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ABSTRACT

Objective To systematically review the efficacy of steroids
in the prevention of acute respiratory distress syndrome
(ARDS) in criticallyill adults, and treatment for established
ARDS.

Data sources Search of randomised controlled trials
(1966-April 2007) of PubMed, Cochrane central register of
controlled trials, Cochrane database of systematic
reviews, American College of Physicians Journal Club,
health technology assessment database, and database of
abstracts of reviews of effects.

Data extraction Two investigators independently
assessed trials for inclusion and extracted data into
standardised forms; differences were resolved by
consensus.

Data synthesis Steroid efficacy was assessed through a
Bayesian hierarchical model for comparing the odds of
developing ARDS and mortality (both expressed as odds
ratio with 95% credible interval) and duration of ventilator
free days, assessed as mean difference. Bayesian
outcome probabilities were calculated as the probability
that the odds ratio would be 21 or the probability that the
mean difference would be 20. Nine randomised trials
using variable dose and duration of steroids were
identified. Preventive steroids (four studies) were
associated with a trend to increase both the odds of
patients developing ARDS (odds ratio 1.55, 95% credible
interval 0.58 to 4.05; P(odds ratio 21)=86.6%), and the
risk of mortality in those who subsequently developed
ARDS (three studies, odds ratio 1.52, 95% credible
interval 0.30 to 5.94; P(odds ratio 21)=72.8%). Steroid
administration after onset of ARDS (five studies) was
associated with a trend towards reduction in mortality
(odds ratio 0.62, 95% credible interval 0.23 to 1.26; P
(odds ratio 21)=6.8%). Steroid therapy increased the
number of ventilator free days compared with controls
(three studies, mean difference 4.05 days, 95% credible
interval 0.22 to 8.71; P(mean difference 20)=97.9%).
Steroids were not associated with increase in risk of
infection.

Conclusions A definitive role of corticosteroids in the
treatment of ARDS in adults is not established. A
possibility of reduced mortality and increased ventilator

free days with steroids started afterthe onset of ARDS was
suggested. Preventive steroids possibly increase the
incidence of ARDS in critically ill adults.

INTRODUCTION

The acute respiratory distress syndrome (ARDS) is a
life threatening condition with mortality rates of about
40-60%.'> The pathophysiological basis of acute
respiratory distress syndrome—excessive and pro-
tracted inflammation characterised by increased vas-
cular permeability and extravasation of plasma and
leucocyte infiltration'—is often systemic, resulting in
multiorgan dysfunction and death. Treatment strate-
gies, with the exception of low tidal volume mechanical
ventilation,® have had little impact on outcomes. Since
inflammation is thought to contribute to the pathogen-
esis of ARDS' it is rational to explore modulating
therapies for this inflammation, provided the adverse
effect of such treatment is not excessive. Corticoster-
oids, potent anti-inflammatory agents, and immuno-
modulators, which exert inhibitory effects in several
stages of the inflammatory cascade,* would seem to be a
logical choice for treatment of ARDS. Clinical out-
comes in trials on the role of steroids in ARDS"'** have
varied, however, and two recent systematic overviews
on the efficacy of steroids in ARDS have reached
opposite conclusions: “current evidence does not
support a role for corticosteroids in the management
of ARDS in either the early or late stages . . .”* and
“prolonged glucocorticoid treatment substantially and
significantly improves meaningful patient-centred out-
come variables, and has a distinct survival benefit . . .”¢
Thus the therapeutic status of steroids in ARDS is
unclear. We assessed whether steroids are associated
with mortality benefit in adults with ARDS. We also
determined the effect of steroids on infections and
duration of ventilator free days and the role of steroids
in preventing the development of ARDS in critically ill
adults.

METHODS
We selected randomised controlled trials in critically ill
patients that evaluated steroid treatment compared
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Table 1| Quality scores

Inclusion
and Treatment Cointerven- Extent of
Allocation exclusion Similar protocol tion that follow-up
Randomisa- conceal- criteria baseline at clearly could affect Outcome described
Study tion ment Blinding defined study entry described outcome definition clearly ITT analysis Final score
Weigelt 0* 0 1 1 0 1 1 1 1 0 6
(1985)"¢
Luce 1 0 1 1 0 1 0 1 1 0 6
(1988)"
Bernard 1 0 1 1 1 1 0 1 1 0 7
(1987)"?
Bone 1 0 1 1 1 1 0 1 1 1 8
(1987)"13
Schein 1 0 1 1 1 1 1 1 0 0 7
(1987)""*t
Meduri 1 0 1 1 1 1 1 1 0 1 8
(1988)"?
Steinberg 1 0 1 1 1 1 0 1 1 1 8
(2006)"*
Annane 0* 0 1 1 1 1 0 1 1 0 6
(2006)"*
Meduri 1 0 1 1 0 1 1 0 0 1 6
(2007)"

ITT=intention to treat. Score “0” if not described or inadequate or unclear and “1” if appropriately described.

