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Abstract

This review analyzes the beneficial and adverse effects of corticosteroids used in the prevention and treatment of broncho-
pulmonary dysplasia, aiming to provide clinicians with evidence-based information.
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Resumo

Esta revis@o analisa os efeitos benéficos e adversos dos corticosterdides utilizados na prevencéo e tratamento da displasia
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Keypoints

What is known

— Postnatal corticosteroids have been used in neonatology to
prevent and treat bronchopulmonary dysplasia in preterm
infants.

— Clinical trials have examined various corticosteroids, includ-
ing dexamethasone and hydrocortisone used systemically,
and several others used by the inhalation route.

— The use of corticosteroids in preterm infants has shown
benefits but also significant risks, such as cerebral palsy.

What is added

— This review summarizes current evidence on the use of
postnatal corticosteroids in preterm infants.

— The role of corticosteroids in the prevention and treatment
of bronchopulmonary dysplasia is not yet a completely re-
solved issue.

— Systemic corticosteroids are indicated after the first week of
life in ventilator-dependent preterm infants with the aim of
enabling extubation.

Introduction

Bronchopulmonary dysplasia (BPD) remains a signif-
icant chronic morbidity for preterm infants, posing as a
potentially devastating condition with lasting negative
impacts on pulmonary function and neurodevelopmen-
tal outcomes'. Despite advances in obstetric and neo-
natal care over the last few decades, BPD still affects
approximately 50% of preterm infants born before
28 weeks of gestation?. The disease, which has a mul-
tifactorial etiology and complex pathophysiology, is
marked by inflammation in immature lungs and air-
ways"®. Due to their potent anti-inflammatory effects,
corticosteroids were introduced around 50 years ago
to treat breathing problems in preterm infants®.
Enthusiasm for the use of corticosteroids to prevent
and treat BPD emerged in the 1980s. Since then, more
than 80 randomized controlled trials (RCTs) have been
conducted, making corticosteroids one of the most
researched medications and also one of the most con-
troversial interventions in neonatal medicine®®.

Initially, corticosteroids were administered systemi-
cally, and the inhalation route was developed later’.
Clinical trials have examined various corticosteroids,
including dexamethasone and hydrocortisone adminis-
tered systemically, as well as several others adminis-
tered via the inhalation route’.

The objective of this review is to summarize the
results of the most recent literature on the use of cor-
ticosteroids in the prevention and treatment of BPD,
with a focus on highlighting the risks versus the bene-
fits. The aim is to provide clinicians with safe and prac-
tical information for their decision-making processes.

Methods

A literature search was conducted in the PubMed
database for review articles on corticosteroids
for preventing and treating bronchopulmonary dysplasia,

written in English and published from 2010 onwards. The
search included the following keywords: corticosteroids,
dexamethasone, hydrocortisone, budesonide, broncho-
pulmonary dysplasia, surfactant, inhaled, systemic,
intratracheal, adverse effects, neurodevelopment and
cerebral palsy.

The information from the review articles was ana-
lyzed and compiled in this manuscript.

Systemic corticosteroids

The primary corticosteroids administered systemi-
cally to prevent or treat BPD are dexamethasone and
hydrocortisone®®. Dexamethasone has no affinity for
mineralocorticoid receptors; it only exerts glucocorti-
coid effects. It is approximately 25 times more potent
than hydrocortisone and is considered a long-acting
agent, with a duration of action exceeding 36 hours'®'",
The glucocorticoid activity reduces inflammation, sup-
presses immune function, influences nutrient metabo-
lism and aids in the normal response to stress'.
Hydrocortisone is the synthetic analog of endogenous
cortisol and can exert both mineralocorticoid and glu-
cocorticoid effects, depending on the dose and the
patient’s state of stress. It exhibits greater glucocorti-
coid binding in states of high stress and greater miner-
alocorticoid binding in states of low stress'>'
Hydrocortisone is absorbed rapidly through the enteral
route and is short-acting, with a duration of action typ-
ically ranging from eight to 12 hours'. Mineralocorticoid
activity enhances sodium absorption and potassium
excretion in the nephrons, resulting in passive water
retention, increased intravascular volume and elevated
blood pressure'?.

