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Summary
Background There is no proven specific pharmacological treatment for patients with the acute respiratory distress 
syndrome (ARDS). The efficacy of corticosteroids in ARDS remains controversial. We aimed to assess the effects of 
dexamethasone in ARDS, which might change pulmonary and systemic inflammation and result in a decrease in 
duration of mechanical ventilation and mortality.

Methods We did a multicentre, randomised controlled trial in a network of 17 intensive care units (ICUs) in teaching 
hospitals across Spain in patients with established moderate-to-severe ARDS (defined by a ratio of partial pressure of 
arterial oxygen to the fraction of inspired oxygen of 200 mm Hg or less assessed with a positive end-expiratory 
pressure of 10 cm H2O or more and FiO2 of 0·5 or more at 24 h after ARDS onset). Patients with brain death, 
terminal-stage disease, or receiving corticosteroids or immunosuppressive drugs were excluded. Eligible patients 
were randomly assigned based on balanced treatment assignments with a computerised randomisation allocation 
sequence using blocks of 10 opaque, sealed envelopes to receive immediate treatment with dexamethasone or 
continued routine intensive care (control group). Patients in the dexamethasone group received an intravenous dose 
of 20 mg once daily from day 1 to day 5, which was reduced to 10 mg once daily from day 6 to day 10. Patients in both 
groups were ventilated with lung-protective mechanical ventilation. Allocation concealment was maintained at all 
sites during the trial. Primary outcome was the number of ventilator-free days at 28 days, defined as the number of 
days alive and free from mechanical ventilation from day of randomisation to day 28. Secondary outcome was all-
cause mortality 60 days after randomisation. All analyses were done according to the intention-to-treat principle. This 
study is registered with ClinicalTrials.gov, NCT01731795.

Findings Between March 28, 2013, and Dec 31, 2018, we enrolled 277 patients and randomly assigned 139 patients to 
the dexamethasone group and 138 to the control group. The trial was stopped by the data safety monitoring board due 
to low enrolment rate after enrolling more than 88% (277/314) of the planned sample size. The mean number of 
ventilator-free days was higher in the dexamethasone group than in the control group (between-group difference 
4·8 days [95% CI 2·57 to 7·03]; p<0·0001). At 60 days, 29 (21%) patients in the dexamethasone group and 
50 (36%) patients in the control group had died (between-group difference –15·3% [–25·9 to –4·9]; p=0·0047). The 
proportion of adverse events did not differ significantly between the dexamethasone group and control group. The 
most common adverse events were hyperglycaemia in the ICU (105 [76%] patients in the dexamethasone group vs 
97 [70%] patients in the control group), new infections in the ICU (eg, pneumonia or sepsis; 33 [24%] vs 35 [25%]), 
and barotrauma (14 [10%] vs 10 [7%]).

Interpretation Early administration of dexamethasone could reduce duration of mechanical ventilation and overall 
mortality in patients with established moderate-to-severe ARDS.

Funding Fundación Mutua Madrileña, Instituto de Salud Carlos III, The European Regional Development’s Funds, 
Asociación Científica Pulmón y Ventilación Mecánica.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Acute respiratory distress syndrome (ARDS) is an 
intense inflammatory process of the lungs in response 
to acute pulmonary and systemic insults. Clinically, 
this heterogeneous syndrome is characterised by acute 
hypoxaemic respiratory failure and bilateral pulmonary 
infiltrates on chest x-ray.1 Lung-protective mechanical 
ventilation using a tidal volume of 4–8 mL/kg predicted 
bodyweight and limiting end-inspiratory plateau pressure 

below 30 cm H2O is the standard method for ventilating 
patients’ lungs with ARDS.2

There are no proven effective, specific pharmacological 
therapies for ARDS based on the results of randomised 
clinical trials. Several drugs, including nitric oxide, 
heparin, active protein C, ketoconazole, ibuprofen, and 
antioxidants have been investigated, but none have been 
shown to improve patient outcome.3 There has been great 
interest in the role of corticosteroids to attenuate the 
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See Online for appendix pulmonary and systemic damage in patients with ARDS 
because of their potent anti-inflammatory and antifibrotic 
properties.4 Different regimens of corticosteroids have 
been tested in ARDS with inconclusive results.5–8 Recent 
guidelines by the Society of Critical Care Medicine and the 
European Society of Intensive Care Medicine have made a 
conditional recommendation for glucocorticoids based 
on evidence of moderate quality from a meta-analysis 
of nine randomised controlled trials in patients with 
ARDS.9 Despite no conclusive results, it remains clinically 
and biologically plausible that corticosteroids might 
benefit patients with ARDS in the early phase of their 
disease process, a situation that has not been evaluated 
in most randomised controlled trials. Paradoxically, 
these hormones are given to patients with septic shock 
and pneumonia, both causes of ARDS.7,10 Of note, 
most randomised controlled trials testing the efficacy 
of corticosteroids in ARDS were done in ventilated 
patients using non-protective mechanical ventilation. It 
remains uncertain whether corticosteroids in established 
ARDS, when combined with lung-protective mechanical 
ventilation, offers a survival benefit.

Dexamethasone has never been evaluated in a 
randomised controlled trial in patients with ARDS, 
despite it having potent anti-inflammatory and weak 
mineralocorticoid effects compared with other corticoids.10 
Dexamethasone is 20–30 times more potent than the 
naturally occurring hormone cortisol, and 4–5 times more 
potent than prednisone.4 Dexamethasone has pharmaco
logical effects that are long lasting, allowing for a regimen 
of one dose per day.10 The benefits of the addition of 
dexamethasone to supportive treatment are unknown in 

patients with ARDS. We postulated that early adjunctive 
treatment with intravenous dexamethasone in patients 
with established moderate-to-severe ARDS might atten
uate the pulmonary and systemic inflammatory responses, 
and thereby might decrease both duration of mechanical 
ventilation and all-cause mortality.