*Mode of randomisation not stated.

tQuality scores derived from original study by Sprung et al, 1984.%
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with no steroid treatment to reduce the incidence of
ARDS or to improve the outcome from ARDS. Only
trials reporting mortality, incidence of ARDS, or data on
ventilation were included. We excluded studies report-
ing only physiological end points (improvements in gas
exchange), descriptive or retrospective cohort studies,
studies in children, and studies reporting the use of
steroids in fat embolism syndrome. Our search had no
language restrictions. We classified trials into two
groups: preventive steroid treatment in critically ill
patients to decrease the development of ARDS, and
steroid treatment started after the onset of ARDS.

Search strategy and quality assessment

We carried out an electronic search for the period 1966
to April 2007 through Medline, the Cochrane central

Total No of articles screened (n=439)
o No of articles excluded (n=377)
Retrieved for detailed analysis (n=62)
Excluded (n=55):
Reviews, meta-analysis, or editorial (n=23)
Alternate population (shock, pneumonia etc) (n=18)
Physiological end points (n=8)
Paediatric or neonatal (n=3)
Retrospective cohorts (n=3)

Fulfilled criteria for inclusion (n=7)

fo— Studies identified by additional search (n=2)

Studies included in meta-analysis (n=9)

Fig 1| Flow of studies through systematic review

register of controlled trials, the Cochrane database of
systematic reviews, the American College of Physi-
cians Journal Club, the health technology assessment
database, and database of abstracts of reviews of effects.
We restricted the search to studies on adults and used
the search terms “ARDS”, “adult respiratory distress
syndrome”, “acute respiratory distress syndrome”,
“non-cardiogenic pulmonary edema”, “respiratory
insufficiency”, “systemic inflammatory response syn-
drome”, “shock lung”, “respiratory failure”, “lung
injury”, “septic shock”, “sepsis”, AND “steroids”,
“corticosteroids”, “prednisolone”, “methyl predniso-
lone”, “hydrocortisone” AND “randomized controlled
clinical trials”, “controlled trials” and “randomized
trials”. We reviewed the abstracts of trials generated by
the electronic search and retrieved trials pertaining to
steroids in ARDS and sepsis for a more detailed
evaluation. To identify additional trials we examined
review articles, including a Cochrane systematic
review on pharmacological therapies in ARDS.” In
addition three investigators hand searched the Amer-
ican Journal of Respiratory and Critical Care Medicine,
Chest, Critical Care Medicine, European Respiratory
Journal, Lancet, New England Journal of Medicine, Intensive
Care Medicine, and Thorax. The hand search included an
electronic or manual search of the table of contents as
well as abstracts of conference proceedings of the
various societies published in these journals.

Two investigators extracted predefined data from
included studies into standardised data abstraction
forms. Quality assessment of these studies was done
unblinded by three investigators using a 10 point
scoring system (table 1) modified from a previous
meta-analysis.” When differences in scoring existed, a
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Table 2| Main outcome measures evaluated and definition of acute respiratory distress syndrome (ARDS) in included studies

Year of publication/

year of study

Trial completion Main outcomes evaluated Definition of ARDS

Weigelt"?® 1985/1983 ARDS, pulmonary dysfunction; Partial pressure of oxygen <250 mm Hg on 100% oxygen, pulmonary
mortality shunt; »25%, diffuse interstitial oedema on radiographs

Bone!? 1987/1982 Development of ARDS; reversal of  Partial pressure of oxygen <70 mm Hg on 240% oxygen, bilateral lung;
ARDS, mortality infiltrates and pulmonary artery wedge pressure <18 mm Hg

Schein"*® 1987/1982 Complement activation; Diffuse pulmonary infiltrates, Pa0,:FiO, ratio <160; pulmonary artery
complement levels with steroid wedge pressure <15 mm Hg

Luce"* 1988/1986 Development of lung injury; New onset diffuse pulmonary infiltrates, Pa0,/PAO, ratio <0.3, pulmonary
mortality artery wedge pressure <18 mm Hg

Bernard"? 1987/1985 Mortality, oxygenation; changes on Partial pressure of oxygen 70 mm Hg on »40% oxygen, Pa0,/PAO, ratio
radiographs, lung compliance <0.3, bilateral lung infiltrates, pulmonary artery wedge pressure <18 mm

Hg

Meduri*? 1998/1996 Improvement in lung injury score, ~ American-European consensus definition*
mortality

Steinberg"® 2006/2003 60 day mortality, ventilator free American-European consensus definition*
days, days without organ failure

Annane®? 2006/1999 28 day survival distribution; Bilateral infiltrates on radiographs, Pa0,:FiO, ratio <200; pulmonary
mortality, ventilator free days artery wedge pressure <18 mm Hg or no left atrial hypertension

Meduri*4 2007/2002 Improvement in lung injury score at American-European consensus definition*

day 7

*Acute onset symptoms with Pa0,:FiO, ratio <200 mm Hg (regardless of positive end expiratory pressure level), bilateral infiltrates on frontal chest
radiograph, and pulmonary artery wedge pressure <18 mm Hg when measured or no clinical evidence of left atrial hypertension.*?

consensus was reached. Extracted data were reviewed
and verified by two investigators before analysis.