Synthetic glucocorticoids with a long biological action
and little or no mineralocorticoid activity, such as dexa-
methasone, can suppress natural cortisol secretion and
may leave mineralocorticoid receptors unoccupied for
prolonged periods of time. This can lead to neuronal



apoptosis in the developing brain''¢. This may explain
the neurodevelopmental deficits observed in preterm
infants treated with dexamethasone but not with hydro-
cortisone’. A recent systematic review by Jenkinson et
al., aimed at determining the cardiopulmonary and cog-
nitive effects during childhood and adolescence of
dexamethasone systemically administered to preterm
infants during neonatal intensive care, found impaired
respiratory and cognitive outcomes'”.

Meta-analyses of RCTs that assessed risks and ben-
efits of systemic corticosteroids to prevent or treat BPD
have divided the trials based on the timing of treatment
initiation into early (< 7 days after birth) and late
(= 7 days after birth).

Early (< 7 days after birth) systemic
corticosteroids

The administration of systemic corticosteroids during
the first six days of life has beneficial effects as it min-
imizes relative cortisol insufficiency and lung inflamma-
tion caused by factors such as ventilation, surfactant
deficiency, oxygen toxicity, hypoxemia, chorioamnioni-
tis and early-onset sepsis’.

The most recent Cochrane systematic review, con-
ducted by Doyle et al., published in 2021, included 32
trials (21 with dexamethasone and 11 with hydrocorti-
sone) with a total of 4,393 participants®. In these trials,
systemic corticosteroids were compared with a placebo
or no intervention. The characteristics of the individual
trials varied significantly, particularly in terms of treat-
ment durations and cumulative doses of corticoste-
roids. The analysis of the results demonstrated that
early systemic corticosteroids reduced the rates of BPD
at 36 weeks, combined mortality or BPD at 36 weeks,
but not mortality alone at 36 weeks (Table 1). Most of
the reduction in BPD arises from studies using dexa-
methasone rather than hydrocortisone. Both dexameth-
asone and hydrocortisone contribute to a reduction in
combined mortality or BPD at 36 weeks. There is also
evidence that hydrocortisone reduces mortality at the
latest reported age, but dexamethasone does not.
Unfortunately, early administration of dexamethasone
increases the rate of cerebral palsy and the combined
outcome of cerebral palsy or mortality, whereas hydro-
cortisone does not have the same effect.

One of the studies that yielded interesting results
regarding the early use of hydrocortisone is the
PREMILOC trial®. In this double-blind, placebo-con-
trolled RCT conducted at 21 French tertiary centers,
521 preterm infants ranging from 24 to 27 weeks’ ges-
tation were enrolled. Hydrocortisone was administered
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starting from the first day of life at a dose of 8.5 mg/kg
over 10 days. The study found that hydrocortisone
reduced the rate of the primary endpoint of BPD or
mortality at 36 weeks (hydrocortisone 40%; control
49%, RR 0.82; 95% Cl 0.67-0.99; p = 0.04). At the fol-
low-up at 22 months’ corrected age, the rates of cere-
bral palsy were similar in both groups (hydrocortisone
6%; control 5%)'°. The five-year neurocognitive out-
comes of 83 surviving children at one center showed
that hydrocortisone treatment was significantly associ-
ated with a greater chance of survival at five years of
age with a full-scale 1Q equal to or greater than 90
compared to the placebo (adjusted odds ratio = 4.26,
95% Cl = 1.47-12.36, p = 0.008)>°. However, the results
of the PREMILOC trial require confirmation through
additional studies. Therefore, most authors do not yet
recommend its routine use.

Other benefits of early systemic corticosteroids
include increased rates of successful extubation and
lower rates of patent ductus arteriosus and retinopathy
of prematurity’. However, there are also adverse
effects, such as gastrointestinal bleeding, intestinal
perforation, hyperglycemia, hypertension, hypertrophic
cardiomyopathy and growth failure®. These reported
benefits and adverse effects are mostly associated with
dexamethasone, with the exception of intestinal perfo-
ration, which was more common with both hydrocorti-
sone and dexamethasone.

