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A B S T R A C T

Background

Acute respiratory distress syndrome (ARDS) is a life-threatening condition caused by direct or indirect injury to the lungs. Despite
improvements in clinical management (for example, lung protection strategies), mortality in this patient group is at approximately 40%.
This is an update of a previous version of this review, last published in 2004.

Objectives

To evaluate the eIectiveness of pharmacological agents in adults with ARDS on mortality, mechanical ventilation, and fitness to return
to work at 12 months.

Search methods

We searched CENTRAL, MEDLINE, Embase, and CINAHL on 10 December 2018. We searched clinical trials registers and grey literature, and
handsearched reference lists of included studies and related reviews.

Selection criteria

We included randomized controlled trials (RCTs) comparing pharmacological agents with control (placebo or standard therapy) to treat
adults with established ARDS. We excluded trials of nitric oxide, inhaled prostacyclins, partial liquid ventilation, neuromuscular blocking
agents, fluid and nutritional interventions and medical oxygen. We excluded studies published earlier than 2000, because of changes to
lung protection strategies for people with ARDS since this date.

Data collection and analysis

Two review authors independently assessed studies for inclusion, extracted data, and assessed risks of bias. We assessed the certainty of
evidence with GRADE.

Main results

We included 48 RCTs with 6299 participants who had ARDS; two included only participants with mild ARDS (also called acute lung injury).
Most studies included causes of ARDS that were both direct and indirect injuries. We noted diIerences between studies, for example the
time of administration or the size of dose, and because of unclear reporting we were uncertain whether all studies had used equivalent
lung protection strategies.
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We included five types of agents as the primary comparisons in the review: corticosteroids, surfactants, N-acetylcysteine, statins, and
beta-agonists. We included 15 additional agents (sivelestat, mesenchymal stem cells, ulinastatin, anisodimine, angiotensin-converting
enzyme (ACE) inhibitor, recombinant human ACE2 (palifermin), AP301, granulocyte-macrophage colony stimulating factor (GM-CSF),
levosimendan, prostacyclins, lisofylline, ketaconazole, nitroglycerins, L-2-oxothiazolidine-4-carboxylic acid (OTZ), and penehyclidine
hydrochloride).

We used GRADE to downgrade outcomes for imprecision (because of few studies and few participants), for study limitations (e.g. high risks
of bias) and for inconsistency (e.g. diIerences between study data).

Corticosteroids versus placebo or standard therapy

Corticosteroids may reduce all-cause mortality within three months by 86 per 1000 patients (with as many as 161 fewer to 19 more deaths);
however, the 95% confidence interval (CI) includes the possibility of both increased and reduced deaths (risk ratio (RR) 0.77, 95% CI 0.57 to
1.05; 6 studies, 574 participants; low-certainty evidence). Due to the very low-certainty evidence, we are uncertain whether corticosteroids
make little or no diIerence to late all-cause mortality (later than three months) (RR 0.99, 95% CI 0.64 to 1.52; 1 study, 180 participants),
or to the duration of mechanical ventilation (mean diIerence (MD) −4.30, 95% CI −9.72 to 1.12; 3 studies, 277 participants). We found that
ventilator-free days up to day 28 (VFD) may be improved with corticosteroids (MD 4.09, 95% CI 1.74 to 6.44; 4 studies, 494 participants;
low-certainty evidence). No studies reported adverse events leading to discontinuation of study medication, or fitness to return to work
at 12 months (FTR).

Surfactants versus placebo or standard therapy

We are uncertain whether surfactants make little or no diIerence to early mortality (RR 1.08, 95% CI 0.91 to 1.29; 9 studies, 1338
participants), or whether they reduce late all-cause mortality (RR 1.28, 95% CI 1.01 to 1.61; 1 study, 418 participants). Similarly, we are
uncertain whether surfactants reduce the duration of mechanical ventilation (MD −2.50, 95% CI −4.95 to -0.05; 1 study, 16 participants),
make little or no diIerence to VFD (MD −0.39, 95% CI −2.49 to 1.72; 2 studies, 344 participants), or to adverse events leading to
discontinuation of study medication (RR 0.50, 95% CI 0.17 to 1.44; 2 studies, 88 participants). We are uncertain of these eIects because we
assessed them as very low-certainty. No studies reported FTR.