Qutcome measures

The primary outcome was hospital mortality or
survival to hospital discharge. This end point was
difficult to determine, however, as mortality was also
reported at 14 to 60 days after the onset of ARDS. The
hazard ratio would have been the optimum metric for
mortality effect'® but was found to be impractical
because of the variability in reporting. As the hazard
ratio may be approximated from the odds ratio,'" we
chose the odds ratio as an appropriate metric for the
mortality effect. We considered several secondary end
points a priori: year of study completion, ventilator free
days, improvements in lung injury score, incidence of
ARDS in critically ill patients after preventive treat-
ment, and steroid related complications, particularly
new infections, pneumonia, hyperglycaemia, and

Table 3|Baseline characteristics of steroid treatment and non-steroid treatment arms in study
patients

Characteristic No of studies Placebo group Treatment group*
No of patients 9 512 561

Mean (SD) age (years) 8 52.2(10.9) 52.2 (10.6)

No of men:No of women B 7 B 228:222 B 228:254

No (%) of patients with sepsist N 7 - 192 (61.7) N 242 (67.4)
Mean (SD) APACHE Ill scoret 3 N 65.8 (31.9) N 68.6 (34.6)
Lung injury score (SD) at recruitment 3 3.0 (0.54) 3.1(0.47)
Pa0,:FiO, ratio§ (SD) at recruitment N 4 N 120.7 (38.7) N 114.6 (44.8)
No (%) of patients with shock at N 6 224602 245 (58.)

admission

*Received steroids of varying doses.

1Sepsis as cause of acute respiratory distress syndrome.

}Severity of illness using acute physiology and chronic health evaluation score.
§Ratio of partial pressure of oxygen to fractional inspired oxygen.
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neuromuscular dysfunction. Because of selection bias
in trial reporting' assessable secondary end points
were incidence of ARDS in critically ill patients after
preventive treatment with steroids, number of patients
developing new infections or pneumonia, number of
ventilator free days, and year of study completion.

Definitions

ARDS was defined after the 1994 American-European
consensus definition'®; we retrieved earlier studies to
establish consistency with this definition. Secondary
infections were defined generally as a positive culture
from a normally sterile site. As the time span of the
studies was 20 years, we anticipated revisions of the
definitions for secondary infections—for example, the
use of quantitative cultures in more recent years. The
duration of ventilator free days was defined as the
number of days patients were alive and breathing
without assistance during the 28 days after onset of
ARDS, and was presented in the studies as mean
(standard deviation) days.

Statistical analysis

We used Bayesian random effects models'* to assess
the effect of steroids compared with control on
mortality, proportion of patients who developed
ARDS, new infections, and pneumonia, expressed as
odds ratios with 95% credible intervals. These methods
were most appropriate for the binary outcome data
reported since some studies had small sample sizes and
the normality assumptions associated with commonly
used (frequentist) meta-analysis techniques were not
appropriate. Furthermore, Bayesian methods allowed
heterogeneity to be adequately incorporated into the
analysis. We used a model for summary statistics to
assess the overall mean difference (steroid treatment
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Study

Weigelt 1985%1¢
Luce 1988
Bone 198713
Schein 1987"1°
Overall

Estimate of heterogeneity between studies (SD=0.58)

No developing ARDS
/No of patients

Steroid
group
25/39
13/38

50/152

7/29

Placebo 0dds ratio 0Odds ratio
group (95% Crl) (95% Crl)
14/42 —_— 2.36 (1.14 10 6.28)
14/37 — 1.15 (0.44 t0 2.32)
38/152 1.48 (0.93 to 2.34)
2/13 - 1.48 (0.48 to 4.44)

? 1.55 (0.58 0 4.05)
0.1 1

Decrease

10 100
Increase

Fig2| Effect of preventive steroids on proportion of patients developing acute respiratory distress

syndrome (ARDS)

minus placebo) in the number of ventilator free days.
We calculated Bayesian outcome probabilities as the
probability that the odds ratio was 1 or more or the
mean difference was 0 or more. A probability of 50%
suggests a null effect whereas a probability of at least
90% signifies harm for the odds ratio analyses, but
benefit (increase in ventilator free days) for the mean
difference analysis; and a probability of less than 10%
indicates benefit for the odds ratio analyses and harm
(decrease in ventilator free days) for the mean
difference analysis. We also used Bayesian meta
regression'’ to determine the relation between the
odds of mortality and time to treatment in ARDS, total
dose of steroids, and year of study completion. The
slope (B) with 95% credible intervals and the prob-
ability that B was 0 or more are presented. We

presented heterogeneity as the standard deviation
between studies. For all analyses a standard deviation
close to 0 indicates little heterogeneity, whereas for the
odds ratio meta-analyses a standard deviation of more
than 1 might be considered to reflect substantial
heterogeneity. Similarly, for the mean difference
analysis, a standard deviation greater than, for exam-
ple, 10 might be considered to indicate substantial
heterogeneity. Publication bias was not formally
assessed, as the two subgroups each had fewer than 10
studies.'®

