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Visual Abstract
IMPORTANCE Dexamethasone initiated after the first week of life reduces the rate of death or
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bronchopulmonary dysplasia (BPD) but may cause long-term adverse effects in very preterm
infants. Hydrocortisone is increasingly used as an alternative, but evidence supporting its
efficacy and safety is lacking.
OBJECTIVE To assess the effect of hydrocortisone initiated between 7 and 14 days after birth
on death or BPD in very preterm infants.
DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled randomized trial
conducted in 19 neonatal intensive care units in the Netherlands and Belgium from November
15, 2011, to December 23, 2016, among preterm infants with a gestational age of less than 30
weeks and/or birth weight of less than 1250 g who were ventilator dependent between 7 and
14 days of life, with follow-up to hospital discharge ending December 12, 2017.
INTERVENTIONS Infants were randomly assigned to receive a 22-day course of systemic

hydrocortisone (cumulative dose, 72.5 mg/kg) (n = 182) or placebo (n = 190).
MAIN OUTCOMES AND MEASURES The primary outcome was a composite of death or BPD
assessed at 36 weeks’ postmenstrual age. Twenty-nine secondary outcomes were analyzed
up to hospital discharge, including death and BPD at 36 weeks’ postmenstrual age.
RESULTS Among 372 patients randomized (mean gestational age, 26 weeks; 55% male), 371
completed the trial; parents withdrew consent for 1 child treated with hydrocortisone. Death
or BPD occurred in 128 of 181 infants (70.7%) randomized to hydrocortisone and in 140 of
190 infants (73.7%) randomized to placebo (adjusted risk difference, −3.6% [95% CI, −12.7%
to 5.4%]; adjusted odds ratio, 0.87 [95% CI, 0.54-1.38]; P = .54). Of 29 secondary outcomes,
8 showed significant differences, including death at 36 weeks’ postmenstrual age (15.5% with
hydrocortisone vs 23.7% with placebo; risk difference, −8.2% [95% CI, −16.2% to −0.1%];
odds ratio, 0.59 [95% CI, 0.35-0.995]; P = .048). Twenty-one outcomes showed
nonsignificant differences, including BPD (55.2% with hydrocortisone vs 50.0% with
placebo; risk difference, 5.2% [95% CI, −4.9% to 15.2%]; odds ratio, 1.24 [95% CI, 0.82-1.86];
P = .31). Hyperglycemia requiring insulin therapy was the only adverse effect reported more
often in the hydrocortisone group (18.2%) than in the placebo group (7.9%).
CONCLUSIONS AND RELEVANCE Among mechanically ventilated very preterm infants,

administration of hydrocortisone between 7 and 14 days after birth, compared with placebo,
did not improve the composite outcome of death or BPD at 36 weeks’ postmenstrual age.
These findings do not support the use of hydrocortisone for this indication.
TRIAL REGISTRATION Netherlands National Trial Register Identifier: NTR2768
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B

ronchopulmonary dysplasia (BPD) is a common serious complication of preterm birth, affecting almost half
of infants born at gestational ages of less than 28
weeks.1,2 Infants with BPD are more likely to die early,3 and
those who survive have an increased risk of long-term pulmonary and neurodevelopmental morbidity.4,5
Pulmonary inflammation is an important risk factor in the
development of BPD, providing the rationale for treating atrisk infants with corticosteroids.6 Until the early 2000s, dexamethasone was used widely because randomized clinical trials
showed that dexamethasone reduced the risk of death or
BPD.7,8 However, this benefit may be outweighed by an increased risk of neurodevelopmental impairment.7 As a result, clinicians started using dexamethasone less frequently,
in lower doses, and at later postnatal ages.9,10 Furthermore,
international guidelines recommended investigating whether
hydrocortisone would be an effective and safe alternative to
dexamethasone.11,12
To date, hydrocortisone has been studied only as a prophylactic treatment (ie, started at ≤7 days of life), and reports
conflict on the effect on death or BPD.7 Although current practice surveys show that corticosteroid treatment is almost exclusively used after the first week of life,9,10 and hydrocortisone treatment has already been implemented in many
neonatal units across the world, a clinical trial investigating the
efficacy and safety of hydrocortisone treatment initiated between 7 and 14 days after birth is lacking.9,13
This multicenter randomized clinical trial tested the hypothesis that systemic hydrocortisone treatment initiated between 7 and 14 days after birth in very preterm infants receiving mechanical ventilation decreased the incidence of death
or BPD at 36 weeks’ postmenstrual age.14

Methods
Study Design
This double-blind, placebo-controlled, superiority randomized trial was performed at 19 neonatal intensive care units in
the Netherlands and Belgium. The human research ethics committees at each participating center approved the trial. All study
sites were monitored by an independent clinical research associate. The study protocol appears in Supplement 1 and has
been previously published.14

