[0.56,11.04]
Halliday 2001a 143 20 (20.7) 135 17.9 (22.5) —— 51.49% 2.1[-2.99,7.19]
Total *** 150 144 N 100% 3.89[0.24,7.55]
Heterogeneity: Tau?=0; Chi*=0.98, df=1(P=0.32); 1>=0%
Test for overall effect: Z=2.09(P=0.04)
Favours inhaled steroids -0 5 0 5 10 Favours systemic steroids

Analysis 1.8. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 8 Duration of supplemental oxygen (days).

Study or subgroup Inhaled steroids Systemic steroids Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Groneck 1999 7 38.2(11.8) 9 22.7(11.5) \ e 62.67% 15.5[3.97,27.03]
Halliday 2001a 143 53(53.6) 135 49.3(71.6) 37.33% 3.7[-11.24,18.64]
Total *** 150 144 ‘0 100% 11.1[1.97,20.22]
Heterogeneity: Tau?=0; Chi*=1.5, df=1(P=0.22); 1>=33.46% ‘

Test for overall effect: Z=2.38(P=0.02) ‘

Favours inhaled steroids ~ -100 50 0 50 100 Favours systemic steroids

Analysis 1.9. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 9 Hyperglycaemia.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 40/143 72/135 . 100% 0.52[0.39,0.71]
Total (95% Cl) 143 135 & 100% 0.52[0.39,0.71]
Total events: 40 (Inhaled steroids), 72 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=4.12(P<0.0001)
Favours inhaled steroids 001 0.1 1 10 100 Favours systemic steroids

Analysis 1.10. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 10 Patent ductus arteriosus.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 78/143 45/135 B 100% 1.64[1.23,2.17]
Favours inhaled steroids 02 0.5 1 2 5 Favours systemic steroids
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Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% CI) 143 135 - 100% 1.64[1.23,2.17]

Total events: 78 (Inhaled steroids), 45 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=3.43(P=0)

Favours inhaled steroids 02 0.5 1 2 5 Favours systemic steroids

Analysis 1.11. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 11 Gastrointestinal haemorrhage.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 6/143 14/135 e 100% 0.4[0.16,1.02]
Total (95% Cl) 143 135 e 100% 0.4[0.16,1.02]

Total events: 6 (Inhaled steroids), 14 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=1.91(P=0.06)

Favours inhaled steroids ~ 0-01 0.1 1 10 100 Favours systemic steroids

Analysis 1.12. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 12 Gastrointestinal perforation.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 1/143 o3s  —J—— 100% 0.16[0.02,1.29]
Total (95% CI) 143 135 ——— 100% 0.16[0.02,1.29]

Total events: 1 (Inhaled steroids), 6 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=1.72(P=0.08)

Favours inhaled steroids ~ 0-01 0.1 1 10 100 Favours systemic steroids

Analysis 1.13. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 13
Infants with detectable free elastase (inflammatory mediator) in tracheal aspirate fluid on day 14.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groneck 1999 37 0/9 - B 100% 8.75[0.52,145.86]
Total (95% Cl) 7 9 —~ 100% 8.75[0.52,145.86]
Total events: 3 (Inhaled steroids), 0 (Systemic steroids)
Favours inhaled steroids ~ 0-001 0.1 1 10 1000 Favours systemic steroids
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Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Not applicable
Test for overall effect: Z=1.51(P=0.13)

Favours inhaled steroids

0.001

0.1 1 10

1000 Favours systemic steroids

Analysis 1.14. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 14 Pneumothorax.
Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 28/143 30/135 e 100% 0.88[0.56,1.39]
Total (95% Cl) 143 135 e — 100% 0.88[0.56,1.39]
Total events: 28 (Inhaled steroids), 30 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)
Favours inhaled steroids ~ 0-5 0.7 1 15 2

Favours systemic steroids

Analysis 1.15. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 15 Other air leaks.
Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Halliday 2001a 20/143 18/135 - B 100% 1.05[0.58,1.9]
Total (95% Cl) 143 135 -—¢> 100% 1.05[0.58,1.9]
Total events: 20 (Inhaled steroids), 18 (Systemic steroids) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.16(P=0.87) ‘