We analysed the data with WinBUGS'® using three
simultaneous runs of the program with disparate
starting values. The first 100000 iterations were
discarded and results were reported as posterior
medians and intervals on the basis of a further
100000 iterations. We used various diagnostics avail-
able in the package Bayesian Output Analysis to assess
convergence.”” In all cases we found no evidence
against convergence. We used the same diffuse priors
as described elsewhere!* for the odds ratio models and
the metaregressions. A diffuse or non-informative
prior should not greatly influence the results and
reflects little or no prior belief about a particular
problem. Mathematically diffuse priors aim to have
about equal probability over all plausible values of the
variable. For the mean difference model we placed a
non-informative normal prior distribution with mean 0
and variance 10° on the overall mean difference. A
normal distribution with mean 0 and variance of 13.5
and truncated below 0 was placed on the variable for

Table 4| Study characteristics, quality scores, and mortality data of included studies assessing steroids for prevention and treatment of acute respiratory distress

syndrome (ARDS)

No of patients Mortality
Reference Inclusion and .
(year of study exclusion criteria  Randomisation Mortality Intention to treat  Quality Placebo  Steroid Placebo group Steroid group
completion) specified mode end point analysis* score group group Dead Alive Dead Alive
Weigelt 1985"*¢ Yes Randomisedt NA No 6 42 39 6 8% 11 14%
(1983)
Bone 1987 Yes Computer 14 days Yes 8 152 152 8 30t 26 24t
(1985) generated
Schein 1987"1° Yes Computer Hospital§ No 71 13 29%* NA NA NA NA
(1982) - - generated B B B B B - B B B
Luce 19884 Yes Computer Hospital No 6 37 38 12 21 9 41
(1986) generated
Bernard 1987"? Yes Computer 45 days No 7 49 50 31 18 30 20
(1985) generated
Meduri 1998"2 Yes Computer Hospital Yes 8 8 16 5 3 2 14
(1996) generated
Steinberg 2006"° Yes Computer 60 days Yes 8 91 89 26 65 26 63
(2003) generated
Annane 2006"? Yes Computer Hospital No 6 92 85 67 25 54 31
(1999) generated
Meduri 2007 Yes Computer Hospital Yes 6 28 63 12 16 15 48
(2002) generated

NA=not available. None of the studies reported allocation concealment. All studies reported blinding.

*Specified in text.

tNot clearly specified.

fMortality data for patients developing ARDS only presented for these studies.
§Original publication® presented hospital mortality data, however mortality related to acute respiratory distress syndrome was not available.
fQuality score derived from original publication.®

**Includes patients treated with methylprednisolone or dexamethasone.

page 4 of 10

BM]J | ONLINE FIRST | bmj.com



RESEARCH

No of deaths/
No of patients with ARDS
Study Steroid Placebo 0dds ratio 0dds ratio
group group (95% Crl) (95% Crl)
Weigelt 1985"1¢ 11/25 6/14 e 1.23 (0.37 to0 3.66)
Luce 19881 9/13 12/14 _— 0.93 (0.17 to 3.54)
Bone 1987"13 26/50 8/38 —_— 2.96 (1.25t07.73)
Overall 1.52(0.30 to 5.94)
Estimate of heterogeneity between studies (SD=0.97) 01 1 10 100
Steroids Steroids
beneficial harmful

Fig 3| Subsequent mortality in those who developed acute respiratory distress syndrome

standard deviation between studies.'® Such a distribu-
tion was derived from the notion that the median
difference between any two studies was about four days
and that a difference of more than 11 days would be
extremely unlikely. To determine the influence on the
overall results we also undertook a sensitivity analysis
in which the priors were made even less informative.

RESULTS

Of the 7093 articles screened on ARDS or sepsis, 439
pertained to steroids in either condition. One investi-
gator reviewed the abstracts of these articles and 62
articles were retrieved for further assessment by three
investigators. Fifty five studies were excluded, includ-
ing two controlled retrospective studies (fig 1),"**” a
randomised trial of steroids in severe community
acquired pneumonia,’ and five other prospective
trials identified by an additional search (see bmj.com).
w812 This left nine studies, including two identified by
an additional search. Four studies evaluated the
preventive use of steroids in critically ill patients™'®
w16 and five assessed the role of steroids after the onset of
ARDS." The definitions of ARDS in the studies
done before the publication of the American-European
consensus definition'® were generally consistent with
the consensus definition (table 2). The treatment and
control arms had similar baseline characteristics
(table 3). Table 4 presents a summary of the study

characteristics and quality scores; the lag time from
study completion to publication ranged from two to
seven years. The reporting of mortality was variable.
The steroid dose ranged from methylprednisolone
1 mg/kg/day to 120 mg/kg/day (or equivalent doses of
hydrocortisone or dexamethasone) administered from
four hours to 30 days (table 5).