A major limitation of early systemic corticosteroid
studies is their lack of sampling power to assess neu-
rodevelopment in childhood. This limitation means they
do not allow the risks and benefits to be assessed with
certainty®.

Balancing the risks and benefits of early systemic
corticosteroids in the prevention of BPD, it is currently
accepted that they should not be used routinely in clin-
ical practice®. Due to the encouraging results of the
PREMILOC study, more RCTs with early hydrocorti-
sone are needed to assess survival without neurode-
velopmental disability. Before the routine use of
hydrocortisone can be recommended, further evidence
from these trials is needed®.

Late (= 7 days after birth) systemic
corticosteroids

The most recent review on late systemic corticoste-
roids includes 23 trials (21 with dexamethasone and
two with hydrocortisone), recruiting a total of 1,817
infants®. Most infants were ventilator-dependent at
enrolment, and regimens varied significantly in duration
and cumulative dose.
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Table 1. Summary effects of early ( < 7 days after birth) systemic corticosteroids in the various Cochrane reviews

I v e p

BPD at 36 weeks 0.72 [0.63, 0.82]
p < 0.001
ns =17
np = 2,791
Mortality by 36 weeks 1.08 [0.94, 1.23]
p =029
ns =17
np = 2,791
Mortality or BPD by 36 weeks 0.88 [0.81, 0.95]
p < 0.001
ns =17
np = 2,791

1.02 [0.90, 1.16]
p=073
ns =20
np = 2,940

Mortality at latest age report

1.77 [1.21, 2.58]
p = 0.003
ns=17
np =921

Cerebral palsy

0.99 [0.81, 1.21]
p =0.93
ns=17
np =921

Mortality before follow-up

1.18 [1.01, 1.37]
p =0.04
ns=17
np =921

Mortality or cerebral palsy

Data are RR [95% confidence interval].

0.92 [0.81, 1.06] 0.80 [0.73, 0.88]
p=025 p < 0.001
ns=9 ns = 26
np = 1,376 np = 4,167
0.85 [0.67, 1.06] 1.01 [0.90, 1.13]
p=0.15 p=092
ns =10 ns =27
np = 1,385 np = 4,167
0.90 [0.82, 0.99] 0.89 [0.83, 0.94]
p = 0.04 p < 0.001
ns=9 ns = 26
np = 1,376 np = 4,167
0.80 [0.65, 0.99] 0.95 [0.85, 1.06]
p=0.04 p=0.38
ns =11 ns = 31
np = 1,433 np = 4,373
1.05 [0.66, 1.66] 1.43 [1.07, 1.92]
p=0.84 p =0.02
ns =6 ns =13
np = 1,052 np = 1,973
0.81 [0.64, 1.02] 0.90 [0.78, 1.05]
p = 0.08 p=0.19
ns =6 ns =13
np = 1,052 np =1,973
0.86 [0.71, 1.05] 0.03 [0.91, 1.16]
p=0.15 p=0.63
ns =6 ns =13
np = 1,052 np = 1,973

RR: risk ratio; BPD: bronchopulmonary dysplasia; ns: number of studies; np: number of participants; bold P: statistically significant.

Adapted from reference 5.

Late systemic administration of corticosteroids
reduced the rates of BPD at 36 weeks, mortality by
36 weeks, combined mortality or BPD by 36 weeks and
mortality at the latest reported age (Table 2). All the
effects on BPD arise from studies with dexamethasone
rather than hydrocortisone. Although the reduction in
mortality at the latest reported age seems to arise from
studies with hydrocortisone, there is little heterogeneity
between the dexamethasone and hydrocortisone sub-
groups (p = 0.42). There is little evidence that late cor-
ticosteroids increase cerebral palsy in later childhood,
although there was only one study with hydrocortisone
assessing this outcome (Table 2).