Study Population
Infants were included after written informed consent was
obtained from both parents. Infants born at a gestational
age of less than 30 weeks and/or with a birth weight of less
than 1250 g who were ventilator dependent between 7 and
14 days’ postnatal age and at high risk of developing BPD
were eligible. High risk of developing BPD was defined as
having a respiratory index (product of mean airway pressure and the fraction of inspired oxygen) equal to or greater
than 3.5 for more than 12 h/d for at least 48 hours. During
the initial months of the trial, participating centers noted
that many infants receiving ventilation and considered at
high risk of BPD had a respiratory index of less than 3.5 and
jama.com
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Key Points
Question What is the effect of systemic hydrocortisone, initiated
between 7 and 14 days after birth, on death or bronchopulmonary
dysplasia among very preterm infants receiving mechanical
ventilation?
Findings In this randomized clinical trial that included 372 infants,
there was no significant difference in the composite outcome of
death or bronchopulmonary dysplasia at 36 weeks’ postmenstrual
age between the hydrocortisone and placebo groups (71% vs 74%,
respectively).
Meaning These findings do not support the practice of initiating
hydrocortisone between 7 and 14 days after birth to reduce the
risk of the composite outcome of death or bronchopulmonary
dysplasia in mechanically ventilated very preterm infants.

were treated with corticosteroids outside the trial. Based on
this feedback, the respiratory index threshold was reduced
to 3.0 and finally to 2.5 (in May 2012 and December 2012,
respectively) via approved protocol amendments. Infants
were ineligible if they had chromosomal defects or major
congenital malformations or had received corticosteroids
for improving lung function in the first week of life. Because
ethnic background affects the risk of death or BPD,15 ethnicity as reported by the attending physician based on fixed
categories was collected.

Randomization
Eligible infants were randomly allocated in a 1:1 ratio to either
hydrocortisone or placebo, stratified by study center and gestational age (<27 weeks or ≥27 weeks) and using randomly
permuted block sizes between 2 and 8. Multiple-birth infants
were randomized independently unless the parents or caregivers explicitly requested that siblings were to be allocated
to the same treatment group. The randomization sequence
was generated electronically with Alea randomization software (Alea Clinical/FormsVision). The hydrocortisone and
placebo vials appeared identical, and the investigators, caregivers, and parents were blinded to group assignment.16

Intervention
Infants allocated to the intervention group were given
hydrocortisone sodium succinate, 5 mg/kg per day in 4 doses
per day for 7 days, followed by 3.75 mg/kg per day in 3 doses
per day for 5 days, subsequently lowering the frequency by
1 dose every 5 days. This resulted in 22 days of treatment with
a cumulative dose of 72.5 mg/kg. Infants allocated to the control group received a placebo (mannitol) using a dosing schedule with volumes and duration similar to those of hydrocortisone. The use of open-label hydrocortisone during the trial
was strongly discouraged but could be considered in infants
with severe and progressive pulmonary deterioration (respiratory index >10 for more than 6 consecutive hours) or who
received at least 10 days of trial medication but did not show
an improvement in pulmonary condition. Trial medication was
stopped when open-label hydrocortisone was initiated.
(Reprinted) JAMA January 29, 2019 Volume 321, Number 4
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Study Outcomes
The primary outcome was a composite of death or BPD at 36
weeks’ postmenstrual age. Patients were categorized as having BPD if they required positive pressure support, required
supplemental oxygen with a fraction of inspired oxygen exceeding 0.30 (severe BPD), or had a fraction of inspired oxygen of 0.22 to 0.29 and a failed oxygen reduction test (moderate BPD).17,18 In 5 infants, the indicated oxygen reduction test
was not performed. For these infants, a committee of 3 independent clinical experts masked to treatment allocation assessed the severity of BPD diagnosis.
In addition to the components of the primary outcome, the following prespecified secondary outcomes were
assessed: mortality at 28 days and at hospital discharge, BPD
at 28 days, failure to extubate at days 3, 7, 14, and 21, total
duration of mechanical ventilation and supplemental oxygen, use of open-label hydrocortisone, hospital length of stay,
necrotizing enterocolitis, gastrointestinal bleeding, spontaneous intestinal perforation, intraventricular hemorrhage,
periventricular leukomalacia, retinopathy of prematurity,
hypertension, hyperglycemia, nosocomial infection (ie, sepsis, pneumonia, meningitis), patent ductus arteriosus, and
growth as assessed by body weight and head circumference
at 36 weeks’ postmenstrual age. In addition, long-term health
and developmental outcomes will be assessed at 2 years’ corrected age but are not reported in this article. More details on
definitions can be found in the published statistical analysis
plan, available in Supplement 2.16
Suspected serious adverse drug reactions and serious adverse events were reported to the data and safety monitoring
board and the trial’s principal investigator.