The credible interval for the preventive use of
steroids in critically ill patients included 1, indicating
that anull effect could not be ruled out. The probability
(odds ratio >1) was 86.6% suggesting some evidence of
an association between steroid therapy and the
subsequent development of ARDS: four studies, odds
ratio 1.55 (95% credible interval 0.58 to 4.05); SD 0.58
for variability between studies (table 6 and fig 2).
Similarly, the probability suggested a weakly increased
risk of death associated with steroid therapy in patients
who developed ARDS: probability (odds ratio >1)
=72.8% (table 6 and fig 3), although again the credible
interval included 1.

In the five therapeutic studies the probability that the
odds ratio was one or more was small indicating that
giving corticosteroids after the onset of ARDS was
associated with a trend (table 6 and fig 4) to reduced
mortality (overall oddsratio 0.62, 95% credible interval
0.23 to 1.26, probability (odds ratio >1)=6.8%),
although the credible interval included 1 so that a
null effect could not be ruled out. Some heterogeneity
was evident between the studies (standard deviation
0.53). Steroid therapy was associated with substantially
more ventilator free days (three studies) compared with
controls (mean difference 4.05 days, 95% credible
interval 0.22 to 8.71, probability (mean difference >0)
=97.9%, SD 2.39). When the effect of moderators (time
or dose of steroid therapy, year of study completion) on
outcomes was explored in the five therapeutic studies,
no evidence was found of an association between odds
of mortality and time to treatment (fig 4) in (log) hours;
B(time)=—0.08 (95% credible interval —1.00 to 0.62),
probability (8>0)=38.7%); total steroid dose; B(dose)
=0.06 (95% credible interval —0.94 to 0.97), probability
(B>0)=57.8%; or year of study completion;

Table 5| Steroid dose, type, duration, and total dose used in adults with acute respiratory distress syndrome (ARDS) in included

studies

Weigelt"'® Methylprednisolone Preventive 3 3 120 48 240
Bone"*? Methylprednisolone Preventive 2 2 120 24 120
Schein"*® Methylprednisolone; Preventive NA 17.5 (5.4) 30-60; 6 4; 4 30-60; 30-601

dexamethasone

Luce"* Methylprednisolone Preventive 1.7 (0.5) 1.1(0.2) 120 24 120
Bernard"? Methylprednisolone Therapeutic 28.9 32.5 120 24 120
Meduri"?  Methylprednisolone  Therapeutic  211.2(28.2)  225.6 (21.6) # 768§ 425§
Steinberg"” Methylprednisolone Therapeutic 271.2 (96) 271.2 (91.2) 2t 7168 408
Annane*? Hydrocortisone Therapeutic NA NA 200 mg/day 1688 59
Meduri** Methylprednisolone Therapeutic B 72 72 11 6728 - 20

NA=not available.

*Whether steroids were given to critically ill patients before onset of ARDS (preventive) or after onset of ARDS (therapeutic).
tCalculated on basis of 0.8 mg of dexamethasone=4 mg of methylprednisolone.

finitial starting dose that was subsequently tapered.
§Calculated values from text.

fiCalculated on basis of weight 70 kg and converted for methylprednisolone.

BM]J | ONLINE FIRST | bmj.com

page 5 of 10



Study

Bernard 1987"?
Meduri 1998"
Steinberg 2006"°
Annane 2006"!
Meduri 2007%
Overall

Estimate of heterogeneity between studies (SD=0.53)

Table 6 | Summary of outcomes in included studies of steroids compared with placebo in prevention and treatment of adults with

acute respiratory distress syndrome (ARDS)

No of patients*

P (odds ratio

Outcome variable No of studies Control group  Steroid group 0dds ratiot (95% Crl) 21) (%) SDt
Mortality:
Therapeutic use 5 268 303 0.62 (0.23 t0 1.26) 6.8 0.53
Preventive use 3 66 88 1.52(0.30t0 5.94) 72.8 0.97
Proportion developing ARDS 4 244 258 1.55 (0.58 to 4.05) 86.6 0.58
New infections§:
Therapeutic use 5 268 303 0.78 (0.41 t0 1.69) 20.9 0.37
Preventive use 2 79 77 1.18 (0.19 t0 5.99) 59.6 0.88
Pneumonia (therapeutic 4 219 253 0.59 (0.14 t0 2.82) 23.1 1.34
use)
Crl=credible interval.
*Number included in analysis.
10dds ratio for steroids versus placebo.
tStandard deviation between studies.
§0nly number of patients with this outcome taken and not number of episodes.
B(completion year)=—0.01 (95% credible interval -0.17 ~ DISCUSSION

to 0.14), probability (8>0)=44.1%.