In 2022, the results of the hydrocortisone for BPD
trial, conducted by the National Institute of Child Health
and Human Development (NICHD) Neonatal Research
Network, were published?'. In this trial, 800 preterm
infants with a gestational age below 30 weeks who had
been intubated for at least seven days at 14 to 28 days

were randomly assigned to receive either hydrocorti-
sone (4 mg per kilogram of body weight per day
tapered over a period of 10 days) or a placebo.
Hydrocortisone increased the probability of extubation
and reduced the duration of mechanical ventilation.
However, hydrocortisone did not affect survival without
BPD at 36 weeks nor survival without moderate-to-se-
vere neurodevelopmental impairment or survival with-
out cerebral palsy. The meta-analysis of data from this
trial, combined with the other two trials with hydrocor-
tisone included in the 2021 Cochrane review, did not
show any differences in the rates of death, BPD or
cerebral palsy’.

In recent studies by Halbmeijer N et al.??23, systemic
hydrocortisone started in the second week after birth
in ventilator-dependent infants born very preterm was
not found to be associated with significant differences
in brain development or neurodevelopment at two years
of corrected age, compared with placebo treatment.
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Table 2. Summary effects of late (> 7 days after birth) systemic corticosteroids in the various Cochrane reviews

I N R p

BPD at 36 weeks 0.76 [0.66, 0.87]

p < 0.001

ns =12

np = 553
Mortality by 36 weeks 0.68 [0.43, 1.08]

p=0.11

ns =13

np = 594
Mortality or BPD by 36 weeks 0.75 [0.67, 0.85]

p < 0.001

ns =12

np = 553
Mortality at latest age report 0.85 [0.66, 1.11]

p=023

ns=19

np = 993

1.12 [0.79, 1.60]
p=0.51
ns=15
np = 855

Cerebral palsy

0.82 [0.62, 1.10]
p=0.18
ns=15
np = 855

Mortality before follow-up

0.95[0.77, 1.16]
p=058
ns =15
np = 855

Mortality or cerebral palsy

Data are RR [95% confidence interval].

1.10 [0.92, 1.31] 0.89 [0.80, 0.99]
p <029 p=0.03
ns =2 ns =14
np = 435 np = 988
0.71 [0.49, 1.04] 0.69 [0.52, 0.93]
p=0.08 p = 0.02
ns =2 ns =15
np = 435 np = 1,029
0.98 [0.88, 1.09] 0.85[0.79, 0.92]
p =0.68 p < 0.001
ns =2 ns =14
np = 435 np = 988
0.72 [0.52, 1.00] 0.80 [0.65, 0.98]
p =0.05 p=0.03
ns =2 ns = 21
np = 435 np = 1,428
3.19[0.35, 29.1] 1.16 [0.82, 1.64]
p=0.30 p=039
ns=1 ns =16
np = 64 np =919
0.80 [0.39, 1.63] 0.82 [0.63, 1.07]
p =061 p=0.14
ns=1 ns =16
np = 64 np =919
0.98 [0.53, 1.81] 0.95[0.78, 1.15]
p =096 p =059
ns =1 ns = 16
np = 64 np =919

RR: risk ratio; BPD: bronchopulmonary dysplasia; ns: number of studies; np: number of participants; bold P: statistically significant.

Adapted from reference 5.

It can be challenging to choose which corticosteroid
to use and at what dose in infants with ongoing lung
disease. Two trials examined low-dose late systemic
corticosteroids®':?*, The NICHD Neonatal Research
Network Hydrocortisone for BPD Trial used a 24.5 mg/kg
cumulative dose of hydrocortisone tapered over
10 days?®'. In this study, hydrocortisone increased the
probability of successful extubation by day 10 (44.7%
vs. 33.6%, NNT 9). However, it did not reduce the risk
of BPD. In the second study, the DART trial*, dexa-
methasone at a cumulative dose of 0.89 mg/kg, tapered
over 10 days, significantly increased the chance of
successful extubation (60.0% vs. 11.7%, NNT 2) with-
out a significant reduction in the risk of BPD. This trial
did not show significant neurological harm in survivors
at two years’ corrected age. However, unfortunately, it
was not designed to evaluate neurodevelopmental
outcomes. Other trials with late dexamethasone only

showed a reduction in BPD when the cumulative dose
was 2-4 mg/kg®.