Statistical Analysis
Previous studies comparing dexamethasone treatment initiated between 7 and 14 days after birth with placebo in very preterm infants undergoing mechanical ventilation have shown
a 25% absolute risk difference in the primary outcome of death
or BPD in favor of dexamethasone.19 Ideally, the treatment effect of hydrocortisone should be similar to dexamethasone to
consider it a good alternative. If safety is improved, a slightly
reduced treatment effect of hydrocortisone might also change
clinical practice. For this reason, the target sample size of 175
patients in each treatment group was based on an estimated
probability of death or BPD of 0.60 in the placebo group, a 15%
absolute risk reduction with hydrocortisone treatment, 80%
power, and a 2-tailed type I error of .05. Anticipating 10% dropout, we aimed to include 200 infants in each group.
Analyses were performed according to the intention-totreat principle including all randomized infants regardless of
protocol deviations. Crude absolute risk differences and crude
odds ratios were calculated for the primary outcome and its
components. For the primary outcome, a generalized linear
model with a binomial distribution and identity link was used
to estimate the absolute risk difference adjusted for the stratification factors. A logistic regression model correcting for the
stratification factors of gestational age and study center was
used to estimate the adjusted odds ratio for the primary outcome. To check the robustness of the main results, we per356

formed preplanned sensitivity analyses including perprotocol (including only infants treated according to the study
protocol) and as-treated analyses (including infants based on
actual treatment received), use of an alternative BPD definition (infants receiving positive pressure or high flow with room
air, classified as mild BPD), a generalized estimating equations model to account for clustering of outcomes within multiple births, and examination of potential confounding and effect modification using a multivariable model including
treatment and gestational age, chorioamnionitis,20 respiratory index at randomization,21 sex,22 and multiple birth23 as preselected baseline risk factors for BPD and subgroup analyses.
Preplanned subgroup analyses based on gestational age (<27
weeks vs ≥27 weeks), chorioamnionitis (yes vs no), respiratory index at randomization (less than or equal to vs greater than
the median), sex (male vs female), multiple birth (single vs multiple), and study center steroid preference (hydrocortisone vs
dexamethasone) were performed and statistically tested with
interaction effects of the specific subgroup and treatment in
logistic regression models. A post hoc mixed-effects logistic regression model with site as random effect was performed as an
additional sensitivity analysis to check the robustness of the
preplanned main analysis of the composite outcome.
To allow more insight into the observed differential
death rates at 36 weeks postmenstrual age, post hoc sensitivity and subgroup analyses were performed.24,25 First, we
studied the treatment effect in the per-protocol population.
Second, we studied the treatment effect adjusted for postulated risk factors for death: gestational age,2 small for gestational age (<10th percentile of the Fenton growth charts),26,27
severity of lung disease as measured by respiratory index,21
sex, 22 and multiple birth. 23 Third, exploratory subgroup
analyses were performed using these risk factors. Fourth,
time to death was estimated for both treatment groups using
a Kaplan-Meier survival curve and compared with a log-rank
test. The proportionality assumption was established by
graphical examination and use of a time-dependent covariate
in a Cox model.
The effect of hydrocortisone compared with placebo on
the occurrence of short-term secondary outcomes was analyzed using linear, logistic, or competing risk (with death
occurring before the event of interest considered a competing
risk) regression, as appropriate. Time to event was calculated
as the time between randomization and the event of interest,
death, or discharge home (censoring event), whichever
occurred first.
In case of missing data, every attempt was undertaken to
retrieve the data from both levels III and II (referral) hospitals
because many infants were transferred back to referral hospitals once clinically stable. Because the primary outcome and
most secondary outcomes were assessed before hospital discharge, we anticipated no or minimal missing values.
For all treatment effect estimators, 95% confidence intervals are presented; all analyses were performed using 2-sided
tests and P<.05 was regarded as statistically significant. No adjustments for multiple comparisons were made, so secondary outcome analyses should therefore be interpreted as exploratory. For statistical analysis and computing, we used SPSS

JAMA January 29, 2019 Volume 321, Number 4 (Reprinted)

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Radboud University Nijmegen User on 02/17/2020

jama.com

Effect of Hydrocortisone Therapy on Outcomes of Very Preterm Infants Receiving Mechanical Ventilation

Original Investigation Research

Figure 1. Recruitment, Randomization, and Participant Flow in a Trial of Hydrocortisone vs Placebo
Among Very Preterm Infants Receiving Mechanical Ventilation
7065 Infants assessed for eligibility

6693 Excluded
6519 Did not meet inclusion criteria
5911 Did not undergo mechanical ventilation
between 7th and 14th days of life with
respiratory index ≥2.5a
608 Died before 7th day of life
162 Parents declined to participate
12 Other reasons

372 Randomized

182 Randomized to receive hydrocortisone
181 Received hydrocortisone as randomized
1 Did not receive hydrocortisone
(died prior to first dose )

190 Randomized to receive placebo
188 Received placebo as randomized
2 Did not receive placebo
1 Died prior to first dose
1 Physician decision not to start

1 Missing status for death or bronchopulmonary
dysplasia at 36 wk postmenstrual age
(withdrew consent)

181 Included in primary analysis of death or
bronchopulmonary dysplasia at 36 wk
postmenstrual age
1 Excluded (withdrew consent)