Methods
Study design and patients
This trial was an investigator-initiated, multicentre, 
randomised controlled trial done in a network of 
17 intensive care units (ICUs) in teaching hospitals 
across Spain (appendix p 4). Eligible patients were aged 
18 years or older; intubated and mechanically ventilated; 
had acute onset of ARDS, as defined by the American-
European Consensus Conference criteria for ARDS,11 or 
by the Berlin criteria as moderate-to-severe ARDS,12 
which includes having an initiating clinical condition 
(eg, pneumonia, aspiration, inhalation injury, sepsis, 
trauma, or acute pancreatitis) within 1 week of the 
known clinical insult, or new or worsening respiratory 
symptoms; bilateral pulmonary infiltrates on chest 
imaging (x-ray or CT scan); absence of left atrial 
hypertension, pulmonary capillary wedge pressure of 
less than 18 mm Hg, or no clinical signs of left heart 
failure; and hypoxaemia, as defined by a ratio between 
partial pressure of oxygen in arterial blood and fraction 
of inspired oxygen (PaO2/FiO2) of 200 mm Hg or less on 
positive end-expiratory pressure (PEEP) of 5 cm H2O or 
more, regardless of FiO2. Exclusion criteria were 
pregnancy or active lactation, brain death, terminal-stage 
cancer or other disease, a decision to do-not-resuscitate, 

Research in context

Evidence before this study
There is no proven specific pharmacological treatment for 
patients with the acute respiratory distress syndrome (ARDS). 
A meta-analysis of nine small randomised clinical trials 
investigating prolonged corticosteroid (methylprednisolone or 
hydrocortisone) treatment in early and late ARDS reported, with 
consistency, a significant reduction in markers of inflammation, 
improvement in gas exchange, reduction of duration of 
mechanical ventilation, and reduction in length of stay in the 
intensive care unit. However, the aggregate data of these 
randomised trials provided insufficient evidence for a mortality 
benefit. A large confirmatory trial was needed. We searched the 
PubMed and Web of Science databases for all randomised trials 
describing the effects of dexamethasone as adjunctive therapy 
for mechanically ventilated patients with the ARDS. We used the 
search terms “acute respiratory distress syndrome”, OR “adult 
respiratory distress syndrome”, OR “acute lung injury”, OR 
“ARDS” AND “dexamethasone” OR “randomized” OR 
“randomized controlled trial” OR “clinical trials” OR “trials”. We 
also added “humans” and “NOT infant” for a second search field. 
No language restrictions were applied. The last search was done 

in April 23, 2019. No published trials with dexamethasone in 
ARDS were identified.

Added value of this study
To our knowledge, this is the first randomised clinical trial 
testing the efficacy of dexamethasone in patients with 
established ARDS. Our study shows that starting treatment 
with intravenous dexamethasone at 24 h of ARDS onset for a 
maximum of 10 days, or until mechanical ventilation and 
extubation (if occurring before day 10 after randomisation) is 
not needed, is associated with a substantial reduction in 
duration of mechanical ventilation and all-cause 60-day 
mortality in patients with established moderate-to-severe 
ARDS ventilated with lung-protective mechanical ventilation.

Implications of all the available evidence
Despite the substantial heterogeneity of clinical conditions 
associated with ARDS in our study, our findings support the 
notion that early therapy with dexamethasone could change 
the systemic immune responses and thereby could reduce the 
duration of mechanical ventilation and the overall mortality in 
patients with established moderate-to-severe ARDS.
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treatment with corticosteroids or immunosuppressive 
drugs, enrollment in another experimental treatment 
protocol, severe chronic obstructive pulmonary disease, 
or congestive heart failure.

We defined onset of ARDS as the day and time in 
which the patient first met moderate-to-severe ARDS 
criteria. We used an enrichment strategy at 24 h after 
ARDS onset to decrease heterogeneity and to restrict 
enrolment to screened patients at higher risk of death, 
thereby allowing use of mortality as an endpoint.13 

Prognostic enrichment strategies can preclude some 
concerns regarding reported low overall mortality 
rates.14 Recent ARDS trials restricted enrolment to 
patients with PaO2/FiO2 of less than 150 mm Hg,15,16 
resulting in baseline mortality nearly doubling from the 
randomised controlled trials enrolling patients with 
ARDS who had a PaO2/FiO2 of 300 mm Hg or less. In 
our trial, we identified patients with established ARDS 
by a two-step process: we made mandatory the 
standardisation of measuring PaO2/FiO2 at 24 h after 
ARDS onset using a standardised ventilatory setting17,18 
on PEEP of 10 cm H2O or higher and FiO2 of 0·5 or 
higher (appendix p 8) because the cutoff value of 
PaO2/FiO2 is an important  determinant for ARDS 
stratification, and oxygenation improves in many 
patients with ARDS after meeting initial inclusion 
criteria; only patients with a PaO2/FiO2 of 200 mm Hg 
or less under these ventilatory settings were eligible for 
randomisation. Thus, we only enrolled patients 
considered to have established ARDS who met the 
Berlin criteria for moderate-to-severe ARDS under a 
standardised ventilatory setting. 

