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Take-home message: Pediatric ARDS
patients are commonly exposed to
corticosteroids, despite a lack of evidence
for their efficacy. In a large, contemporary,
prospective pediatric ARDS cohort,
corticosteroid exposure >24 h was common
(60 %) and was associated with fewer
ventilator-free days and longer duration of
mechanical ventilation in survivors; these
results persisted after multivariate and
propensity score adjustment.
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Abstract Purpose: Use of sys-
temic corticosteroids in acute
respiratory distress syndrome
(ARDS) remains controversial, and
studies in children are lacking.
Methods: We performed an obser-
vational, single-center study in a
prospectively enrolled cohort of chil-
dren meeting criteria for ARDS (both
Berlin 2012 and AECC 1994 acute
lung injury) and pediatric ARDS
(PARDS, as defined by PALICC
2015). Comprehensive analysis of
corticosteroid utilization was plan-
ned, and detailed information
collected on corticosteroid use, tim-
ing, treatment duration, and
cumulative dose while mechanically
ventilated. We assessed the associa-
tion between corticosteroid
exposure >24 h and outcomes.
Results:  Of the 283 children with
PARDS (37 deaths, 13 %), 169

(60 %) received corticosteroids

for >24 h while ventilated: 51 %
hydrocortisone, 41 % methylpred-
nisolone, 5 % dexamethasone, 3 %
combination of corticosteroids. Cor-
ticosteroid exposure >24 h was

associated with increased mortality,
fewer ventilator-free days at 28 days
(VFD), and longer duration of venti-
lation in survivors in unadjusted
analyses (all p < 0.05). Multivariate
and propensity score adjusted analy-
ses confirmed independent
association of corticosteroid exposure
with fewer VFD and longer duration
of ventilation in survivors, but not
with mortality. In planned analyses of
high-risk subgroups, no benefit was
seen with corticosteroids exposure,
with fewer VFD associated with cor-
ticosteroid exposure >24 h in
patients with >3 organ failures and
immunocompromised patients.
Conclusions: Corticosteroid expo-
sure >24 h was independently
associated with fewer VFD and
longer duration of ventilation in sur-
vivors, even after adjustment for key
potential confounders, including
severity of illness, oxygenation index,
immunocompromised status, and
number of organ failures.

Keywords Pediatric -

Acute respiratory distress syndrome -
ARDS - PARDS - Children -
Corticosteroids


http://dx.doi.org/10.1007/s00134-015-3953-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-015-3953-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-015-3953-4&amp;domain=pdf

1659

Introduction

The role of corticosteroids in acute respiratory distress
syndrome (ARDS) remains controversial. Clinical trials
[1-4], observational studies [5-7], and meta-analyses [8]
do not consistently suggest improved outcomes, and
concerns for immunosuppression [9], secondary infec-
tions [6], and neuromyopathy [2] have prompted efforts to
better elucidate the role for corticosteroids in ARDS.

Children with ARDS are often treated on the basis of
evidence extrapolated from adult studies, despite having
distinct epidemiology and outcomes [10-16]. Recently,
the Pediatric Acute Lung Injury Consensus Conference
(PALICC) convened to develop definitions of pediatric
ARDS (PARDS) [17]. Children with PARDS are often
exposed to corticosteroids, with estimates of exposure
rates ranging from 20 to 60 % in published cohorts [12,
16, 18]. On the basis of a paucity of data and equipoise
regarding corticosteroids in adult ARDS, PALICC rec-
ommended further study focusing on use of
corticosteroids in PARDS [17].

Recently, we described a prospective study of PARDS
involving 283 children [16] aiming to identify variables
associated with survival and ventilator-free days (VFD).
Corticosteroid use was identified a priori as a variable of
interest, and detailed information on corticosteroid use,
type, dosage, and duration collected. The present study
tested the association between corticosteroid exposure
and outcomes in a large cohort of children with PARDS.