190 Included in primary analysis of death or
bronchopulmonary dysplasia at 36 wk
postmenstrual age

version 24 (IBM Corp) and R version 3.4.3 (R Foundation for
Statistical Computing).
An independent data and safety monitoring board conducted interim analyses for safety outcomes every 3 months
during the first 2 years of the study. After this period, the frequency of safety monitoring was reduced to thrice and then
twice annually. The data and safety monitoring board advised
on whether the trial should be stopped for safety concerns or
futility according to the predefined charter.16 Hence, there was
no α spending associated with the interim analyses.

a

Respiratory index was defined as
mean airway pressure × fraction of
inspired oxygen.

sone group, 33 siblings participated in the trial, of whom 29
were allocated to the same treatment group per parental
request. In the placebo group, 22 siblings from 54 multiple
births participated in the trial, of whom 12 were allocated to
the same treatment group.
In the per-protocol analysis for the primary outcome, 173
infants were analyzed in the hydrocortisone group and 162 in
the placebo group. In the as-treated analysis, a total of 288 participants were analyzed as hydrocortisone treated vs 80 infants in the placebo group (eFigure in Supplement 3).

Primary Outcome

Results
Study Population
Between November 15, 2011, and December 23, 2016, 7065
infants were screened and 372 infants were randomized,
182 to the hydrocortisone group and 190 to the placebo
group (Figure 1). Parents of 1 infant in the hydrocortisone
group withdrew consent and this infant was excluded from
the intention-to-treat analyses. Because the dropout rate was
lower than expected, the minimum required sample size
(n = 350) for the primary outcome analysis was attained in
December 2016 and further inclusion was stopped.
Follow-up to hospital discharge ended on December 12, 2017.
Baseline characteristics of mothers and infants were broadly
similar in both groups, with some differences in birth weight,
proportion of infants small for gestational age, and multiple
births (Table 1). Of the 70 multiple births in the hydrocortijama.com

All participating infants were assessed for the primary outcome. In total, 73 infants (20%) died and 195 survivors (53%)
were diagnosed as having BPD. The observed rate of death or
BPD was 70.7% (128/181 infants) in the hydrocortisone group
and 73.7% (140/190 infants) in the placebo group. After adjustment for stratification factors, the risk difference between hydrocortisone and placebo treatment for the primary
outcome was −3.6% (95% CI, −12.7% to 5.4%) and the adjusted odds ratio was 0.87 (95% CI, 0.54-1.38; P = .54) (Table 2).

Secondary Outcomes
There were no missing data for secondary outcomes except for
growth variables at 36 weeks’ postmenstrual age (Table 2).
The rate of BPD was not significantly different between the
hydrocortisone group (55.2%) and the placebo group (50.0%)
(crude risk difference, 5.2% [95% CI, −4.9% to 15.2%]; crude
odds ratio, 1.24 [95% CI, 0.82-1.86]; P = .31) (Table 2). The rate
(Reprinted) JAMA January 29, 2019 Volume 321, Number 4
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Table 1. Maternal and Infant Characteristics
Hydrocortisone
(n = 182)

Placebo
(n = 190)

30 (27-34)

30 (27-34)

Caucasian

138 (75.8)

140 (73.7)

Mediterranean

12 (6.6)

10 (5.2)

African

13 (7.1)

22 (11.6)

Asian

7 (3.9)

11 (5.8)

Latin American

5 (2.8)

1 (0.5)

Unknown

7 (3.8)

6 (3.2)

Clinical chorioamnionitis,
No. (%)c

51 (28.0)

53 (27.9)

Cesarean
delivery, No. (%)

98 (53.8)

111 (58.4)

Antenatal corticosteroids
(any), No. (%)

159 (87.4)

172 (90.5)

Pregnancy-induced
hypertension, No. (%)

33 (18.1)

45 (23.6)

Gestational age,
median (IQR), wk

25.4 (24.9-26.4)

25.6 (24.7-26.4)

Birth weight,
median (IQR), g

775 (644-865)

710 (629-810)

Characteristics
Maternal characteristicsa
Age, median (IQR), y
Ethnic origin, No. (%)b

Infant characteristics

Male sex, No. (%)

96 (52.8)

109 (57.4)

Small for gestational age,
No. (%)d

26 (14.3)

38 (20.0)

Multiple birth, No. (%)

70 (38.5)

54 (28.4)

Apgar 5-min score,
median (IQR)

7 (6-8) [n=180]

7 (6-8)

Duration of invasive
respiratory support
before randomization,
median (IQR), d

9 (7-11)

9 (7-11)

Age at randomization,
median (IQR), d

10 (8-13)

11 (9-13)

Fraction of inspired oxygen
at randomization,
median (IQR)

0.35 (0.30-0.45)

0.34 (0.29-0.40)

Respiratory index
at randomization,
median (IQR)e

4.3 (3.3-5.3)

3.9 (3.1-5.0)

Adverse Events

Abbreviation: IQR, interquartile range.
a

Maternal characteristics have been summarized at the infant level (ie, women
were counted multiple times if they had multiple infants).