Favours inhaled steroids 0.5 0. 1 15 2 Favours systemic steroids

Analysis 1.16. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 16 Pulmonary haemorrhage.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Halliday 2001a 13/143 12/135 —.— 100% 1.02[0.48,2.16]
Total (95% Cl) 143 135 ¢ 100% 1.02[0.48,2.16]
Total events: 13 (Inhaled steroids), 12 (Systemic steroids) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.06(P=0.95) ‘

Favours inhaled steroids 02 0.5 1 2 5 Favours systemic steroids
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Analysis 1.17. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 17 Hypertension.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 20/143 25/135 B 100% 0.76[0.44,1.29]

Total events: 20 (Inhaled steroids), 25 (Systemic steroids)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%

Total (95% ClI) 143 135 ——— 100% 0.76[0.44,1.29]
Test for overall effect: Z=1.02(P=0.31)

Favours inhaled steroids 02 0.5 1 2 5 Favours systemic steroids

Analysis 1.18. Comparison 1 Inhaled versus systemic steroids
among all randomised, Outcome 18 Necrotising enterocolitis.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 12/143 8/135 - 100% 1.42(0.6,3.36]
Total (95% CI) 143 135 e —— 100% 1.42[0.6,3.36]

Total events: 12 (Inhaled steroids), 8 (Systemic steroids)

Heterogeneity: Not applicable

Test for overall effect: Z=0.79(P=0.43)

Favours inhaled steroids 02 0.5 1 2 5 Favours systemic steroids

Analysis 1.19. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 19 Retinopathy of prematurity - any stage.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Halliday 2001a 34/143 29/135 B 100% 1.11[0.72,1.71]
Total (95% C) 143 135 i 100% 1.11[0.72,1.71]

Total events: 34 (Inhaled steroids), 29 (Systemic steroids) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.46(P=0.65) ‘

1

Favours inhaled steroids 05 07 15 2 Favours systemic steroids
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Analysis 1.20. Comparison 1 Inhaled versus systemic steroids among
all randomised, Outcome 20 Retinopathy of prematurity = stage 3.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 7/143 5/135 B 100% 1.32[0.43,4.06]
Total (95% Cl) 143 135 e —— 100% 1.32[0.43,4.06]
Total events: 7 (Inhaled steroids), 5 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.49(P=0.63)
Favours inhaled steroids 02 0.5 1 2 5

Favours systemic steroids

Analysis 1.21. Comparison 1 Inhaled versus systemic steroids among all randomised, Outcome 21 Sepsis.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 44/143 40/135 —.— 100% 1.04[0.73,1.49]
Total (95% ClI) 143 135 ¢ 100% 1.04[0.73,1.49]

Total events: 44 (Inhaled steroids), 40 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.21(P=0.84)

Favours inhaled steroids 0.5 0.7 15 2 Favours systemic steroids
Comparison 2. Inhaled versus systemic steroids among survivors
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 BPD at 36 weeks' postmenstrual 1 206 Risk Ratio (M-H, Fixed, 95% 1.34[0.94, 1.90]
age Cl)
2 BPD at 28 days 2 233 Risk Ratio (M-H, Fixed, 95% 1.14[0.96, 1.34]
cn
3 General conceptual ability (GCA) 1 52 Mean Difference (1V, Fixed, 3.80[-5.85, 13.45]
score at 7 years 95% Cl)
4 Child Behaviour Checklistat 7years 1 52 Mean Difference (1V, Fixed, -1.40[-7.12,4.32]
95% Cl)
5 Strengths and Difficulties Question- 1 52 Mean Difference (1V, Fixed, 1.20[-2.12,4.52]
naire at 7 years 95% Cl)
6 Cerebral palsy at 7 years 1 47 Risk Ratio (M-H, Fixed, 95% 1.76 [0.36, 8.70]
cl
7 Moderate/severe disability at 7 1 52 Risk Ratio (M-H, Fixed, 95% 0.64[0.16, 2.59]
years Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