Methods

Patient selection

This prospective, observational study was approved by
the Children’s Hospital of Philadelphia’s (CHOP) Insti-
tutional Review Board, and requirement for informed
consent waived. The cohort has been previously described
[16]. Consecutive patients in the pediatric intensive care
unit (PICU) were screened between 1 July 2011 and 30
June 2014. We included children (>1 month and <18 -
years) undergoing invasive mechanical ventilation
meeting American-European Consensus Conference cri-
teria for ALI (Pao,/Fio, < 300 on two consecutive
arterial blood gases separated by at least 1 h and bilateral
parenchymal infiltrates). Exclusion criteria were (1) res-
piratory failure from cardiac failure or fluid overload, (2)
exacerbation of chronic respiratory disease, (3) chronic
ventilator dependence, (4) cyanotic heart disease, (5)
mechanical ventilation for >7 days before Pao,/
Fio, < 300, and (6) established ALI prior to transfer to
CHOP PICU. Determination of bilateral infiltrates was
made independently by a PICU attending physician and a
pediatric radiologist masked to clinical data; only cases

agreed to by both as consistent with ALI met inclusion.
Determination of hydrostatic pulmonary edema (from
either heart failure or anuric/oliguric renal failure) as the
sole etiology of respiratory failure was made in consul-
tation with the PICU attending using available data.
While this study was initiated prior to publication of the
2012 Berlin definition of ARDS [19], all enrolled patients
were invasively ventilated with positive end-expiratory
pressure (PEEP) > 5 cmH,0, and therefore met Berlin
criteria for ARDS. Similarly, all patients met 2015
PALICC oxygenation index (OI) criteria for PARDS [17].

PARDS management

Demographics, ventilator settings, and laboratory data
were recorded for the first 3 days of PARDS. In the absence
of a standardized ventilator protocol, our institutional
practice is to initiate conventional ventilation with a min-
imum 5 cmH,0 of PEEP, and attempt to wean Fio,
to <0.60. There is no specific target Pao,, but typically
Pao, > 60 mmHg is accepted as long as there is clinical
stability. Inability to wean Fio, prompts PEEP escalation
and subsequent efforts to wean Fio,, attempting to maintain
peak inspiratory pressures (PIP) < 35 cmH,0. We pre-
dominantly utilize decelerating flow during conventional
ventilation (either pressure control or pressure-regulated
volume control). Persistently elevated PIP (>35 cmn,0),
hypercarbia (Paco, > 80), or inability to wean Fio, < 0.60
despite increasing PEEP prompt consideration for chang-
ing ventilator modes, or escalation to extracorporeal
membrane oxygenation (ECMO). There is no standard-
ization of ancillary therapies (inhaled nitric oxide,
surfactant, neuromuscular blockade, prone positioning,
corticosteroids), which is left to the discretion of the PICU
attending.

Definition of corticosteroid exposure

We collected extensive information regarding corticos-
teroid exposure. Type of corticosteroid, timing of
initiation, duration of corticosteroid exposure while ven-
tilated, and cumulative corticosteroid exposure during
ventilation (expressed as methylprednisolone equivalents,
MPE [20]) were recorded. Actual doses administered
were verified by reconciliation with nursing medication
administration record. Patients were dichotomized to
those receiving no or <24 h of corticosteroids and those
receiving >24 h, with the purpose of grouping patients
with brief exposures to “stress dose” hydrocortisone
(which were rapidly discontinued) and peri-extubation
doses of corticosteroids together with those receiving no
corticosteroids. Significant corticosteroid exposure was
defined as those receiving >24 h of any corticosteroid
formulation, consistent with previous reports [21, 22].
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Equations

Oxygenation metrics utilized were Pao,/Fio, and OI
[(mean airway pressure x Fio, x 100)/Pao,]. The vaso-
pressor score [23] was dopamine (pg/kg/min) X
1 + dobutamine (pg/kg/min) x 1 4 epinephrine (ug/kg/
min) X 100 + norepinephrine  (ug/kg/min)  x
100 + phenylephrine (pg/kg/min) x 100 + milrinone
(pg/kg/min) x 10. Non-pulmonary organ failures at time
of PARDS diagnosis were identified using standard defi-
nitions for children [24]. The designation of
“immunocompromised” required presence of an
immunocompromising diagnosis (oncologic, immuno-
logic, rheumatologic, or transplant) and active
immunosuppressive chemotherapy, or a congenital
immunodeficiency [25, 26]. Severity of illness score used
was the Pediatric Risk of Mortality (PRISM) III at 12 h.