The trial was designed in accordance with the 
Declaration of Helsinki.19 The trial protocol and statistical 
analysis plan were published previously17 and are 
available in the appendix p 7. The protocol for this study 
was approved by the referral Ethics Committee (Hospital 
Clínico Universitario, Valencia, Spain). We obtained 
ethical approval and negotiated contracts from all 
participating hospitals, when required, before study 
initiation. Immediately after we assessed patients as 
fulfilling the criteria for established ARDS, patient 
representatives provided written informed consent for 
inclusion of patients in the study. A data and safety 
monitoring board oversaw conduct of the trial, while 
remaining masked to the outcomes of interest and 
recommended to continue the trial after doing an interim 
analysis with data from the first 157 randomly assigned 
patients.

Randomisation and masking
Patients were randomly assigned  to receive conventional 
treatment (ie, continued routine intensive care; control 
group) or conventional treatment plus intravenous 
dexamethasone. Randomisation was based on balanced 
treatment assignments and stratified for centres using 
blocks of ten opaque, prenumbered, sealed envelopes 

sent to each participating ICU, according to a computer-
generated random-number table. The computer-gen
erated allocation sequence was done by a statistician who 
was involved in the rest of the trial. Although the leading 
investigator in each centre was the only person 
responsible for enrolling patients and had access to the 
randomisation envelopes, the management and treat
ment of randomly assigned patients were provided by 
400 local staff (physicians and nurses) not involved in the 
study. Patients, investigators, and attending clinicians 
were never informed about the sequence of the code of 
the envelopes and the number of patients in each 
treatment group from those blocks. When a patient was 
randomly assigned, the site investigator immediately 
reported the envelope number and treatment group to 
the trial data manager for confirmation. Subsequent 
blocks of envelopes were sent to participating ICUs with 
high enrolment rates. As we restricted access to 
unmasked data to the database manager, we are confident 
that allocation concealment was maintained at all sites 
during the entire trial.

Although dexamethasone was not administered in a 
masked manner, the risk of assessment bias is very low 
because one of the outcomes of interest (mortality) is 
objective, and investigators completing the statistical 
analysis and long-term (60-days) outcome assessment 
were masked collectively to the study group (appendix 
p 9). According to the ethical principles for medical 
research of the Declaration of Helsinki,19 the use of no 
placebo (no intervention) is acceptable when no proven 
intervention exists and when the patients who receive a 
placebo could be subjected to additional risks (eg, 
intravenous catheter-associated infections and interaction 
with other medications). The Spanish Agency of Drugs 
and Medical Devices and the referral Ethics Committee 
did not mandate a blinded design nor the administration 
of a placebo.

Procedures
Patients assigned to the dexamethasone group received 
the first dose immediately after being randomly assigned 
(no later than 30 h after ARDS onset). Patients in the 
dexamethasone group received an intravenous dose of 
20 mg once daily from day 1 to day 5, which was reduced 
to 10 mg once daily from day 6 to day 10. We selected 
these doses and time of treatment by quadrupling the 
dose by Meijvis and colleagues10 the first 5 days and then 
doubling the dose used by Meijvis and colleagues10 
because patients in our trial were sicker than the patients 
in the Meijvis trial10 who had community-acquired 
pneumonia, and we used half of the dose used of that 
in the study of Azoulay and colleagues who enrolled 
patients with cancer in whom they added very high doses 
of dexamethasone to chemotherapy until neutropenia 
occurred.20 Treatment with dexamethasone was main
tained for a maximum of 10 days after randomisation or 
until extubation (if occurring before day 10). If the patient 
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was extubated before day 10, the last dose of 
dexamethasone was always administered beforehand. 
Because clinicians were aware of the group assignments 
in the trial, a patient in the control group with a non-
resolving ARDS due to a corticosteroid-sensitive lung 
condition could receive corticosteroids.21

Supportive management of patients enrolled in the trial 
was not strictly controlled. However, in both treatment 
groups, physicians were repeatedly asked to follow 
recommendations for usual critical care management, 
including antibiotic therapy and haemodynamic support, 
aimed at maintaining optimal conditions. For ventilatory 
management, physicians followed recommendations for 
lung-protective mechanical ventilation in both treatment 
groups. Patients were ventilated with a tidal volume of 
4–8 mL/kg predicted bodyweight, with a plateau pressure 
of less than 30 cm H2O, to a respiratory rate that 
maintained PaCO2 between 35 and 50 mm Hg (permissive 
hypercapnia was allowed to target tidal volume), and with 
PEEP and FiO2 combinations according to the PEEP–FiO2 
table of the ARDSnet protocol,2 ensuring that among 
the PEEP and FiO2 combinations, clinicians should use 
the PEEP levels that allowed the reduction of FiO2 to the 
lowest level for maintaining a PaO2 of more than 60 mm 
Hg or an SpO2 of more than 90%. Neuromuscular 
blocking drugs, sedation, prone positioning, and recruit
ment manoeuvres were allowed at the discretion of 
the attending physician. Weaning off mechanical venti
lation started when the attending physician considered 
it clinically appropriate. In both groups, patients were 
assessed daily for readiness using a spontaneous breath
ing trial based on the ARDSnet protocol2 (appendix p 9). 
If the patient passed the trial, a decision for extubation 
was taken, unless there was a specific reason not to 
extubate.

Data from lung mechanics (eg, tidal volume, respiratory 
rate, plateau pressure, and PEEP), gas-exchange (eg, FiO2, 
PaO2, PaO2/FiO2, PaCO2, and pH), and haemodynamics 
(eg, heart rate, blood pressure, and need for vasoactive 
drugs) were collected on days 0, 1, 3, 6, and 10, and every 
7 days, including the last day of mechanical ventilation. 
We recorded routine biochemistry and haematological 
tests; the frequency of complications, such as barotrauma, 
pneumonia, and sepsis; the acute physiology and chronic 
health evaluation II score on days 0 and 1; and the 
sequential organ failure assessment score22 on days 0, 1, 
3, 6, and the last day of mechanical ventilation. We 
monitored duration of mechanical ventilation and ICU 
and hospital mortality. Patients were followed up for 
60 days after enrolment.