b

Reported by attending physicians and selected from fixed categories.

c

Clinical chorioamnionitis was defined as maternal fever without other cause
(eg, urinary tract infection or pneumonia), prenatal antibiotic use without
source of infection other than chorioamnionitis, or preterm premature rupture
of membranes.

d

Defined as less than the 10th percentile on the Fenton growth chart.

e

Respiratory index was defined as mean airway pressure × fraction of
inspired oxygen.

of death, however, was significantly decreased in the hydrocortisone group (28/181 infants [15.5%]) compared with the placebo group (45/190 infants [23.7%]) (crude risk difference,
−8.2% [95% CI, −16.2% to −0.1%]; crude odds ratio, 0.59 [95%
CI, 0.35-0.995]; P = .048). Reported causes of death were similar between the 2 groups (eTable 1 in Supplement 3).
Analyses of the prespecified secondary outcomes showed
that the lower death rate in the hydrocortisone group at 36
weeks’ postmenstrual age was no longer significantly differ358

ent at hospital discharge (hydrocortisone vs placebo, 19.9% vs
28.4%; risk difference, −8.5% [95% CI, −17.1% to 0.2%]; crude
odds ratio, 0.63 [95% CI, 0.39-1.01]; P = .06) (Table 2). No significant difference in the distribution of severity of BPD was
seen between treatment groups.
Significantly more infants were successfully extubated in
the hydrocortisone than in the placebo group on day 3 (84.4%
vs 92.9%; crude risk difference, −8.5% [95% CI, −15.3% to
−1.9%]; crude odds ratio, 0.41 [95% CI, 0.21-0.83]; P = .01), day
7 (54.4% vs 78.1%; crude risk difference, −23.7% [95% CI,
−32.9% to −13.8%]; crude odds ratio, 0.34 [95% CI, 0.210.54]; P < .001), and day 14 (33.7% vs 51.2%; crude risk difference, −17.5% [95% CI, −27.5% to −6.9%]; crude odds ratio, 0.49
[95% CI, 0.31-0.76]; P = .001) after initiating therapy (Table 2).
The incidence of hyperglycemia requiring insulin therapy was
higher in the hydrocortisone group compared with the placebo group (18.2% vs 7.9%; crude risk difference, 10.3% [95%
CI, 3.5%-17.3%]; sub–hazard ratio, 2.44 [95% CI, 1.34-4.47];
P = .004). There was a significantly lower rate of pneumonia
(24.9% vs 33.7%; crude risk difference, −8.8% [95% CI, −17.5%
to 0.0%]; sub–hazard ratio, 0.68 [95% CI, 0.47-0.997]; P = .048)
and significantly greater mean weight at 36 weeks’ postmenstrual age (2235 g vs 2125 g; P = .03) in the hydrocortisone group
compared with the placebo group (Table 2). There were no significant differences between the groups for other secondary
outcomes. The rate of open-label glucocorticoid use in the hydrocortisone group was 28.2% compared with 56.8% in the placebo group (crude risk difference, −28.7% [95% CI, −37.8% to
−18.7%]; sub–hazard ratio, 0.36 [95% CI, 0.26-0.50]; P < .001).

The most common adverse events related to preterm birth in
the hydrocortisone and placebo groups, respectively, were patent ductus arteriosus (39.8% vs 41.1%), clinical or cultureproven sepsis (50.3% vs 58.4%), retinopathy of prematurity
higher than grade 2 (24.3% vs 22.1%), and pneumonia (24.9%
vs 33.7%). No serious adverse drug reactions were reported,
and the observed rate of severe adverse events and number
of study medication protocol deviations were low and similar
in treatment groups (eTable 2 in Supplement 3).

Prespecified Sensitivity and Subgroup Analyses
Neither the prespecified sensitivity nor subgroup analyses revealed a significant effect of hydrocortisone on the primary
composite outcome (eTable 3 and eTable 4 in Supplement 3).

Post Hoc Analyses
The post hoc mixed-effects logistic regression model with site
as random effect showed similar results for the treatment effect on the primary composite outcome (adjusted odds ratio,
0.82; 95% CI, 0.51-1.32; P = .41).
The post hoc per-protocol analysis of the primary outcome component of death showed a similar reduction as the
intention-to-treat analysis (eTable 5 in Supplement 3). Adjustment for risk factors for death showed no substantive change
in treatment effect (adjusted odds ratio, 0.56; 95% CI, 0.320.96; P = .03). Post hoc subgroup analyses did not find differential treatment effects across subgroups, except for the
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36/181 (19.9)
134/181 (74.0)

Death before hospital discharge

Bronchopulmonary dysplasia at 28 d postnatal age

87/153 (56.9)

Severe
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51/181 (28.2)

Use of open-label medication

4/181 (2.2)

Spontaneous intestinal perforation

33/181 (18.2)
91/181 (50.3)

Sepsis, clinical or culture proven

Hypertension

Hyperglycemia requiring insulin therapy

10/181 (5.5)

8/181 (4.4)