Definitions of outcomes

Reported outcomes are PICU mortality, VFD at 28 days,
duration of ventilation in survivors, and PICU-acquired
infections. All reference to “mechanical ventilation”
implies invasive ventilation, and non-invasive support
was not counted toward VFD or total ventilator days. For
VFD and duration of mechanical ventilation, the first day
was initiation of invasive ventilation. Liberation from
invasive ventilation for >24 h defined duration of
mechanical ventilation. Patients requiring re-initiation of
invasive ventilation after 24 h of extubation had the extra
days counted towards total ventilator days. VFD was
determined by subtracting total ventilator days from 28 in
survivors. All patients with total ventilator day-
s >28 days, and all PICU non-survivors were assigned
VFD = 0. PICU-acquired infections were based on
operational definitions from the Centers for Disease
Control and the National Healthcare Safety Network [27],
and included central line-associated bloodstream infec-
tions, catheter-associated urinary tract infections,
ventilator-associated pneumonias, and nosocomial
viruses.

Statistical analysis

Data are expressed as percentages or as median [in-
terquartile ranges, IQR]. Most variables were non-
normally distributed according to the Shapiro—Wilk test.
Differences between distributions of categorical variables
were analyzed by Fisher’s exact test. Continuous vari-
ables were compared using the Kruskal-Wallis test.
Associations between corticosteroid exposure >24 h
and outcomes were modeled separately for the indepen-
dent variables of “corticosteroid exposure >24 h”
(dichotomized to yes/no) and for “cumulative

corticosteroid dose” (continuous variable, expressed as
mg/kg MPE). The dependent outcomes were (1) PICU
mortality, (2) VFD, and (3) length of mechanical venti-
lation in survivors (log-transformed for normalcy). We
accounted for confounding using two methods: (1) mul-
tivariate adjustment and (2) propensity score adjustment.
Like multivariate adjustment, propensity score adjustment
attempts to estimate treatment effect after accounting for
confounding covariates. The propensity score, which is
the predicted probability of a given patient in an obser-
vational study receiving an exposure, attempts to balance
the observed baseline covariates between the exposed and
unexposed cohorts, replicating the balancing of covariates
seen in randomized trials.

In the multivariable model, factors associated with the
dependent variable (mortality, VFD, or length of
mechanical ventilation in survivors) in univariate analysis
(p <0.1) were entered into a multivariate regression
model. Because multiple ventilator parameters (PIP, Pao,/
Fro,, OI, use of inhaled nitric oxide) were colinear, only
OI was included in the model. In the propensity adjusted
model, a propensity score for corticosteroid use >24 h
was calculated using the following: age, gender, ethnicity,
PRISM III, immunocompromised status, presence of
reactive airway disease, cause of PARDS, number of non-
pulmonary organ failures, worst OI in the first 24 h,
highest vasopressor score in the first 72 h, and cumulative
fluid balance in the first 72 h. The propensity scores were
divided into quintiles, and the propensity quintile entered
as a covariate in the above regression models. For all
models (including propensity score derivation), goodness
of fit was assessed using Hosmer—Lemeshow statistics.
Data were analyzed using Stata 10.0 (StataCorp, LP,
College Station, TX).

Results
Characteristics of the PARDS cohort

The cohort is summarized in Table 1. Forty-nine patients
received <24 h of corticosteroids (8 single-dose hydro-
cortisone, 35 peri-extubation dexamethasone, 6 both), and
65 received no corticosteroids. These 114 patients com-
prised the “corticosteroid exposure <24 h” cohort. One
hundred and sixty-nine (60 %) children were exposed to
corticosteroids >24 h while ventilated. The “corticos-
teroid exposure >24 h” cohort had higher PRISM III,
more immunocompromised patients, higher vasopressor
scores, and worse oxygenation (Table 1). Patients with
reactive airway disease were more likely to receive cor-
ticosteroids >24 h. In unadjusted analysis, the cohort
exposed to >24 h of corticosteroid experienced more
PICU-acquired infections, longer duration of ventilation,
and higher mortality.
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Table 1 Characteristics of PARDS cohort