Outcomes
The primary outcome was the number of ventilator-free 
days at 28 days after randomisation. Similarly to what has 
been recently recommended,14 we made the following 
considerations for calculating number of ventilator-free 
days: successful liberation from mechanical ventilation 

should last more than 48 h without reintubation in 
patients who have survived 28 days after randomisation 
(extubation was counted from the last successful attempt 
in patients who have survived 28 days since randomisation) 
and for patients ventilated for 28 days or more or who died 
before 28 days (irrespective of intubation status), the 
number of ventilator-free days was recorded at zero.

The secondary outcome was death from any cause 
60 days after randomisation. Site investigators were 
contacted regularly by the data manager for reporting 
patient status at day 60, irrespective of whether the 
patient remained in the same hospital, in another health-
care facility, or discharged home. If patients were 
discharged alive from hospital before day 60, clinical 
status information at 60 days was obtained from the 
electronic clinical record. The Public Health Care System 
in Spain provides information about the clinical status of 
any patient through the electronic clinical record system 
that exists in any public hospital, city, province, or region. 
In the few cases in which no information was obtained 
from the electronic clinical record (eg, the patient was 
not in contact with the outpatient clinic or home-care 
professionals), the local investigator contacted the patient 
or relatives by telephone to ensure the status of the 
patient at day 60. Additionally, lead investigators in each 
site confirmed the recorded 60-day mortality at the time 
of data analysis (appendix p 10).

Statistical analysis
We estimated the sample size on the assumption that 
dexamethasone could increase the number of 
ventilation-free days by 2 days or more or would reduce 
overall 60-day mortality by 15% or more. We did a power 
analysis according to Schoenfeld and colleaues23 and 
combined both endpoints for estimating sample size, as 
reported in our protocol.17 Our baseline reference was 
9 days for number of ventilation-free days and 48% for 
60-day mortality, based on clinical judgement and 
several studies.18,23–26 We used a Markov chain simulator 
model for estimating the distributions of both groups.17 
For sample size calculations, we used the expected 
distribution, the estimated SD for the mean number of 
ventilation-free days, and the expected 60-day mortality 
for each treatment group (appendix p 11). We examined 
various group-size scenarios, with cohort sizes between 
294 and 314 patients, to detect differences with a power 
of 80% and a type I error of 5%. A maximum population 
size of 314 patients (157 in each group) satisfied all 
scenarios. We analysed only patients who were enrolled 
and randomly assigned to receive treatment. The trial 
design allowed one interim analysis for efficacy and 
futility when 50% of the planned number of patients had 
been randomly assigned and followed up to day 60 after 
randomisation. A data and safety monitoring board 
reviewed the results of this interim analysis (details 
regarding stopping rules are provided in our protocol17 
and in the appendix p 12).
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We report mean and SD, median and IQR, frequency 
and percentages, depending on the nature and distri
bution of variables. We compared continuous variables 
with the Student’s t test. We compared categorical 
variables using Fisher’s exact test. Primary and secondary 
outcomes are reported with between-group observed 
differences and 95% CIs. Kaplan-Meier survival curves 
for each group until day 60 after randomisation were 
compared with a log-rank test. Frequency of adverse 
events and complications were compared with the χ² test. 
All analyses were done according to the intention-to-treat 
principle, without adjustment for multiple comparisons. 
Two-sided p values of less than 0·05 were considered to 
indicate statistical significance. All analyses were done 
using R software (version 3.5.2). This study is registered 
with ClinicalTrials.gov, number NCT01731795.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between March 28, 2013, to Dec 31, 2018, we enrolled 
277 patients and randomly assigned 139 patients to the 
dexamethasone group and 138 patients to the control 
group (figure 1). The trial was stopped following 
recommendations by the data and safety monitoring 
board due to low enrolment numbers (appendix p 14), 
after enrolling more than 88% (277/314) of the planned 
sample size (appendix p 11). Patients were most 
commonly excluded at the time of ARDS diagnosis due 
to receiving corticosteroids or immunosuppressors and 
before randomisation due to improvement of PaO2/FiO2 
above 200 mm Hg at 24 h after ARDS diagnosis (figure 1). 
Median enrolment across the 17 participating sites was 11 
(IQR 5–23) patients. Baseline characteristics of enrolled 
patients at ARDS onset and at the time of randomisation 
did not differ between the treatment groups (table 1; 
appendix p 14). Main causes of ARDS were pneumonia 
(147 [53%] of 277 patients) and sepsis (67 [24%]). During 
the 10-day course of treatment with dexamethasone, the 
median number of days patients received treatment was 
10 (IQR 6–10). No patient in either group required 
readmission into the ICU after being discharged from 
ICU within the 60-days after randomisation.