As anticipated, definitions for secondary infections
varied considerably (table 7). Steroid therapy was not
associated with an increase in the number of patients
developing new infections. Within the four available
therapeutic studies the trend was towards decreased
odds of developing pneumonia (probability (odds
ratio<1)=76.9%, table 6); although heterogeneity was
substantial (SD 1.34, table 6). Metaregression showed a
trend towards an increased number of patients devel-
oping new infections as steroid dose increased; across
sevenstudies (two preventive trials and five therapeutic
trials), p=0.08 (95% credible interval —0.12 to 0.28),
probability (B>0)=81.2%.

Sensitivity analysis was undertaken in which the
prior for the variability between studies was made
increasingly less informative. In all cases the point
estimates remained stable, the credible interval
became wider, and probabilitychanged slightly. This
did not affect any of the interpretations given in the
results except for that of ventilator free days, in which
the credible interval included zero.

No of deaths/
No of patients with ARDS

Steroid Placebo 0dds ratio 0dds ratio
group group (95% Crl) (95% Crl)
30/50 31/49 0.75 (0.41t0 1.57)
2/16 5/8 0.41 (0.06 to 0.99)
26/89 26/91 0.84 (0.49 to 1.60)
54/85 67/92 0.66 (0.381t01.13)
15/63 12/28 0.53 (0.21t0 1.01)

0.62 (0.23 to 1.26)

0.01 0.1 1 10 100

Steroids
beneficial

Steroids
harmful

Fig 4| Effect of therapeutic steroids on mortality in patients with acute respiratory distress

syndrome
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This systematic review failed to show a convincing
treatment effect of steroids in acute respiratory distress
syndrome (ARDS), although trends were found for
treatment. Although preventive steroid therapy in
critically ill patients may have been associated with
detrimental effects on the incidence of ARDS and
subsequent mortality, a trend was found to benefit
when steroids were given after the onset of ARDS; in
particular, areduction in odds of mortality (probability
of reduction 93.2%). The review, however, showed no
discernible time or dose effect of steroids on mortality
with the therapeutic use of steroids. Although steroids
did not increase overall infection risk, a latent dose
dependent effect of steroid therapy on infection rates
seemed to exist.

The seemingly differential effect of preventive and
therapeutic steroid therapy in ARDS, observed in the
current meta-analysis, has been previously suggested,*
but the reasons for this are unclear. Key proinflamma-
tory mediators such as tumour necrosis factor o and
interleukin 1 have been implicated in the pathophy-
siology of sepsis with organ dysfunction, the most
common cause of ARDS.?! In clinical studies, inhibi-
tion of these proinflammatory mediators has not
improved outcome®; indeed, antagonism of tumour
necrosis factor a*® or interleukin 1* increases mortality
in some models of bacterial infection, suggesting a key
role for their expression in survival from infection.
Preventive steroids may not only impede normal
homoeostatic response by inhibiting cytokine
production,® but also contribute to the pathogenesis
of ARDS by stimulating the release of macrophage
migration inhibiting factor, a proinflammatory
cytokine.?® This latter effect remains speculative as
release of macrophage migration inhibiting factor by
glucocorticoids seems to have a biphasic dose
dependency,”*?® and protective effects have also been
described.” In addition the high doses of methylpred-
nisolone given to the preventive group may have
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Fig 5| Association between odds of mortality and time to
starting steroids or placebo

contributed to an increased risk of infection and poorer
outcomes. Steroid therapy after the onset of ARDS
may, however, have a different effect by modifying the
persistent and protracted inflammation that exacer-
bates lung injury.

The implications of time to starting therapeutic
steroids after onset of ARDS are of some importance
and have been highlighted in the recent National
Heart, Lung, and Blood Institute ARDS clinical trials
network report,*” where an interaction between time
and treatment 14 days after the onset of ARDS was
found to be significant. Editorial responses**’ have also
embraced a time-difference of steroid effect; benefits
occurring with steroid therapy if started within two
weeks of ARDS onset and not subsequently. In the

individual trials included in the current meta-analysis,
the start of steroid therapy ranged from within 72
hours™ to four weeks* after ARDS onset. Meta-
regression with initiation time of treatment as a
moderator (fig 5) failed to show any influence on
mortality. Although such a differential steroid time
effect may have biological plausibility, the inter-
pretation of treatment response rates on the basis of
data dependent time cut-off points, albeit defined a
priori, is problematic.®'®* Further definition of the
optimal time to start steroids is required, possibly by
meta-analysis of individual patient data.*

Steroids did not seem to have any adverse effect on
overall infection rates, including pneumonia, but a
trend was found towards increased risk of infection
with increasing steroid dose. The enormous variation
observed in the steroid dosages® was primarily
because studies in the 1980s used high dose (120 mg/
kg/day methylprednisolone) short duration (24-48
hours) steroids as immunomodulatory therapy
whereas prolonged (2-4 weeks) low dose (1 mg/kg/
day methylprednisolone) anti-inflammatory therapy
has been more recently advocated.** Given the
complications of high dose steroids, current use is
limited to specific (acute) immunological diseases, with
little evidence supporting high dose steroids in
ARDS.*