Gastrointestinal bleeding

o

15/181 (8.3)

72/181 (39.8)

7/181 (3.9)

Necrotizing enterocolitis grade ≥2n

Patent ductus arteriosus

m

Periventricular leukomalacia

k

2/181 (1.1)

61 (39-82)

Duration of supplemental oxygen,
median (IQR), di

Intraventricular hemorrhage grade >2

11 (5, 25)

Duration of mechanical ventilation,
median (IQR), d

k

56/166 (33.7)

Day 14
37/160 (23.1)

92/169 (54.4)

Day 7

Day 21

146/173 (84.4)

Day 3

Failure to extubate after start of study medication
in survivors

13/153 (8.5)

Moderate

Severity of bronchopulmonary dysplasia
at 36 wk postmenstrual age in survivors

17/181 (9.4)

Death at 28 d postnatal age

Other Outcomes

28/181 (15.5)
100/181 (55.2)

Death at 36 wk postmenstrual age

Bronchopulmonary dysplasia
at 36 wk postmenstrual age

Components of Primary Outcome
45/190 (23.7)

111/190 (58.4)

15/190 (7.9)

13/190 (6.8)

9/190 (4.7)

8/190 (4.2)

19/190 (10.0)

78/190 (41.1)

9/190 (4.7)

3/190 (1.6)

108/190 (56.8)

59 (40-80)

13 (7-27)

50/160 (31.3)

86/168 (51.2)

139/178 (78.1)

170/183 (92.9)

89/145 (61.4)

6/145 (4.1)

151/190 (79.5)

54/190 (28.4)

23/190 (12.1)

95/190 (50.0)

−8.1 (−18.0 to 2.0)

10.3 (3.5 to 17.3)

−1.3 (−6.5 to 3.9)

−2.5 (−6.8 to 1.5)

0.2 (−4.2 to 4.8)

−1.7 (−7.7 to 4.3)

−1.3 (−11.1 to 8.6)

−0.9 (−5.4 to 4.7)

−0.5 (−3.5 to 2.5)

.11
(continued)

.004

.63
0.80 (0.61-1.05)j

0.82 (0.36-1.86)

.26l

>.99l

.50

.62

.80l

>.99l

<.001

2.44 (1.34-4.47)j

j

0.80 (0.41-1.55)j

0.92 (0.68-1.27)

j

0.36 (0.26-0.50)j

.70h

1 (−5 to 8)g
−28.7 (−37.8 to −18.7)

.12h

.10

.001
0.66 (0.40-1.09)e

<.001
0.49 (0.31-0.76)e

.60

.01

.22
0.89 (0.56-1.40)f

0.34 (0.21-0.54)e

.06
0.74 (0.45-1.20)e

0.41 (0.21-0.83)e

.40
0.63 (0.39-1.01)e

.31

0.75 (0.39-1.46)e

.048

0.59 (0.35-0.995)e

.54

P Value

1.24 (0.82-1.86)e

0.87 (0.54-1.38)

0.86 (0.55-1.36)

Odds Ratio or Sub–Hazard Ratio
(95% CI)b

−2 (−4 to 0)g

−8.1 (−17.7 to 1.6)

−17.5 (−27.5 to −6.9)

−23.7 (−32.9 to −13.8)

−8.5 (−15.3 to −1.9)

−4.5 (−15.4 to 6.6)

4.4 (−1.4 to 10.3)

−5.4 (−14.0 to 3.2)

−8.5 (−17.1 to 0.2)

−2.7 (−9.1 to 3.7)

5.2 (−4.9 to 15.2)

−8.2 (−16.2 to −0.1)

−3.0 (−12.0 to 6.1)

Difference, % (95% CI)a

−3.6 (−12.7 to 5.4)

140/190 (73.7)

Placebo

Adjusted analysisd

128/181 (70.7)

Hydrocortisone

Crude analysis

Death or bronchopulmonary dysplasia
at 36 wk postmenstrual agec

Primary Outcome

Outcomes

Table 2. Effect of Study Treatment on Primary Outcome and Secondary Outcomes From Randomization to Initial Hospital Discharge Using Intention-to-Treat Analysis

Effect of Hydrocortisone Therapy on Outcomes of Very Preterm Infants Receiving Mechanical Ventilation
Original Investigation Research

(Reprinted) JAMA January 29, 2019 Volume 321, Number 4

359

360
2235 (395)
30.8 (1.6)
42.7 (3.8)

Weight at 36 wk postmenstrual age
in survivors, mean (SD), gr

Head circumference at 36 wk postmenstrual age
in survivors, mean (SD), cmt

Length at 36 wk postmenstrual age in survivors,
mean (SD), cmu
Fisher exact test when less than 20 (non)events.

Bronchopulmonary dysplasia was defined as requiring positive pressure support, requiring supplemental oxygen
with a fraction of inspired oxygen exceeding 0.30 (severe BPD), or having a fraction of inspired oxygen of 0.22
to 0.29 with a failed oxygen reduction test (moderate BPD).16,17

For the primary outcome, absolute risk reduction and odds ratio are adjusted for the stratification variables of
gestational age and study center using a logistic regression model.