For the primary outcome, patients in the dexa
methasone group had a greater mean number of 
ventilator-free days than did patients in the control group 
(mean 12·3 [SD 9·9] vs 7·5 [9·0] days; between-groups 
difference 4·8 days [95% CI 2·57–7·03]; p<0·0001; 
table 2). Within the 28-day period after randomisation, 
19 patients (12 [8·6%] in the dexamethasone group vs 
seven [5·1%] in the control group) developed extubation 
failure and were reintubated or reconnected to 

mechanical ventilation (in case they had a tracheotomy). 
There is no evidence that weaning in the dexamethasone 
group was done more quickly than in the control group 
and therefore had no effect on the number ventilator-
free days. Mean duration of mechanical ventilation 
(20 [SD 12] days in the control group vs 24 [9] days in the 
dexamethasone group) and number of deaths [three 
(25%) of 12 vs two (29%) of seven] were similar in both 
treatment groups in those 19 patients with extubation 
failure. We do not have any evidence from our trial that 
removal of dexamethasone after extubation had any 
influence in the clinical deterioration of patients with or 
without extubation failure. There were no differences in 
ICU mortality between patients receiving dexamethasone 
for 1 week or less after randomisation (ten [18%] of 
55 patients) and those receiving dexamethasone up to a 
maximum of 10 days after randomization (16 [19%] of 
84 patients).

Figure 1: Trial profile
ARDS=acute respiratory distress syndrome. ICU=intensive care unit. PaO₂/FiO₂=the ratio of partial pressure of 
arterial oxygen to the fraction of inspired oxygen.

139 assigned to dexamethasone

139 included in the 
intention-to-treat analysis

1 transferred to other hospital
1 protocol deviation
2 screening failure

1 immunocompromised
1 terminal cancer

138 assigned to control

138 included in the 
intention-to-treat analysis

1 screening failure
1 non-ARDS

2 protocol deviation
2 steroid-sensitive  

pathologies

277 randomly assigned

376 eligible

1006 patients assessed for eligibility

99 excluded during first 24 h
70 PaO2/FiO2 >200 mm Hg
23 no informed consent

3 death ≤24 h
2 excluded by ICU staff
1 screening failure

630 excluded
250 received corticosteroids or immunosuppressors

98 severe chronic respiratory insufficiency
95 >24 h elapsed since ARDS onset
85 terminal disease
47 congestive heart failure
28 had decision to limit therapy
18 overlooked by ICU staff

5 pregnancy or lactation
3 enrolment in another trial
1 brain death
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For the secondary outcome, at 60 days after randomi
sation, 29 (21%) patients allocated to the dexamethasone 
group and 50 (36%) patients allocated to the control 

group had died (table 2; figure 2), meaning that one 
death in the 60-day period was avoided for every seven 
patients treated. Most patient deaths in both groups 
occurred in the ICU (table 2). Number of patients 
randomly assigned and number of deaths by sites are 
reported in appendix p 14. Of note, when grouping 
centres by the total number of randomly assigned 
patients (<10, 10–25, >25 patients), the number of total 
deaths at 60-days in each of those three categories was 
always lower in the dexamethasone group than in the 
control group (appendix p 15).

Actual duration of mechanical ventilation in ICU 
survivors was shorter in the dexamethasone group 
than in the control group (table 2). The distribution of 
patients receiving continuous infusion of neuromuscular 
blocking drugs or recruitment manoeuvres within the 
first 10 days of ARDS were similar between both groups 
(81 [58%] of 139 patients in the dexamethasone group vs 
82 [59%] of 138 patients in the control group and 90 [65%] 
vs 92 [67%], respectively; appendix p 15). The use of 
neuromuscular blocking drugs ranged from 16 (47%) of 
34 patients enrolled in 2018 to 36 (67%) of 54 patients 
enrolled in 2015, with no significant difference seen 
during this study time (p=0·16). Of note, patients in the 
dexamethasone group required less prone ventilation 
than did patients in the control group for maintaining 
oxygenation objectives (28 [20%] of 139 patients vs 
42 [30%] of 138 patients; between-group difference 10·3% 
[95% CI 4–20; p=0·0492]. Also, 14 patients were treated 
with extracorporeal lung support for non-resolving 
hypoxaemia in several participating centres with 
expertise in extracorporeal support (five [3·6%] in the 
dexamethasone group and nine [6·5%] in the control 
group). Because extracorporeal lung support was not 
available in all centres, we assessed the effects of 
extracorporeal support on the 60-day mortality under two 
possible scenarios: considering all extracorporeal-
assisted patients as deaths in either group, or excluding 
all extracorporeal-assisted patients in both groups. Both 
scenarios showed that dexamethasone increased survival 
(p=0·0087 for the first scenario and p=0·0169 for the 
second scenario).

Patients in the dexamethasone group had a lower 
sepsis-related organ failure assessment (SOFA) score as 
early as day 3 of initiating treatment and a higher 
PaO2/FiO2 at day 6 than did patients in the control group 
(table 3). The mean number of extrapulmonary organ 
system failures varied after randomisation for both 
groups and between groups. According to our protocol, 
the main adverse events recorded in this trial were 
hyperglycaemia (blood glucose >180 mg/dL) and new 
infections (eg, pneumonia or sepsis) after randomisation. 
The occurrence of hyperglycaemia within the first 10 days 
of randomisation was similar in both groups (table 2). 
Dexamethasone did not increase the type and rate of 
infectious complications during the ICU stay (table 2; 
appendix p 16).