Secondary outcomes such as lung injury score,
incidence of hyperglycaemia, and neuromuscular
dysfunction could not be systematically evaluated
because of publication bias within studies.*> Although
the steroid effect on ventilator free days was favourable,
and possibly could have an impact on hospital stay and

Table 7| Definition of secondary infections in included studies

Year of publication/year of
Trial study completion

Weigelt"'® 1985/1983

Definition of infections

Infections monitored included wound, pulmonary, blood, urinary, and intra-abdominal abscesses.

Purulent wound drainage defined wound infections. Pulmonary infection indicated by increases in

temperature, leucocytosis, and radiological infiltrates

Bone"!? 1987/1985

Schein“!® 1987/1982

Luce"* 1988/1986

Bernard"? 1987/1985

No precise definition in text of infections. However, type and site of secondary infections recorded in both
groups

Defined (blinded to therapy) retrospectively after original study by Sprung etal, 19843: “Superinfection was
defined as an infection, not present orincubating at the time of admission to the study.” No further details
specified

New infections defined as one ormore positive cultures of blood or other normally sterile body fluids seven
days after study entry

Pneumonia diagnosed on basis of history, sputum Gram stain, blood culture, and chest radiograph. Any
infection was defined as new when there was a positive culture from peritoneal fluid, cerebrospinal fluid,
pleural fluid, or circulating blood that grew an organism not suspected of being present in particular body
fluid before patient’s entry into study

Meduri*? 1998/1996

Steinberg"® 2006/2003
Annane"? 2006/1999

Meduri™* 2007/2002

Infection surveillance as described earlier.*® Catheter related infections—growth of 215 colonies on
semiquantitative cultures of subcutaneous portion or tip of catheter. Peritonitis if positive cultures of
peritoneal fluid obtained by paracentesis. Pneumonia—significant growth on quantitative cultures of
bronchoscopic specimens. Primary bacteraemia—positive blood cultures without an identified source.
Sinusitis—computed tomography of sinuses showing air fluid level or opacification and positive cultures
of a maxillary aspirate. Urine culture with 2105 colony forming units/ml for urinary tract infections

Any positive culture of material from a normally sterile site (cerebrospinal fluid, blood, pleural fluid, bile
peritoneal fluid or urine with 2 105 colony forming units/ml.

No precise definition in text of infections. Secondary infections presented in paperinclude catheterrelated
infections, nosocomial pneumonia, urinary tract infection, surgical wound infection, and other infections

Definitions as described for Meduri 1998/1996°
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Corticosteroids as eitherimmunomodulatory or anti-inflammatory agents have potential as
therapy in ARDS

A small number of randomised trials and recent systematic reviews have tackled this theory

WHAT THIS STUDY ADDS

No convincing treatment effect of steroids in ARDS was evident; the optimal dose, timing, and
duration of steroid therapy is not established

Meta-analyses based on a small number of trials with sparse data must be cognisant of
limitations in estimation of treatment effects; Bayesian estimation would seem suitable
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complications, only three studies reported this out-
come, and in the sensitivity analysis the credible
interval included 0 suggesting the possibility of a null
effect. The widening of this interval is not surprising
because combination of so few studies results in greater
uncertainty in the estimate of the standard deviation
between studies and hence wider estimates of the mean
difference. Future analysis using a greater number of
studies would limit this impact.

Strengths and weaknesses of the review

The number of trials in this meta-analysis and the
number of patients randomised to receive steroids
(n=561) was relatively small, compounded by stratifi-
cation into two subgroups; preventive and therapeutic.
Although commentators®** and a formal review® have
considered a randomised trial on steroids in severe
community acquired pneumonia' in conjunction with
other studies of steroids in ARDS, we did not include
this study. In this study, which was stopped early, of the
46 enrolled patients only 23 had multilobar involve-
ment and 34 had a partial pressure of oxygen to
fractional inspired oxygen ratio of <200. Four patients
in the control arm subsequently developed ARDS.
Furthermore, it was unclear from the study as to how
many patients had bilateral disease. The exclusion of
studies on steroid therapy in fat embolism syndrome
was justified on the basis that although this is a distinct
syndrome that may cause ARDS, the latter is poorly
identified in many of these longstanding studies. Fat
embolism syndrome is an uncommon cause of ARDS
in modern practice and its inclusion may have
confounded the interpretation of the effect of steroid
treatment on patient cohorts currently considered.
Although it would have been preferable to undertake
the current meta-analyses adopting the hazard ratio
metric'® given the disparate time end points, only one
of nine studies reported hazard ratios and in the other
studies it was not possible to extract relevant data.