Odds ratio from logistic regression analysis.

Common odds ratio from ordinal logistic regression analysis.

Crude estimate of the treatment group difference calculated using Hodges-Lehman estimate and using a
distribution-free 2-sided 95% CI.

Mann-Whitney U test.

Duration of supplemental oxygen since birth.

Sub–hazard ratio from competing risks analysis with death occurring before the event of interest treated as a
competing risk.

Grading on cerebral ultrasonography according to protocol as defined by Ment et al.33 Intraventricular

c

d

e

f

g

h
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i

j

k

Crude mean difference with 95% CI.

u

Number of survivors assessed for length at 36 weeks’ postmenstrual age: hydrocortisone group, n=105; placebo
group, n=99.

Number of survivors assessed for head circumference at 36 weeks’ postmenstrual age: hydrocortisone group,
n=140; placebo group, n=129.

s
t

Number of participants assessed at 36 weeks’ postmenstrual age: hydrocortisone group, n=148; placebo group,
n=139.

Total number of survivors: hydrocortisone group, n=145; placebo group, n=136.

Grading according to international classification.35 Grade 2 was defined as presence of a ridge in the region of
the demarcation line.

Hypertension was defined as a systolic blood pressure greater than 80 mm Hg for infants with a gestational age
of less than 26 weeks, greater than 90 mm Hg for infants between 26 and 28 weeks’ gestation, and greater than
100 mm Hg for infants with a gestational age of greater than 28 weeks.

Grading according to Bell stages.34 Grade 2 was defined as presence of pneumatosis intestinalis.

r

q

p

o

n

Patent ductus arteriosus requiring medical intervention and/or surgical ligation.

m

Linear, logistic, or competing risk regression analysis as appropriate. Crude data are given unless otherwise
indicated.

b

.70b

0.4 (−0.5 to 1.4)s
hemorrhage grade 2 was defined as blood within the ventricular system but not distending it.

.18b

0.3 (−0.1 to 0.7)s

Data are percentages unless otherwise indicated. Crude data are given unless otherwise indicated.

.03b

.62

.048

109 (9 to 209)s

a

l

P Value
.38l

.10h

1.13 (0.70-1.83)e

0.68 (0.47-0.997)j

Odds Ratio or Sub–Hazard Ratio
(95% CI)b

5 (1 to 11)g

2.2 (−6.4 to 10.8)

−8.8 (−17.8 to 0.0)

−2.0 (−6.1 to 1.9)

Difference, % (95% CI)a

Abbreviation: IQR, interquartile range.

42.3 (3.2)

30.6 (1.9)

2125 (468)

101 (91-120)

108 (93-130)

Retinopathy of prematurity grade >2

Time to hospital discharge in survivors,
median (IQR), dq

64/190 (33.7)
42/190 (22.1)

45/181 (24.9)

Pneumonia

8/190 (4.2)

Placebo

44/181 (24.3)

4/181 (2.2)

Meningitis

p

Hydrocortisone

Outcomes

No./Total (%)

Table 2. Effect of Study Treatment on Primary Outcome and Secondary Outcomes From Randomization to Initial Hospital Discharge Using Intention-to-Treat Analysis (continued)
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Figure 2. Overall Cumulative Mortality From Randomization
to 36 Weeks’ Postmenstrual Age
30

Mortality, %

Placebo
20
Hydrocortisone

10
Log-rank P =.06
0
0

14

28

42

56

70

84

117
112

28
24

2
2

Follow-up, d
No. at risk
Hydrocortisone 181
190
Placebo

167
169

157
153

148
145

Median follow-up to 36 weeks’ postmenstrual age was 61 days (interquartile
range, 50-67 days) for hydrocortisone and 58 days (interquartile range,
44-67 days) for placebo.

subgroup of infants born at a gestational age of less than 27
weeks, which showed a reduced death rate in the hydrocortisone group (14.1%) compared with the placebo group (26.4%)
(crude risk difference, −12.3% [95% CI, −21.0% to −3.3%]; crude
relative risk, 0.53 [95% CI, 0.33-0.86]; P = .03 for interaction)
(eTable 6 in Supplement 3). Kaplan-Meier curves for survival
until 36 weeks’ postmenstrual age were not significantly different (log-rank test, P = .06) (Figure 2).