8 Death or moderate/severe disability 1 76 Risk Ratio (M-H, Fixed, 95% 0.84[0.49, 1.45]

at 7 years Cl)

9 Systolic blood pressure > 95th per- 1 45 Risk Ratio (M-H, Fixed, 95% 0.88[0.06, 13.14]

centile at 7 years Cl)

10 Diastolic blood pressure > 95th 1 45 Risk Ratio (M-H, Fixed, 95% 1.75[0.17,17.95]

percentile at 7 years Cl)

11 Ever diagnosed as asthmatic at 7 1 48 Risk Ratio (M-H, Fixed, 95% 0.42[0.19, 0.94]

years Cl)

Analysis 2.1. Comparison 2 Inhaled versus systemic steroids
among survivors, Outcome 1 BPD at 36 weeks' postmenstrual age.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 49/110 32/96 B 100% 1.34[0.94,1.9]
Total (95% Cl) 110 96 —l— 100% 1.34[0.94,1.9]
Total events: 49 (Inhaled steroids), 32 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=1.62(P=0.11)
Favours inhaled steroids 05 07 1 L5 2

Favours systemic steroids

Analysis 2.2. Comparison 2 Inhaled versus systemic steroids among survivors, Outcome 2 BPD at 28 days.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Groneck 1999 6/7 2/9 ‘—o— 2.27% 3.86[1.1,13.59]
Halliday 2001a 86/115 71/102 97.73% 1.07[0.91,1.27]
Total (95% Cl) 122 111 100% 1.14[0.96,1.34]

Total events: 92 (Inhaled steroids), 73 (Systemic steroids)
Heterogeneity: Tau?=0; Chi*=4.07, df=1(P=0.04); 1>=75.41%
Test for overall effect: Z=1.52(P=0.13)

Favours inhaled steroids

0.01

0.1

|
“
|
\

10 100 Favours systemic steroids
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Analysis 2.3. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 3 General conceptual ability (GCA) score at 7 years.

Study or subgroup Inhaled steroids Systemic steroids Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Halliday 2001a 28 90.6 (19.4) 24 86.8 (16.1) . 100% 3.8[-5.85,13.45]
Total *** 28 24 # 100% 3.8[-5.85,13.45]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=0.77(P=0.44) ‘

Favours inhaled steroid ~ -100 -50 0 50 100 Favours systemic steroid

Analysis 2.4. Comparison 2 Inhaled versus systemic steroids
among survivors, Outcome 4 Child Behaviour Checklist at 7 years.

Study or subgroup Inhaled steroids Systemic steroids Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Halliday 2001a 28 43.7(10.5) 24 45.1(10.5) . 100% 1.4[-7.12,4.32]
Total *** 28 24 # 100% -1.4[-7.12,4.32]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.48(P=0.63) ‘
Favours inhaled steroid ~ -100 -50 0 50 100 Favours systemic steroid

Analysis 2.5. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 5 Strengths and Difficulties Questionnaire at 7 years.

Study or subgroup Inhaled steroids Systemic steroids Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Halliday 2001a 28 12 (6.5) 24 10.8 (5.7) . 100% 1.2[-2.12,4.52]
Total *** 28 24 # 100% 1.2[-2.12,4.52]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.71(P=0.48) ‘
Favours inhaled steroid ~ -100 -50 0 50 100 Favours systemic steroid

Analysis 2.6. Comparison 2 Inhaled versus systemic steroids among survivors, Outcome 6 Cerebral palsy at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 4/25 2/22 B 100% 1.76(0.36,8.7]
Total (95% Cl) 25 22 ——— 100% 1.76[0.36,8.7]

Total events: 4 (Inhaled steroids), 2 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.69(P=0.49)

Favours inhaled steroid ~ 0:01 0.1 1 10 100 Favours systemic steroid
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Analysis 2.7. Comparison 2 Inhaled versus systemic steroids
among survivors, Outcome 7 Moderate/severe disability at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Halliday 2001a 328 4)24 + 100% 0.64[0.16,2.59]
Total (95% Cl) 28 24 * 100% 0.64[0.16,2.59]
Total events: 3 (Inhaled steroids), 4 (Systemic steroids) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.62(P=0.53) ‘