Dexamethasone group 
(n=139)

Control group (n=138)

Age, years 56 (14) 58 (15)

Sex

Female 43 (31%) 43 (31%)

Male 96 (69%) 95 (69%)

Sequential Organ Failure Assessment score* 8·7 (3·1) 8·6 (3·2)

Time from intubation to randomisation, days 2·1 (2·6) 2·1 (2·6)

Time from ARDS diagnosis to randomisation, days 1·0 (0·1) 1·0 (0·2)

Cause of ARDS

Pneumonia 75 (54%) 72 (52%)

Sepsis 33 (24%) 34 (25%)

Aspiration 18 (13%) 15 (11%)

Trauma 11 (8%) 10 (7%)

Others 2 (1%) 7 (5%)

Degree of lung severity, number of patients

Moderate (100 <PaO2/FiO2 ≤200) 118 121

Severe (PaO2/FiO2 ≤100) 21 17

PaO2/FiO2, mm Hg 142·4 (37·3) 143·5 (33·4)

Tidal volume, mL per predicted bodyweight 6·9 (0·7) 6·9 (0·8)

Respiratory rate, breaths per min 23 (5) 23 (5)

FiO2 0·64 (0·16) 0·64 (0·15)

Positive end-expiratory pressure, cm H2O 12·6 (2·7) 12·5 (2·6)

Inspiratory plateau pressure, cm H2O† 26·4 (4·1) 26·1 (4·2)

PaCO2, mm Hg 47·9 (10·2) 47·8 (9·3)

Arterial pH 7·34 (0·09) 7·35 (0·08)

Data are n (%), mean (SD), unless otherwise stated. ARDS=acute respiratory distress syndrome. PaO2/FiO2=ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen. PaCO2=partial pressure of arterial carbon dioxide. 
*Ranges from 0 to 24 points, with higher scores indicating greater organ dysfunction.22 †The inspiratory plateau 
pressure was assessed in 138 patients in the dexamethasone group and 134 in the control group. 

Table 1: Characteristics of the patients at randomisation

Dexamethasone 
group (n=139)

Control 
group 
(n=138)

Between-group 
difference (95% CI)

p value

Ventilator-free days at 28 days 12·3 (9·9) 7·5 (9·0) 4·8 (2·57 to 7·03) <0·0001

All-cause mortality at day 60 29 (21%) 50 (36%) –15·3% (–25·9 to –4·9) 0·0047

ICU mortality 26 (19%) 43 (31%) –12·5% (–22·4 to –2·3) 0·0166

Hospital mortality 33 (24%) 50 (36%) –12·5% (–22·9 to –1·7) 0·0235

Actual duration of mechanical 
ventilation in ICU survivors, days

14·2 (13·2) 19·5 (13·2) –5·3 (–8·4 to –2·2) 0·0009

Actual duration of mechanical 
ventilation in survivors at day 60, days

14·3 (13·3) 20·2 (14·0) –5·9 (–9·1 to –2·7) 0·0004

Adverse events and complications*

Hyperglycaemia in ICU 105 (76%) 97 (70%) 5·2% (–5·2 to 15·6) 0·33

New infections in ICU 33 (24%) 35 (25%) 1·6% (–8·5 to 11·7) 0·75

Barotrauma 14 (10%) 10 (7%) 2·8% (–4·0 to 9·8) 0·41

Data are n (%) or mean (SD). ICU=intensive care unit. *Data included the period from randomisation to day 10 (for 
hyperglycaemia) and from randomisation to ICU discharge (for new infections and barotrauma).

Table 2: Outcomes, adverse events, and complications
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The prevalence of pneumothorax was similarly 
distributed in both groups (14 [10%] of 139 patients in the 
dexamethasone groups vs ten [7·3%] of 138 patients in 
the control group; p=0·41; appendix p 16).

Discussion
To our knowledge, this is the first randomised trial 
testing the efficacy of dexamethasone in patients with 
ARDS and investigating prolonged corticosteroid 
treatment in patients with ARDS receiving lung-
protective mechanical ventilation. In patients with 
established moderate-to-severe ARDS administered 
intravenous dexamethasone, we observed a reduction in 
the number ventilator-free days of more than 4 days and 
a 15% increase in the 60-day survival compared with 
patients in the control group.

We acknowledge that the observed treatment effect was 
larger than expected. However, these findings support our 
hypothesis that early therapy with dexamethasone could 
change the systemic immune responses and thereby could 
reduce the duration of mechanical ventilation and overall 
mortality. Surprisingly, the difference in the number of 
ventilator-free days between groups and number of 
patients needed to treat to prevent one death are similar to 
the results reported in a meta-analysis of nine randomised 
controlled trials of 816 patients given corticosteroids.9 
Although we did not measure biomarkers of inflammation 
before and after start of treatment, as done in other 
studies,6,10 our results could have clinical and biological 
plausibility because the tested intervention affected both 
the number of ventilator-free days and overall survival in 
the same direction.14 In our study, the use of number of 
ventilator-free days as a primary outcome is more 
defendable because in addition to reducing mortality, 
dexamethasone also reduced actual duration of mechanical 
ventilation in survivors. This could be clinically relevant, 
not only for the statistical performance of ventilator-free 
days (ie, to the efficiency of this composite), but also for the 
acceptance of our trial results. In the trial by Steinberg and 
collaegues,6 methylprednisolone resulted in identical 
60-day mortality (primary outcome), but more ventilator-
free days at 28 days. The rate of reintubation in our trial 
was very low (7%). It is estimated that the rate of 
reintubation after extubation failure for all indications is 
approximately 20%.27

Our findings suggest that the mechanism by which 
dexamethasone reduces the duration of mechanical Figure 2: Kaplan-Meier survival estimates during the first 60 days of trial
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–15·3% (–25·9 to –4·9); p=0·0047

+

+

Day 0 Day 3 Day 6 Day 10

Control
(n=138)

Dexamethasone 
(n=139)

Control
(n=134)

Dexamethasone 
(n=136)

Control
(n=114)

Dexamethasone 
(n=114)

Control
(n=98)

Dexamethasone 
(n=70)

Sequential Organ Failure Assessment* score 8·6 (3·2) 8·7 (3·1) 8·0 (3·7) 6·6 (3·5) 6·7 (3·5) 5·2 (3·3) Not recorded Not recorded