All patients No corticosteroids Corticosteroid p value
(n = 283) or exposure <24 h exposure >24 h
(n=114) (n = 169)
Age (years) 4.1 [1.4, 12.8] 4.3 [1.3, 12.9] 4.2 [1.4,12.3] 0.974
Gender: female (%) 118 (42) 46 (40) 72 (43) 0.706
PRISMIIT at 12 h 10 [5, 17] 8 [4, 16] 11 [6, 18] 0.050
Immunocompromised (%) 54 (19) 13 (11) 41 (24) 0.007
Reactive airway disease (%) 43 (15) 5@) 38 (22) <0.001
Cause of PARDS 0.111
Infectious pneumonia 164 (58) 58 (51) 106 (63)
Aspiration pneumonia 28 (10) 13 (11) 15 (9)
Non-pulmonary sepsis 51 (18) 21 (18) 30 (18)
Trauma 22 (8) 10 (9) 12 (7)
Other 18 (6) 12 (11) 6 (3)
Non-pulmonary organ dysfunctions 2 [1, 3] 211, 2] 2 [1, 3] 0.518
at PARDS onset
Serum cortisol (pg/dL) at 20.9 [10.2, 32.5] 24.2 [17.6, 32.3] 18.5 [8.3, 32.6] 0.034
corticosteroid initiation (n = 165)

Ancillary therapies
Inhaled nitric oxide 105 (37) 32 (28) 73 (43) 0.010
Neuromuscular blockade 131 (46) 46 (40) 85 (50) 0.100
Prone positioning 512) 0 (0) 5@03) 0.064
Surfactant 6 (2) 2(2) 4(2) 0.726
First 24 h of PARDS
Worst Pao,/Fio, 130 [91, 175] 153 [105, 191] 123 [87, 154] <0.001
Worst OI 12.2 [8.3, 20.4] 10.6 [7.1, 17.1] 13.6 [9.1, 24.2] <0.001
First 72 h of PARDS
Maximum vasopressor score 10 [4, 20] 8 [4, 16] 10 [4, 23] 0.029
Fluid balance (mL/kg) 95 [37, 179] 97 [47, 165] 95 [29, 184] 0.937
Outcomes
PICU-acquired infections 53 (19) 14 (12) 39 [23] 0.029
Ventilator days (all patients) 10 [6, 17] 8 [6, 15] 11 [7, 19] 0.004
Ventilator days (survivors) 10 [7, 17] 9 [6, 15] 11 [7, 19] 0.013
VFD at 28 days 17 [3, 21] 19 [11, 22] 15 [0, 20] 0.001
PICU deaths (%) 37 (13) 9 (8) 28 (17) 0.034

Among the 160 children receiving >24 h of corticos-
teroid (Table 2), hydrocortisone and methylprednisolone
were the predominant corticosteroids utilized. Corticos-
teroids were most commonly prescribed on the same day
that patients met PARDS criteria, with a median of 0
[IQR 0, 1] days between meeting PARDS criteria and
initial corticosteroid administration, and were exposed to
a median 8 [4, 20] mg/kg MPE while invasively venti-
lated. There were no differences between patients
exposed to hydrocortisone or methylprednisolone in time
to corticosteroid initiation (median O days for both,
p = 0.542), mortality (16 and 17 %, p = 0.980), VFD
(median 14 [IQR 0, 19] versus 15 [0, 20] days,
p = 0.897), or duration of ventilation in survivors (me-
dian 12 [8, 17] versus 10 [7, 20] days, p = 0.708).
Because we found no relationship between type of cor-
ticosteroid and outcomes, “type of corticosteroid” was
not included in subsequent modeling.

Thirty-seven patients (13 %) died in the PICU. In
unadjusted analysis, non-survivors had higher PRISM III,

Table 2 Administration of corticosteroids >24 h in 169 patients

with PARDS

Corticosteroid administered, n (%)

Hydrocortisone
Methylprednisolone
Dexamethasone

Combination

At methylprednisolone initiation
Pao,/Fio,

Ol

Serum cortisol (ng/dL, n = 27)
Vasopressor score

At hydrocortisone initiation
Pao,/Fio,

Ol

Serum cortisol (pg/dL, n = 71)
Vasopressor score

Initial dose (MPE), mg/kg/day
Days after PARDS onset
Duration of therapy (days)

Cumulative dose while invasively

ventilated (MPE), mg/kg

87 (51)
69 (41)
8 (5)
503)

153 [115, 202]
103 [7.4, 15.4]
15.9 [9.9, 32.3]
510, 12]

150 [99, 199]
10.4 [8.3, 18.5]
18.8 [6.6, 30.4]
17 [10, 30]
1[0.8, 4]

0 [0, 1]