Favours inhaled steroid ~ 0-01 0.1 1 10 100 Favours systemic steroid

Analysis 2.8. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 8 Death or moderate/severe disability at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Halliday 2001a 15/40 16/36 ' 100% 0.84[0.49,1.45]
Total (95% Cl) 40 36 * 100% 0.84[0.49,1.45]
Total events: 15 (Inhaled steroids), 16 (Systemic steroids) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.61(P=0.54) ‘

Favours inhaled steroid ~ 001 0.1 1 10 100 Favours systemic steroid

Analysis 2.9. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 9 Systolic blood pressure > 95th percentile at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 1/24 121 e 100% 0.88[0.06,13.14]

Total (95% CI) 24 21 ¢ 100% 0.88[0.06,13.14]

Total events: 1 (Inhaled steroids), 1 (Systemic steroids)

Heterogeneity: Not applicable

10 100 Favours systemic steroid

Test for overall effect: Z=0.1(P=0.92) ‘
1

Favours inhaled steroid ~ 0.01 0.1
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Analysis 2.10. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 10 Diastolic blood pressure > 95th percentile at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 224 121 B 100% 1.75(0.17,17.95]
Total (95% CI) 24 21 ——e 100% 1.75[0.17,17.95]
Total events: 2 (Inhaled steroids), 1 (Systemic steroids)
Heterogeneity: Not applicable
Test for overall effect: Z=0.47(P=0.64)
Favours inhaled steroid ~ 0:01 0.1 1 10 100 Favours systemic steroid

Analysis 2.11. Comparison 2 Inhaled versus systemic steroids among
survivors, Outcome 11 Ever diagnosed as asthmatic at 7 years.

Study or subgroup Inhaled Systemic Risk Ratio Weight Risk Ratio
steroids steroids
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Halliday 2001a 6/26 12/22 B 100% 0.42[0.19,0.94]
Total (95% CI) 26 22 - 100% 0.42[0.19,0.94]

Total events: 6 (Inhaled steroids), 12 (Systemic steroids)

Heterogeneity: Not applicable

Test for overall effect: Z=2.11(P=0.03)

Favours [inhaled steroid] ~ 0-01 0.1 1 10 100 Favours [systemic steroi]

APPENDICES

Appendix 1. Previous search methodology

For previous versions of the review, randomised controlled trials comparing inhaled versus systemic corticosteroid therapy in preterm
infants were identified from MEDLINE (1966 to 2011) using MeSH headings: infant-newborn, chronic lung disease, bronchopulmonary
dysplasia, anti-inflammatory agents, steroids; dexamethasone, administration, inhalation; aerosols, budesonide, beclomethasone
dipropionate, flunisolide and fluticasone propionate.

Other databases were searched including: Cochrane Central Register of Controlled Trials (The Cochrane Library, Issue 6, 2011), Embase
(1980 to 2011), CINAHL (1982 to 2011), reference lists of published trials and abstracts published in Pediatric Research or electronically on
the Pediatric Academic Societies web site (1990 to 2011). No language restrictions were applied.

For the 2011 update, we searched Clinicaltrials.gov, Controlled-trials.com and Web of Science, which were not searched for previous
reviews.

We used the following search strategies for the 2011 updated searches:

PubMed

((bronchopulmonary dysplasia OR lung diseases OR chronic lung disease) AND (anti-inflammatory agents OR steroids OR dexamethasone
OR inhalation OR aerosols OR budesonide OR beclomethasone dipropionate OR flunisolide OR fluticasone propionate)) AND ((infant,
newborn[MeSH] OR newborn OR neon* OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW) AND (randomised
controlled trial [pt] OR controlled clinical trial [pt] OR randomised [tiab] OR placebo [tiab] OR clinical trials as topic [mesh: noexp] OR
randomly [tiab] OR trial [ti]) NOT (animals [mh] NOT humans [mh])) AND (("2007"[PDat] : "3000"[PDat]))