Extrapulmonary organ failures 1·5 (1·0) 1·5 (1·0) 1·4 (1·1) 1·1 (1·0) 1·0 (1·1) 0·7 (0·9) Not recorded Not recorded

Tidal volume, mL/kg per predicted 
bodyweight

6·9 (0·8) 6·9 (0·7) 6·8 (1·0) 6·8 (1·3) 6·8 (1·3)
(n=113)

7·2 (1·5) 6·7 (1·4)
(n=96)

6·9 (1·3)
(n=69)

Respiratory rate, breaths per min 23 (5) 23 (5) 22 (5) 21 (6) 22 (5)
(n=113)

20 (6) 21 (6)
(n=96)

18 (5)

Plateau pressure, cm H2O 26·1 (4·2) 26·4 (4·1) 23·7 (5·1)
(n=129)

22·1 (4·8)
(n=131)

23·7 (5·5)
(n=93)

20·4 (4·5)
(n=96)

23·3 (6·5)
(n=73)

20·2 (4·4)
(n=53)

Positive end-expiratory pressure, cm H2O 12·5 (2·6) 12·6 (2·7) 12·6 (2·8) 12·0 (3·0) 11·2 (3·4) 10·7 (3·1) 10·9 (3·6) 9·4 (3·6)

FiO2 0·64 (0·15) 0·64 (0·16) 0·54 (0·13) 0·52 (0·13) 0·54 (0·14) 0·49 (0·15) 0·51 (0·16) 0·48 (0·13)

PaO2/FiO2, mm Hg 143·5 (33·4) 142·4 (37·3) 198·8 (67·9)
(n=132)

208·5 (70·4) 192·0 (78·6)
(n=112)

218·9 (85·1)
(n=113)

205·1 (87·0)
(n=94)

229·1 (80·2)

PaCO2, mm Hg 47·8 (9·3) 47·9 (10·2) 46·7 (10·2)
(n=130)

43·5 (8·3)
(n=133) 

46·8 (10·3)
(n=110)

40·6 (7·2)
(n=108)

46·9 (11·7)
(n=92)

41·0 (9·1)
(n=69)

pH 7·35 (0·08) 7·34 (0·09) 7·40 (0·08)
(n=129)

7·42 (0·06)
(n=133)

7·42 (0·08)
(n=110)

7·45 (0·06)
(n=108)

7·42 (0·09)
(n=96)

7·44 (0·07)
(n=69)

Glycaemia, mg/dL 156·4 (43·5)
(n=135)

177·6 (49·7)
(n=137)

158·3 (40·7)
(n=129)

180·6 (44·4)
(n=134)

157·4 (41·2)
(n=112)

166·6 (46·3)
(n=106)

148·0 (45·1) 156·2 (40·9)
(n=68)

Data are mean (SD). ARDS=acute respiratory distress syndrome. *Measured in six organ systems (respiratory, cardiovascular, haematological, liver, kidney, and nervous), with each organ scored from 0 to 4, 
resulting in an aggregated score ranging from 0 to 24, with higher scores indicating greater dysfunction.22 In some cells, the denominator differs from the stated patient population because data were not always 
available for the whole population.

Table 3: Data from the first 10 days after randomisation in 277 patients with established moderate-to-severe ARDS
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ventilation could benefit survival. The mechanisms of 
action of dexamethasone are similar to other exogenous 
corticosteroids. In ARDS, down-regulation of pulmonary 
and systemic inflammation is essential to restoring 
homeostasis.28 Prolonged glucocorticoid therapy has 
been associated with substantial improvement in indices 
of alveolar–capillary membrane permeability and 
mediators of inflammation and tissue repair.29 In our 
trial, the efficiency of dexamethasone is supported by the 
fact that the number of ICU deaths from multiple system 
organ failures were half of those in the control group 
(12 [9%] of 139 deaths in the dexamethasone group vs 
23 [17%] of 138 deaths in the control group; p=0·0483; 
appendix p 14), in line with a reduction of SOFA score in 
the dexamethasone group. Of note, the presence of two 
patients in the control group (figure 1) who received 
corticosteroids and survived for having a non-resolving 
ARDS due to a corticosteroid-sensitive lung pathology,30 
represents a bias against the dexamethasone group 
in the intention-to-treat analysis. The observed overall 
mortality in the control group was lower than the 
mortality figure used for estimating the sample size of 
the trial. It is plausible that the avoidance of high tidal 
volume and high plateau pressures and the use of 
moderate-to-high PEEP could explain, in part, some of 
the discrepancy between the expected mortality of 48% 
and the observed mortality of 36%.

Corticosteroids are the most broadly used medications 
in ARDS since its first clinical description.31,32 Despite the 
guidelines by the 2017 Corticosteroid Task Force of the 
Society of Critical Care Medicine and the European Society 
of Intensive Care Medicine,9 corticosteroid therapy is not 
widely accepted because most trials were small and done 
before the implementation of lung-protective mechanical 
ventilation, and a large confirmatory randomised con
trolled trial in early ARDS was missing. However, 
corticosteroids are also recommended for patients with 
pneumonia,33 meningitis,34 and septic shock,9 all of which 
are causes of ARDS. In our trial, more than 75% of 
patients had ARDS associated with pneumonia or sepsis. 
There are substantial differences between our study and 
other randomised controlled trials evaluating cortico
steroids in ARDS. First, trials published before 2005 tested 
the use of corticosteroids in patients under non-protective 
mechanical ventilation.9 Second, none of previous 
randomised controlled trials used the same timing, 
dosage, and type of corticosteroids. Our therapeutic 
regime is dose-equivalent to that by Meduri and colleagues8 
with methylprednisolone in early ARDS. Third, none of 
previous trials evaluated the efficacy of dexamethasone in 
ARDS. Fourth, none of the randomised controlled trials 
with more than 60 patients with ARDS were associated 
with a significant reduction in hospital mortality.9,35

The main adverse effect of corticosteroid therapy 
seems to be hyperglycaemia. However, with the dose and 
period of treatment used in this trial, the occurrence of 
dexamethasone-induced hyperglycaemia was similar to 

the prevalence of hyperglycaemia in the acute phases of 
critical illness,36 as observed in the control group of 
our trial.