715, 12

8 [4, 20]
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Table 3 Variables associated with mortality

Variable Survived Died (n = 37) Unadjusted odds ratio p value
(n = 246) (95 % CI)
Age (years) 3914, 11.9] 6.9 [2.3, 15.2] 1.06 (1.00-1.12) 0.030
PRISM III at 12 h 9 1[5, 15] 20 [12, 30] 1.10 (1.06-1.13) <0.001
Immunocompromised (%) 35 [14] 19 [51] 6.36 (3.04-13.3) <0.001
Non-pulmonary organ dysfunctions at PARDS onset 111, 2] 32, 4] 2.84 (2.03-3.98) <0.001
Worst OI in first 24 h of PARDS 11.4 [7.8, 19.3] 19.6 [10, 29.8] 1.04 (1.02-1.06) 0.001
Maximum vasopressor score in first 72 h of PARDS 8 [3, 18] 15 [7, 26] 1.01 (1.00-1.02) 0.025
Fluid balance in first 72 h of PARDS (mL/kg) 94 [37, 174] 118 [47, 264] 1.003 (1.001-1.006) 0.003
Corticosteroids
Corticosteroids >24 h 141 (57) 28 (77) 2.32 (1.05-5.12) 0.038
Cumulative dose (mg/kg MPE) 2.4 [0, 10] 5[0.5, 15.1] 1.02 (1.00-1.03) 0.025
Table 4 Propensity adjusted covariates between patients exposed to <24 or >24 h of corticosteroids
Variable Propensity adjusted 95 % CI p value
odds ratio
Age 1.00 0.96-1.05 0.979
PRISM III 0.99 0.97-1.03 0.936
Immunocompromised (yes) 1.08 0.50-2.34 0.838
Reactive airway disease (yes) 1.34 0.45-4.05 0.600
Non-pulmonary organ dysfunctions at PARDS onset 1.01 0.81-1.25 0.942
Worst OI in first 24 h of PARDS 1.00 0.98-1.03 0.910
Maximum vasopressor score in first 72 h of PARDS 1.00 0.99-1.02 0.734
Fluid balance in first 72 h of PARDS (mL/kg) 1.00 0.99-1.0 0.881

worse oxygenation, higher vasopressor scores, more S
organ failures, and were more likely to be immunocom-  {
promised (Table 3). Both corticosteroid exposure >24 h 4§ 107 i
and cumulative corticosteroid dose were associated with B
PICU non-survival (p < 0.05). 2 0.8 i ?
S 061 j
Multivariate adjustment g i =
. . . . 2 041 i *
Multiple regression identified variables independently @ T
associated with mortality, VFD, and duration of E )
mechanical ventilation in survivors (Supplementary £ 02
Tables 1-3). Separate models were constructed using the §
independent variables “corticosteroid exposure >24 h” 2 0.0 | QI T
Q1 2 Q3

(model 1) and “cumulative corticosteroid dose”
(model 2). Number of non-pulmonary organ failures and
worst OI were independent predictors of poor outcome in
every model. Corticosteroid exposure >24 h and cumu-
lative corticosteroid dose were independently associated
with VFD and length of mechanical ventilation in sur-
vivors, but not mortality.

Propensity score adjustment

To further address potential confounding, a propensity
score for corticosteroid exposure >24 h was constructed.
The model had an area under the receiver operating
characteristic curve of 0.78 (95 % CI 0.73-0.83),

T T
Q4 Q5

Fig. 1 Quintiles (Q) of propensity score between children exposed
to either no or <24 h (green) or >24 h (blue) of corticosteroids

suggesting good discriminative ability, and good fit
(Hosmer-Lemeshow X2 13.00, df=38, p=0.112).
Propensity score adjusted variables were no longer sig-
nificantly different between cohorts exposed to <24
or >24 h of corticosteroids (Table 4). Probability for
receiving corticosteroid therapy >24 h varied linearly
across quintiles of propensity score, and showed good
matching between the cohorts exposed to <24 or >24 h
of corticosteroids (Fig. 1). The propensity score quintile
was introduced into the above regression models (Sup-
plementary Tables 1-3) as a covariate. The propensity
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Table 5 Summary table of corticosteroid associations

Mortality OR
(95 % CI)

VED coefficient
95 % CI)

(Log) duration of ventilation
in survivors coefficient (95 % CI)