CINAHL
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((bronchopulmonary dysplasia OR lung diseases OR chronic lung disease) AND (anti-inflammatory agents OR steroids OR dexamethasone
OR inhalation OR aerosols OR budesonide OR beclomethasone dipropionate OR flunisolide OR fluticasone propionate) ) and ( ( infant,
newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW) AND ( randomised controlled trial
OR controlled clinical trial OR randomised OR placebo OR clinical trials as topic OR randomly OR trial OR PT clinical trial) ) 2007 - Present

Cochrane Central Register of Controlled Trials

(bronchopulmonary dysplasia OR lung diseases OR chronic lung disease) AND (anti-inflammatory agents OR steroids OR dexamethasone
OR inhalation OR aerosols OR budesonide OR beclomethasone dipropionate OR flunisolide OR fluticasone propionate) and (infant or
newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW), from 2007 to 2011

Embase

1 ((bronchopulmonary dysplasia or lung diseases or chronic lung disease) and (anti-inflammatory agents or steroids or dexamethasone
orinhalation or aerosols or budesonide or beclomethasone dipropionate or flunisolide or fluticasone propionate)).mp. [mp=title, abstract,
subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]
(1849)

2 (infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW).mp.
[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword] (603948)

3 (human not animal).mp. [mp-=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword] (11849457)

4 (randomised controlled trial or controlled clinical trial or randomised or placebo or clinical trials as topic or randomly or trial or clinical
trial).mp. [mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword] (1256505)

5 1land2and3and4(336)
6 limit 5to yr="2007 -Current" (76)
Clinicaltrials.gov

(infant OR newborn) AND (bronchopulmonary dysplasia OR lung disease) AND (anti-inflammatory agents OR steroids OR dexamethasone
ORinhalation OR aerosols OR budesonide OR beclomethasone dipropionate OR flunisolide OR fluticasone propionate)

Controlled-trials.com

(infant OR newborn) AND (bronchopulmonary dysplasia OR lung disease) AND (anti-inflammatory agents OR steroids OR dexamethasone
OR inhalation OR aerosols OR budesonide OR beclomethasone dipropionate OR flunisolide OR fluticasone propionate)

Appendix 2. Standard search methodology for 2017 update
PubMed

((infant, newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or infan* or neonat*)
AND (randomised controlled trial [pt] OR controlled clinical trial [pt] OR randomised [tiab] OR placebo [tiab] OR drug therapy [sh] OR
randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT humans [mh]))

Embase

(infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW or Newborn
or infan* or neonat*) AND (human not animal) AND (randomised controlled trial or controlled clinical trial or randomised or placebo or
clinical trials as topic or randomly or trial or clinical trial)

CINAHL

(infant, newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or Newborn or infan* or
neonat*) AND (randomised controlled trial OR controlled clinical trial OR randomised OR placebo OR clinical trials as topic OR randomly
ORtrial OR PT clinical trial)

Cochrane Library

(infant or newborn or neonate or neonatal or premature or preterm or very low birth weight or low birth weight or VLBW or LBW)
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Appendix 3. Risk of bias tool

We used the standard methods of Cochrane and Cochrane Neonatal to assess the methodological quality (to meet the validity criteria) of
the trials. For each trial, we sought information regarding the method of randomisation, and the blinding and reporting of all outcomes of
all the infants enrolled in the trial. We assessed each criterion as low, high, or unclear risk. Two review authors separately assessed each
study. We resolved any disagreement by discussion. We added this information to Characteristics of included studies. We evaluated the
following issues and entered the findings into the risk of bias table:

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?
For each included study, we categorized the method used to generate the allocation sequence as:

a. Low risk (any truly random process e.g. random number table; computer random number generator);

b. High risk (any non-random process e.g. odd or even date of birth; hospital or clinic record number);

c. Unclear risk.