In the metaregression of steroid dose effect, the total
dose of steroids (equivalent to the potential maximum
use of steroids) was used as a moderator variable, as
opposed to the first day dose (table 5), because three of
the five therapeutic trials** gave substantial initial
bolus steroid doses, thus rendering any regression
analysis using the first day dose as problematic. The use
of total dose of steroids, however, fails to adjust

adequately for the occurrence of early deaths in the
treatment arm. One possible solution to these potential
biases would be the use of steroid free days, normalised,
for example, for intended total dose, similar in intent to
ventilator free days.

The meta-analysis of Agarwal et al’ found odds ratios
0f0.57 (95% confidence interval 0.25 to 1.32) in “early”
ARDS and 0.58 (0.22 to 1.53) in “late” ARDS. The
conclusions of this meta-analysis are problematic on
several grounds. Firstly, the authors combined both
observational and randomised trials in their analysis
using the DerSimonian and Laird method of moments
(frequentist) estimator. This is not optimal for sparse
data that may not be normally distributed®; the
method of Warn et al,'* which directly uses binomial
likelihoods is apposite for binary outcome data and
small samples. Combining observational and rando-
mised trials within a meta-analysis is best undertaken
using a hierarchical random effects approach from
within the Bayesian paradigm.'® Secondly, problems
are inherent in grounding analysis on early to late time
data dependent cut-off points. Thirdly, the point
estimate of mortality effect quoted by the authors is
similar to that of the current meta-analysis. Using a
frequentist approach, however, the authors were
unable to ascribe a probability to the treatment effect
and could only conclude a lack of evidence for a
treatment effect on the basis of the 95% confidence
interval spanning the null effect.

The “critical appraisal” of Meduri et al® used fixed
effects estimation of the pooled mortality treatment
effect with the relative risk metric (relative risk 0.76,
95% confidence interval 0.62 to 0.93) and included the
randomised trial’® on steroids in severe community
acquired pneumonia (described as early acute lung
injury), but did not consider an early trial of steroids in
ARDS.*? The principal concern was that of hetero-
geneity and its influence on the pooled mortality
estimate: “the analysis for mortality was limited by the
significant heterogeneity across the five trials . . .”’; and
its “potential sources” identified by “subgroup analysis
based on size of the study . . . timing of initiation of
treatment . . . and duration of treatment.”® Several
concerns are raised by this analysis: the identification of
heterogeneity (at P=0.09) was confounded by aspects of
trial conduct, the use of interim analyses in all five trials
considered," ****' and stopping the study early in
three.*®™*!% As previously discussed,?” stopping a trial
early biases treatment effects in individual trials and the
use of stopping rules may induce artificial heterogene-
ity into overviews of clinical trials and increase the type
I error rate in tests of homogeneity®; the problems
associated with repeated subgroup or empirical ana-
lyses of cut-off points are also well known—an increase
of type I error rates, overestimation of effect at cut-off
point levels, and the conceptual problem of sudden
noticeable changes in effect at the various levels.* This
is particularly important with respect to the analysis of
day 14 time of entry after onset of ARDS in the
National Heart, Lung, and Blood Institute ARDS
clinical network trials network,"”” which although
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defined a priori (one of nine “a priori determined
covariates . . . examined for a treatment interaction”),
had the status of a subgroup effect and was thus
hypothesis generating, not a definitive treatment
recommendation; showing steroid efficacy by empiri-
cal subgroup analyses progressively reduced both total
sample size and event number, such that the third
subgroup analysis (prolonged methylprednisolone
treatment of >1 week’s duration after removing
patients randomised after day 14; figure 3 in Meduri et
al®) had only 75 events. To ensure more reliable and
clinically useful evidence, meta-analyses require
appropriately large numbers of events.*’

Wejudge aspects of the analyses in these two reviews
as problematic and suggest in the context of the limited
number of trials, that a Bayesian perspective is both
apposite and, unlike conventional frequentist random
effects (DerSimonian-Laird) estimation,*' able to
accommodate heterogeneity, and an odds ratio metric
is preferred*?; a strategy of considering methods based
on the random effects model only in the case of
heterogeneity® is “inefficient and can lead to under-
statement of uncertainty about the underlying effect of
interest™*; and in the search for predictors of hetero-
geneity between studies** meta-regression involving all
available studies, not subgroup-analysis, is optimal.

Conclusions

Some evidence exists for the efficacy of steroid use after
the onset of ARDS, without notable side effects such as
new infection. We cannot, however, dismiss a null
effect. Furthermore, we were unable from the included
studies to accurately define the optimal dose, timing,
and duration of steroid therapy. Meta-analyses on the
basis of a small number of trials with sparse data must
be cognisant of limitations in estimation of treatment
effects. Thus editorial advocacy to use steroids in
ARDS** must be tempered with some circumspec-
tion. Definitive treatment recommendations would
seem to depend on further randomised trials or meta-
analysis of individual patient data.
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