Corticosteroids >24 h

Unadjusted 2.32 (1.05-5.12) —3.40 (=5.50 to —1.31) 0.26 (0.05-0.46)

p 0.038 0.002 0.013

Covariate adjusted 1.85 (0.70-4.92) —2.98 (—5.09 to —0.88) 0.30 (0.09-0.51)

p 0.218 0.006 0.005

Propensity adjusted 1.44 (0.51-4.09) —2.88 (=5.05 to —0.71) 0.28 (0.06-0.50)
0.493 0.009 0.011

p
Cumulative dose of corticosteroids (mg/kg MPE)
Unadjusted 1.02 (1.00-1.03)

—0.12 (=0.17 to —0.07)

0.02 (0.01-0.02)

0.025 <0.001 <0.001
Covariate adjusted 1.02 (1.00-1.04) —0.13 (—0.18 to —0.07) 0.02 (0.01-0.03)
4 0.056 <0.001 <0.001
Propensity adjusted 1.02 (1.00-1.04) —0.12 (—0.18 to —0.07) 0.02 (0.01-0.03)
p 0.101 <0.001 <0.001

adjusted models confirmed that corticosteroid expo-
sure >24 h and cumulative corticosteroid dose were both
independently associated with VFD and duration of
mechanical ventilation in survivors, but not mortality.
The results from different models are summarized in
Table 5.

Subgroup analysis

To test associations in more homogenous subgroups, we
assessed the association between corticosteroid expo-
sure >24 h and outcome in immunocompetent children,
in patients with PARDS resulting from a pulmonary or
non-pulmonary infection requiring vasopressor support
(and therefore meeting criteria for septic shock [24]), and
in children with reactive airway disease or lung disease of
prematurity (Supplementary Table 4). In no subgroup was
benefit seen with corticosteroids. In immunocompetent
children, corticosteroid exposure >24 h was associated
with longer duration of ventilation in survivors and fewer
VED.

High-risk subgroups

We performed additional analyses assessing the associa-
tion between corticosteroid exposure >24 h and outcomes
in three prospectively defined high-risk cohorts: patients
with >3 non-pulmonary organ failures (n = 76, 34 %
mortality), immunocompromised patients (n = 54, 35 %
mortality), and patients with severe PARDS (worst
Ol >16 [17], n = 101, 22 % mortality). There was no
evidence of benefit with corticosteroids in any subgroup.
In patients with >3 non-pulmonary organ failures and
immunocompromised conditions, corticosteroid expo-
sure >24 h  was associated with fewer VFD
(Supplementary Table 5).

PICU-acquired infections

In univariate analysis, both corticosteroid exposure >24 h
and cumulative corticosteroid dose were associated with
more PICU-acquired infections (Table 1). This associa-
tion was not significant after adjustment for duration of
mechanical ventilation for either corticosteroid expo-
sure >24 h (p = 0.221) or cumulative corticosteroid dose
(p = 0.134).

Discussion

In this PARDS cohort, exposure to corticosteroids >24 h
was associated with fewer VFD and longer duration of
ventilation in survivors. These results persisted after
covariate and propensity adjustment. Corticosteroid
use >24 h was prevalent (60 %), with hydrocortisone
accounting for over half of the initial prescription, and
resulted in substantial cumulative dosage during ventila-
tion. Despite not being utilized solely for refractory
hypoxemia or for persistent PARDS, children neverthe-
less experienced substantial corticosteroid exposure.
Given the association with prolonged mechanical venti-
lation, this study has relevance for clinical practice.

The cohort exposed to corticosteroid >24 h showed
greater severity of illness (Table 1). Corticosteroid
use, either for hemodynamic (“stress dosing”) or for
pulmonary indications, was not protocolized and was
left to the discretion of the prescribing physician. To
address this potential source of bias, in addition to
propensity and covariate adjustment, we examined the
association between corticosteroid exposure >24 h and
outcomes in prospectively defined subgroups, includ-
ing several high-risk subgroups. No subgroup showed
benefit with corticosteroid exposure (Supplementary
Tables 4 and 5).
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A single report of PARDS documented the unadjusted
association between corticosteroid exposure and
increased mortality [7]. We find a similar unadjusted
association in this study, but do not find an independent
association between corticosteroid exposure >24 h and
mortality after adjustment for severity of illness. We do
find fewer VFD and increased duration of ventilation in
survivors after multivariate and propensity adjustments. A
recent pilot, placebo-controlled randomized trial investi-
gating low-dose methylprednisolone (2 mg/kg bolus and
1 mg/kg/day on days 1-7, weaned on days 8-14) for
PARDS demonstrated feasibility, but no effect on mor-
tality, VFD, or duration of ventilation [4]. Importantly,
immunocompromised patients and patients with prior
corticosteroid exposure were excluded from this trial,
making comparison with our cohort difficult. The dose
used in this feasibility trial was consistent with the range
observed in our cohort, although the duration was longer
in the trial (14 days).