This study has several strengths. First, it is the largest 
randomised controlled trial done to date testing the 
efficacy of corticosteroids in moderate-to-severe ARDS 
patients ventilated with lung-protective mechanical 
ventilation. Our trial enrolled 277 patients with 
established moderate-to-severe ARDS from 17 hospitals 
(although only 12 of those hospitals remained active) 
during a 70-month period. By contrast, Steinberg and 
colleagues6 enrolled 180 patients with persistent ARDS 
from 25 hospitals during a 76-month period. Second, 
because we used dexamethasone, which has a long 
biological half-life of 36–54 h,37 the pharmacological 
effects can be expected from day 1 to day 12 and beyond 
during a 10-day treatment regimen.10 Third, patients in 
our trial were different from those in other trials because 
of the inclusion criteria we used, the etiology of ARDS, 
the time for enrollment, and our ventilatory 
management.5–8 None of the trials consistently reassessed 
patients on standardised ventilatory settings after 24 h of 
routine ICU treatment to ensure that only patients with 
established ARDS were randomised. Our assessment at 
24 h was a prognostic enrichment strategy13,18 that allowed 
selection of high-risk patients for enrolment and reduced 
the sample size needed to examine mortality as an 
outcome. Failure to initiate repair of tissue damage at 
24–48 h of ARDS could result in self-perpetuating 
inflammation with subsequent loss of organ function 
and a higher number of deaths.38

We acknowledge several limitations of our study. First, 
the results cannot be generalised to all patients with 
ARDS. Regardless of the number of patients enrolled in a 
randomised controlled trial, the enrolled number 
represents only a small proportion of patients requiring 
treatment. The strict inclusion and exclusion criteria 
exclude the very patients whom clinicians are obligated to 
treat. We enrolled 27% of eligible patients and excluded 
patients with major pre-existing comorbidities. As part of 
our protocol, we excluded patients with corticosteroid-
sensitive pathologies who would be expected to have a 
higher likelihood of benefiting from steroids. Second, we 
acknowledge that variability in the way in which patients 
were treated in participating centres could add some 
uncertainty to the results. However, because the patients 
assigned to dexamethasone also received the same 
protocol care as the control group, we believe that we 
have minimised many potential sources of bias: selection 
bias (there were no differences between baseline 
characteristics of the groups that are compared); 
performance bias (there were no systematic differences 
between groups in the reported care that was provided); 
detection bias (there were no systematic differences 
between groups in how outcomes were determined); 
attrition bias (there were no reported systematic differ
ences between groups in withdrawals from the study), and 
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reporting bias (there were no systematic di�erences 
between reported and unreported �ndings). Third, 
although any care e�ect would be di�cult to estimate 
separately from the general protocol e�ect, we do not 
think that in our trial there were changes in patient or 
clinician behaviour as a result of being involved in the 
trial. The Declaration of Helsinki demands that clinicians 
do their best for each individual patient in their care. 
Fourth, enrolment into the trial was stopped after 88% of 
the calculated sample size was achieved. Our data and the 
safety monitoring board provided advice to stop the trial 
(appendix p 13). The number of individuals we enrolled 
dropped sharply after 2017. Although there are possible 
reasons that could explain this low enrolment scenario 
(appendix p 17), none of the speculations support any 
intentionality in selecting patients in our trial. Although 
our trial did not reach the �nal planned size of 314 patients, 
we are well aware that in many circumstances randomised 
controlled trials of critical illnesses have been stopped 
early after an interim analysis showed that the results 
touched the bene�cial boundaries, despite the trial not 
reaching the planned population size.2,26,39 Fifth, we cannot 
conclude whether administration of dexamethasone for a 
longer period of time or at a di�erent dosage would have 
di�erent e�ects. However, in other positive randomised 
controlled trials of dexamethasone to treat other illnesses, 
patients were given lower doses for shorter periods.10,34 
Last, although the absence of masking could have 
in�uenced short-term assessment of dexamethasone 
e�ects, the risk of bias is low because the statistical 
analysis and long-term endpoint (60-days) assessment 
were masked collectively to study arm and to participating 
hospitals. There is a long history of unmasked randomised 
controlled trials that evaluate di�erent drugs in several 
disease processes,40–43 including the ROSE trial in patients 
with moderate-to-severe ARDS.16 Paradoxically, all 
randomised controlled trials evaluating the e�ectiveness 
of procedural interventions in ARDS have been 
unmasked.15,44–47 Of note, the only two randomised 
controlled trials in ARDS reporting survival bene�ts were 
unmasked.2,15 Procedural interventions are delivered by 
physicians who need to develop technical pro�ciency, a 
process that occurs over time; therefore, insu�cient 
experience in complex techniques is associated with a 
high number of severe complications.48 By contrast, most 
ICU drugs (such as dexamethasone) have no such 
learning curves and are administered by ICU nurses and 
not by physicians.

In summary, our �ndings suggest that the early 
administration of dexamethasone could reduce duration 
of mechanical ventilation and overall mortality in 
patients with established moderate-to-severe ARDS.
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