Other benefits of late systemic corticosteroids include
faster extubation®. Adverse effects include hyperglyce-
mia, glycosuria, systemic arterial hypertension, cardio-
myopathy and severe retinopathy of prematurity®.

As with trials on the early use of systemic corticoste-
roids, there are limitations in trials of late systemic
corticosteroids. Most studies reporting long-term out-
comes were not designed to detect clinically important
neurodevelopmental deficits®.

Based on the results of the trials with late systemic
corticosteroids, they should be reserved for infants at
high risk of developing BPD to maximize the risk-to-ben-
efit profile. Researchers from the NICHD Neonatal
Research Network conducted a propensity score-
matched cohort study in 964 extiremely preterm
infants?®. The results of this study suggested that cor-
ticosteroids were associated with a reduced risk of
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death or disability at two years’ corrected age in infants
at moderate to high pretreatment risk of death or with
grade 2 or 3 BPD, but they might pose harm in infants
at lower riskS.

Currently, late systemic corticosteroids are only indi-
cated for ventilator-dependent infants, with the aim of
extubating them and reducing the damage caused by
prolonged ventilation®”2¢.

Inhaled corticosteroids

Four different inhaled corticosteroids (budesonide,
beclomethasone, fluticasone and flunisolide) have
been studied®. Among these, budesonide is the most
studied.

Early (< 14 days of life) inhaled
corticosteroids

Early inhaled corticosteroids reduce the rates of BPD
at 36 weeks and the combined outcome of mortality
and BPD by 36 weeks (Table 3). Mortality before fol-
low-up and the combined outcome of mortality and
cerebral palsy are both higher in the corticosteroids
group. The results of the meta-analyses are strongly
influenced by the results of the NEUROSIS trial®®. In
this study, inhaled budesonide in preterm infants aged
23-27 weeks’ gestational age under respiratory support
reduced the primary outcome of death or BPD at
36 weeks. However, there was an increase in mortality
by 36 weeks in the budesonide group, which had fur-
ther increased by two years of age (p = 0.04)%°.

Due to being associated with increased mortality,
early inhaled corticosteroids are not recommended®.

Late (= 7 days after birth) inhaled
corticosteroids

There is limited data on late inhaled corticosteroids.
Only one trial contributed data on BPD at 36 weeks,
and only three trials had data on mortality at 36 weeks.
Additionally, none of the trials reported on long-term
outcomes (Table 3). Based on this evidence, late
inhaled corticosteroids are not recommended.

Inhaled versus systemic corticosteroids

The two Cochrane reviews that compare inhaled ver-
sus systemic corticosteroids include small numbers of
studies and participants, with complex study designs
and limited long-term data®®'. The lack of evidence of

Table 3. Summary effects of inhaled corticosteroids in the
various Cochrane reviews

BPD at 36 weeks 0.76 [0.83, 1.48] 1.00 [0.59, 1.70]
p = 0.005 p =100
ns=6 ns=1
np = 1,285 np =30
Mortality by 36 weeks 1.09 [0.62, 0.92] 3.00 [0.35, 25.8]
p = 0.54 p =0.32
ns=6 ns =3
np = 1,285 np = 61
Mortality or BPD by 0.86 [0.75, 0.99] 1.10 [0.74, 1.63]
36 weeks p=0.04 p = 0.66
ns =6 ns=1
np = 1,285 np =30
Mortality at latest age 1.36 [1.02, 1.81] 3.00 [0.35, 25.8]
report p =0.04 p=032
ns =3 ns =3
np = 1,127 np =53
Cerebral palsy 1.05 [0.67, 1.65]
p=083 Not reported
ns =3
np = 1,127
Mortality before 1.36 [1.02, 1.81]
follow-up p =0.04 Not reported
ns =3
np = 1,127
Mortality or cerebral 1.26 [1.00, 1.58]
palsy p = 0.05 Not reported
ns =3
np = 1,127

Data are RR [95% confidence intervall; RR: risk ratio; BPD: bronchopulmonary
dysplasia; ns: number of studies; np: number of participants; bold P: statistically

significant.
Adapted from reference 5.

any benefit of inhaled over systemic corticosteroids and
the increased mortality with early budesonide prevent
their routine use in clinical practice (Table 4)’.