Our conclusions are consistent with the reported
associations of worse outcomes and corticosteroids in
pediatric sepsis [21, 28] and congenital heart surgery [29].
Potential mechanisms for the worse outcomes include
neuromuscular weakness exacerbated by corticosteroids,
rebound inflammation upon discontinuation of corticos-
teroids, and immunosuppression. While PICU-acquired
infections were associated with corticosteroid expo-
sure >24 h in unadjusted analysis, the association was not
confirmed after adjustment for duration of ventilation.

The methylprednisolone dose used in adult ARDS
trials ranges from 1 to 2 mg/kg/day [1-3], within the
range we observed. One finding of this study was the
significant contribution of hydrocortisone towards cumu-
lative corticosteroid exposure, a factor not typically
adjusted for in methylprednisolone trials. While the per-
centage of  patients (60 %) exposed to
corticosteroids >24 h seems high for PARDS, this likely
reflected the inclusion of all corticosteroid exposure,
including hydrocortisone, which was likely used for
refractory shock. Future trials should account for the
contribution of additional corticosteroids towards out-
comes and adverse effects, as complete exclusion of
patients receiving hydrocortisone may further limit
patient recruitment and generalizability of results.

Timing, duration, and intensity of steroid exposure
may all be important aspects of corticosteroid exposure.
Timing of corticosteroids, in particular, remains contro-
versial. ARDSNet [2] demonstrated higher mortality for
patients started on methylprednisolone 14 days after onset
of ARDS, whereas observational studies [5, 6] associated
early (<3 days) treatment with worse outcomes in adults
with HIN1-ARDS. In the cohort exposed to corticos-
teroids >24 h, patients received corticosteroids at a
median 0 days after meeting PARDS criteria, with 89 %
receiving them within 3 days, thereby precluding

assessment of the effect of timing of corticosteroid
exposure on outcome. Additionally, duration of corti-
costeroid exposure in this cohort (median 7 [IQR 5,
12] days) is less than recommended by some experts [1,
3], with concerns cited for rebound inflammation after
discontinuation [2, 30]. This is further confounded by the
lack of standardization of corticosteroid initiation,
weaning, and termination in this study. Recommendations
for timing, intensity, and duration of corticosteroids in
critically ill children, for either refractory shock or
PARDS, remain uncertain, necessitating an adequately
powered, prospective interventional study.

This study has several strengths. It was prospectively
conducted in a large PICU in children meeting all three
contemporary definitions of ARDS. Detailed demo-
graphic, ventilator, laboratory, and medication data were
collected. Multiple analytic approaches were applied to
minimize confounding. However, our study has impor-
tant limitations. Outcomes reported are short term, and
we were unable to collect information on neuromyopa-
thy or functional outcome status. The study was
conducted at a single center, and while demographics
and severity of illness are comparable to other PARDS
cohorts, mortality rate, ventilator practices, utilization of
ancillary therapies, and fluid and sedation management
were not protocolized, and may not allow generaliz-
ability to other PICUs. Finally, the observational nature
of the study precludes the ability to make conclusions
regarding causality between corticosteroid expo-
sure >24 h and outcomes, and the possibility of
confounding by indication remains. Rather, we are lim-
ited to identifying important associations for future
hypothesis generation and testing.

Conclusion

In this cohort of PARDS, corticosteroid exposure >24 h
and cumulative corticosteroid dose were associated with
fewer VFD and longer duration of invasive mechanical
ventilation in survivors. Results persisted after adjustment
for confounders, including severity of illness, oxygena-
tion index, immunocompromised status, and number of
organ failures. In multiple subgroup analyses, no benefit
was seen for corticosteroids.
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