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorized the method used to conceal the allocation sequence as:

a. Low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

b. High risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth);

c. Unclear risk

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For eachincluded study, we categorized the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for different outcomes or class of outcomes. We categorized the methods as:

a. Low risk, high risk or unclear risk for participants;
b. Low risk, high risk or unclear risk for personnel;

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we categorized the methods used to blind outcome assessment. Blinding was assessed separately for different
outcomes or class of outcomes. We categorized the methods as:

a. Low risk for outcome assessors.
b. High risk for outcome assessors.
¢. Unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were incomplete
outcome data adequately addressed?

For eachincluded study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where sufficient information was reported or supplied by the trial authors, we re-included missing data in the
analyses. We categorized the methods as:

a. Low risk (< 20% missing data);
b. High risk (= 20% missing data);
¢. Unclear risk.

6. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?
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For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. We
assessed the methods as:

a. Low risk (where it is clear that all of the study's pre-specified outcomes and all expected outcomes of interest to the review have been
reported);

b. High risk (where not all the study's pre-specified outcomes have been reported; one or more reported primary outcomes were not pre-
specified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome that
would have been expected to have been reported);

¢. Unclear risk.
7. Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (for example, whether there
was a potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent
process). We assessed whether each study was free of other problems that could put it at risk of bias as:

a. Low risk;

b. High risk;

c. Unclear risk

If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.

WHAT'S NEW

Date Event Description
27 January 2020 Amended Arne Ohlsson deceased.
HISTORY

Protocol first published: Issue 2, 2000
Review first published: Issue 1, 2003

Date Event Description

5 March 2017 New citation required but conclusions No changes to conclusions.
have not changed

5 March 2017 New search has been performed Updated search in February 2017. One new study was found, but
it was excluded as it was not a randomized controlled trial. A
Summary of findings table was included. The quality of the trials
was low according to GRADE.

This updates the review published in 2012 (Shah 2012)

26 March 2012 New search has been performed This review updates the existing review "Inhaled versus systemic
corticosteroids for preventing chronic lung disease in ventilat-
ed very low birth weight preterm neonates" published in the
Cochrane Database of Systematic Reviews Shah 2003.

26 March 2012 New citation required but conclusions Updated search in June 2011 found no new trials.
have not changed No changes to conclusions.
26 June 2008 Amended Converted to new review format.
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Date Event Description

19 July 2007 New search has been performed This updates the review "Inhaled versus systemic corticosteroids
for preventing chronic lung disease in ventilated very low birth
weight preterm neonates" published in The Cochrane Library, Is-
sue 1, 2003 (Shah 2003).

For this update two additional trials were identified, but both tri-
als had to be excluded as the infants received systemic steroids
prior to the use of inhaled steroids.

2 November 2002 New citation required and conclusions Substantive amendment
have changed
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The protocol was not published. For this update on the advice of the Neonatal Cochtrsnr Neonatal Editorial team the primary outcome was
changed to death or BPD at 36 weeks' postmenstrual age and steroids should be started in the first seven days of life. Similarily chronic
lung disease was changed to bronchopulmonary dysplasia in the title and the text. With change in the primary outcome changes to the
secondary outcomes were necessary. Death at 36 weeks' postmenstrual age was added. A subset (127/152, 84%) of infants born in the
UK and Ireland enrolled in the OSECT study (Halliday 2001a) has been followed to a median age of seven years. A post hoc analyses of
these infants have been newly included in this review after availability of the data since long term-follow up information is very important.
Clinically important secondary outcomes have been described more elaborately in this update. If further studies were to be performed,
this would help the researchers identify the areas of need.
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INDEX TERMS

Medical Subject Headings (MeSH)

*Infant, Very Low Birth Weight; *Respiration, Artificial; Administration, Inhalation; Anti-Inflammatory Agents [*administration &
dosage] [adverse effects]; Beclomethasone [administration & dosage]; Bronchopulmonary Dysplasia [*prevention & control];
Budesonide [administration & dosage]; Chronic Disease; Dexamethasone [administration & dosage]; Infant, Premature; Randomized
Controlled Trials as Topic; Respiratory System Agents [administration & dosage] [adverse effects]; Steroids [administration & dosage]
[adverse effects]

MeSH check words

Humans; Infant; Infant, Newborn
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