Intratracheal corticosteroids administered
with a surfactant

The results of a meta-analysis from 2022, including
12 trials and 1,377 ventilated preterm infants, sug-
gested that the early combined utilization of budesonide
and surfactant have a superior effect on BPD incidence
(risk ratio [RR] = 0.62; 95% CI: 0.54-0.71, p < 0.001],
mortality (RR = 0.64; 95% CI: 0.45-0.92, p = 0.016), the
composite outcome of BPD and mortality (RR = 0.58;
95% CI: 0.50-0.68, p < 0.001), the additional doses of
surfactant (RR = 0.53; 95% CI: 0.44-0.63, p < 0.001),
the duration of assisted ventilation (standard mean dif-
ference [SMD] = 1.14; 95% CI: 1.58 to 0.70, p < 0.001),



Table 4. Summary effects of inhaled versus systemic
corticosteroids in the Cochrane reviews

I T T

BPD at 36 weeks 1.45[0.99, 2.11] 1.06 [0.88, 1.29]

p = 0.06 p =0.53
ns=1 ns=3
np = 278 np = 431
Mortality by 36 weeks 0.83 [0.56, 1.23] 0.94 [0.62, 1.43]
p =0.36 p =077
ns =2 ns =3
np = 294 np = 431
Mortality or BPD by 36 1.09 [0.88, 1.35] 1.02 [0.84, 1.23]
weeks p =043 p =0.86
ns=1 ns=3
np =278 np = 431
Mortality at latest age No data No data

report

Cerebral palsy 1.87 [0.36, 9.72] 1.00 [0.34, 2.92]

p = 0.46 p=1.00

ns=1 ns=1

np =91 np=118
Mortality before 0.94 [0.47, 1.86] 0.83 [0.47, 1.49]
follow-up p=0.85 p =054

ns=1 ns=1

np =91 np=118
Mortality or cerebral 1.07 [0.59, 1.93] 0.88 [0.55, 1.39]
palsy p=0.82 p =057

ns=1 ns=1

np =91 np =118

Data are RR [95% confidence intervall; RR: risk ratio; BPD: bronchopulmonary
dysplasia; ns: number of studies; np: number of participants.
Adapted from reference 5.

duration of invasive ventilation (SMD = 1.77; 95%
Cl: 261 to 0.93, p < 0.001) and hospital stays
(SMD = 1.11; 95% CI: 1.73 to0 0.49, p = 0.001) in preterm
infants with respiratory distress syndrome. Moreover,
these benefits were not associated with increased
adverse outcomes®?.

The intratracheal administration of a corticosteroid
combined with surfactant looks promising, and several
trials are ongoing.

Summary

The role of corticosteroids in the prevention and
treatment of BPD is not yet a completely resolved
issue, and further studies are still needed. The sys-
temic route appears to be superior to the inhalation
route. Systemic dexamethasone should not be used in
the first week of life. Weighing the benefits against the
risks, the use of corticosteroids should be considered
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after the first week of life. However, the benefits of low-
dose systemic hydrocortisone used in the first 10 days
of life deserve confirmation through further research.
When used after the first week of life, corticosteroids
should be reserved for high-risk BPD patients, partic-
ularly ventilator-dependent infants. Additionally, regard-
less of the drug used, its dose and duration should be
minimized. The use of corticosteroids plus surfactant
appears promising, but more research is needed before
they can be recommended for routine use. Data on
long-term follow-up, including motor and cognitive out-
comes, are necessary for a comprehensive under-
standing of their effects.

Conclusion

Systemic corticosteroids are currently only indicated
after the first week of life in ventilator-dependent
preterm infants at high risk of developing BPD, with the
aim of facilitating extubation. They should be used at
the lowest possible dose and duration.
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