N-aceytylcysteine versus placebo

We are uncertain whether N-acetylcysteine makes little or no diIerence to early mortality, because we assessed this as very low-certainty
evidence (RR 0.64, 95% CI 0.32 to 1.30; 1 study, 36 participants). No studies reported late all-cause mortality, duration of mechanical
ventilation, VFD, adverse events leading to study drug discontinuation, or FTR.

Statins versus placebo

Statins probably make little or no diIerence to early mortality (RR 0.99, 95% CI 0.78 to 1.26; 3 studies, 1344 participants; moderate-certainty
evidence) or to VFD (MD 0.40, 95% CI −0.71 to 1.52; 3 studies, 1342 participants; moderate-certainty evidence). Statins may make little or
no diIerence to duration of mechanical ventilation (MD 2.70, 95% CI -3.55 to 8.95; 1 study, 60 participants; low-certainty evidence). We
could not include data for adverse events leading to study drug discontinuation in one study because it was unclearly reported. No studies
reported late all-cause mortality or FTR.

Beta-agonists versus placebo control

Beta-agonists probably slightly increase early mortality by 40 per 1000 patients (with as many as 119 more or 25 fewer deaths); however,
the 95% CI includes the possibility of an increase as well as a reduction in mortality (RR 1.14, 95% CI 0.91 to 1.42; 3 studies, 646 participants;
moderate-certainty evidence). Due to the very low-certainty evidence, we are uncertain whether beta-agonists increase VFD (MD −2.20,
95% CI −3.68 to −0.71; 3 studies, 646 participants), or make little or no diIerence to adverse events leading to study drug discontinuation
(one study reported little or no diIerence between groups, and one study reported more events in the beta-agonist group). No studies
reported late all-cause mortality, duration of mechanical ventilation, or FTR.

Authors' conclusions

We found insuIicient evidence to determine with certainty whether corticosteroids, surfactants, N-acetylcysteine, statins, or beta-agonists
were eIective at reducing mortality in people with ARDS, or duration of mechanical ventilation, or increasing ventilator-free days. Three
studies awaiting classification may alter the conclusions of this review. As the potential long-term consequences of ARDS are important to
survivors, future research should incorporate a longer follow-up to measure the impacts on quality of life.

P L A I N   L A N G U A G E   S U M M A R Y

Drugs to treat acute respiratory distress syndrome in adults

We set out to determine, from randomized controlled trials, which drugs improve health outcomes in adults with acute respiratory distress
syndrome (ARDS).
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Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Background

ARDS is a life-threatening condition caused by injury to the lungs, for example from infections such as pneumonia or sepsis, or from trauma.
People with ARDS are cared for in an intensive care unit, and need support with breathing from mechanical ventilation. Many people who
survive ARDS suIer from muscle weakness, fatigue, reduced quality of life aOer hospital discharge, and may not be fit for work 12 months
later. Despite improvements in techniques to manage ARDS, death rates are still very high. Drugs may help to repair damage to the lung
injury, or limit the body's response to the injury (for example, by reducing any excess fluid that may collect around the injured lungs).

Study characteristics

The evidence is current to 10 December 2018. We included 48 studies, of 20 diIerent drug types, involving 6299 people who had ARDS.
Three studies are awaiting classification (because we did not have enough details to assess them), and 18 studies are still ongoing. We
found diIerences between included studies, such as the severity of ARDS, or potential diIerences in clinical management and doses. We
excluded studies published before 2000, in order to only include up-to-date clinical management of people with ARDS (for example, in the
pressure applied during mechanical ventilation). However, we found that many studies did not report these management strategies.