Discussion
This multicenter randomized trial found no significant difference in the primary composite outcome of death or BPD at 36
weeks’ postmenstrual age among infants randomized to hydrocortisone compared with those randomized to placebo at
7 to 14 days. Hydrocortisone has mainly been studied as a prophylactic treatment started in the first days of life independent of the patient’s pulmonary condition and treatment. Some
of these trials, such as the PREMILOC trial, showed a benefit
on the combined outcome of death or BPD, while others did
not.7,28 With the exception of a small pilot study assessing
changes in brain volume,29 no other randomized trial has addressed the effect of hydrocortisone initiated between 7 and
14 days after birth on death or BPD. In contrast to the finding
of this trial, a systematic review on dexamethasone treatment initiated after the first week of life found a reduction in
the composite outcome of death or BPD, with the association
mainly driven by a reduction in BPD.8 The absence of a clear
effect of hydrocortisone on the primary outcome component
of BPD in this study may have several explanations. First, hydrocortisone may have a different effect on lung inflammation than dexamethasone. Hydrocortisone targets both the glucocorticoid and mineralocorticoid receptors, whereas
dexamethasone solely targets glucocorticoid receptors. This
dual receptor activity may cause less brain toxicity30 but may
also result in less potency to reduce pulmonary inflammajama.com
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tion. Second, the administered cumulative dose of hydrocortisone used may have been too low to affect the development
of BPD. This explanation is less likely, as a meta-analysis of the
dexamethasone trials initiated after the first week of life
showed that a cumulative dose of more than 2 mg/kg resulted in a significant beneficial effect on the outcome of death
or BPD,19 and the administered cumulative hydrocortisone dose
in this trial was equivalent to a dexamethasone dose of
2.9 mg/kg. Third, the higher use of open-label corticosteroids
in the placebo group may have diluted a possible effect of hydrocortisone on BPD in surviving children. The rate of openlabel use of corticosteroids in this trial was similar to most dexamethasone trials, so this also seems an unlikely explanation
for the apparent difference in effect on BPD between hydrocortisone and dexamethasone.31
Exploratory analysis showed that hydrocortisone may reduce the risk of the primary outcome component of death at
36 weeks’ postmenstrual age. However, this finding must be
interpreted cautiously and considered exploratory, as the study
was not powered to adjust for multiple secondary outcome
comparisons. Furthermore, although the effect size changed
little, the observed reduction did not remain statistically significant up to hospital discharge. For this reason, a careful assessment of the plausibility of this finding using post hoc sensitivity analyses was performed.24,25 These analyses support
the robustness of the hydrocortisone effect on death at 36
weeks’ postmenstrual age. The exploratory observation of reduced risk of death is consistent with studies assessing prophylactic use of hydrocortisone. A meta-analysis of these studies showed that the reduced risk of the outcome of death or
BPD in favor of hydrocortisone was mainly driven by the component of death at hospital discharge.7 Consistent with this
study, the meta-analysis revealed no significant association of
prophylactic hydrocortisone with BPD.
There was no significant difference in causes of death between groups, including pulmonary deterioration. Subclinical adrenocortical insufficiency has been reported in sick preterm infants, especially those with a gestational age of less than
28 weeks.32 Supplementation with hydrocortisone might reduce the risk of mortality in this high-risk population by improving pulmonary and hemodynamic stability and damping
the systemic inflammatory response.32 The finding that the reduced risk of death was larger in the group born before 27
weeks’ gestation supports this suggested mechanism.
The results of this trial may have important implications
for clinical practice. Currently, the main reasons for clinicians to treat preterm infants with corticosteroids are to expedite weaning from mechanical ventilation and reduce the
risk of BPD. Treatment is usually started late in the disease
course, ie, after several weeks of mechanical ventilation, and
despite the lack of randomized evidence to date, many centers have changed from treating with dexamethasone to
hydrocortisone.9,13 These results suggest that hydrocortisone facilitates extubation but, in contrast to dexamethasone, does not reduce BPD. Therefore, this finding does not
support the use of hydrocortisone for this indication. Yet hydrocortisone initiated between 7 and 14 days after birth may
reduce mortality, and this benefit is not outweighed by an
(Reprinted) JAMA January 29, 2019 Volume 321, Number 4
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increase in short-term morbidity, as reported by previous studies initiating corticosteroid treatment before or after the first
week of life.7,8 Although many infants in this trial experienced adverse effects of preterm birth, the only adverse effect ascribed specifically to hydrocortisone treatment was hyperglycemia requiring insulin. Information on short-term
outcomes is insufficient to assess the long-term safety of hydrocortisone treatment. Therefore, follow-up of the study cohort, including assessment of neurodevelopmental outcome
at 24 months’ corrected age, is currently under way.

Conclusions

Limitations
This study has several limitations. First, this study was not powered to detect smaller differences in the primary outcome. Considering that previous studies showed that dexamethasone reduced the rate of death or BPD almost 25% compared with
placebo,19 it is unlikely that differences smaller than 15% favoring hydrocortisone treatment would change current prac-
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tice. Second, the higher use of open-label corticosteroids in the
placebo group may have diluted a possible effect of hydrocortisone on BPD in the surviving children. Third, lowering the
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a lower a priori risk of the primary outcome. However, the observed high rate of the primary outcome in the placebo group
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Among mechanically ventilated very preterm infants, administration of hydrocortisone between 7 and 14 days after
birth, compared with placebo, did not improve the composite
outcome of death or BPD at 36 weeks’ postmenstrual age.
These findings do not support the use of hydrocortisone for
this indication.
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