For the main comparisons in this review, we included five types of drugs: corticosteroids, surfactants, N-acetylcysteine, statins, and beta-
agonists. These were compared to placebo or to standard care.

Key results

Although corticosteroids may reduce the number of people who die within the first three months, and beta-agonists probably slightly
increase these early deaths, we found both an increase and a reduction in deaths in our analyses for these drugs. We found no evidence
that surfactants, N-acetylcysteine, or statins made a diIerence to the number of people who died within three months. Only two studies
(one that assessed steroids, and one surfactants) reported deaths later than three months, but evidence for this was uncertain.

We found that statins or steroids may make little or no diIerence to the duration of mechanical ventilation, but we were uncertain about the
evidence for steroids. Similarly, we were uncertain whether surfactants reduced the use of mechanical ventilation. We found that steroids
may improve the number of days that people do not need mechanical ventilation (ventilator-free days up to day 28), but that beta-agonists
may not improve ventilator-free days (although we were uncertain about the evidence for beta-agonists). We found that statins probably
make little or no diIerence to the number of ventilator-free days; this was also the case for surfactants (although, again, we were uncertain
about the evidence for surfactants).

Few studies (and only for surfactants and beta-agonists) reported whether the study drug was stopped because of serious side eIects, and
we were uncertain whether either of these drugs led to such serious side eIects. No studies reported whether people were fit to return
to work 12 months aOer their illness.

Certainty of the evidence

Most of the findings were supported by low- or very low-certainty evidence, although we were moderately confident in the evidence
for some outcomes when statins and beta-agonists were used. For some outcomes we found too few studies with few participants, and
sometimes there were unexplained diIerences between the studies in their findings. These factors reduced our certainty (or confidence)
in our findings. Also, it was not possible to mask some researchers because the study drug was compared to standard therapy (no drug),
which may have biased our findings.

Conclusion

We found insuIicient evidence to determine confidently whether any type of drug was eIective at reducing deaths in people with ARDS,
or reducing the length of time that they needed mechanical ventilation. No studies reported fitness to return to work at 12 months. We
assessed most outcomes to be low or very low certainty, which reduces our confidence in the findings of the review.
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Summary of findings for the main comparison.   Corticosteroids compared to control for adults with acute lung injury and acute respiratory distress
syndrome

Corticosteroids compared to control for adults with acute respiratory distress syndrome

Population: adults with acute respiratory distress syndrome
Setting: intensive care units in: China; Kuwait; Thailand; and USA

Intervention: corticosteroids (methylprednisolone; hydrocortisone; and budesonide
Comparison: control (placebo or standard therapy)

Anticipated absolute effects* (95% CI)Outcomes

Risk with control Risk with corticos-
teroids

Relative ef-
fect
(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationEarly all-cause mortality (≤ 3
months)

Reported at: day 14; day 28; day
60; and in hospital

374 per 1000 288 per 1000
(213 to 393)

RR 0.77
(0.57 to 1.05)

574
(6 studies)

⊕⊕⊝⊝

Lowa

-

Study populationLate all-cause mortality ( > 3
months)

Reported at: 180 days
319 per 1000 315 per 1000

(204 to 484)

RR 0.99
(0.64 to 1.52)

180
(1 study)

⊕⊝⊝⊝

Very lowb

-

Duration of mechanical venti-
lation

Measured in days

In the control group,
mean values range
from 11.6 days to
20.3 days

MD 4.30 days lower
(9.72 days lower to
1.12 days higher)

- 277
(3 studies)

⊕⊝⊝⊝

Very lowc

We did not include 1 addition-
al study (91 participants) in the
analysis because data were re-
ported as median values; study
authors reported a shorter du-
ration of mechanical ventilation
with corticosteroids use

Ventilator-free days up to day
28

In the control group,
mean values range
from 6.8 days to 12.8
days

MD 4.09 days higher
(1.74 higher to 6.44
higher)

- 494
(4 studies)

⊕⊕⊝⊝

Lowd

-

Adverse events - - Not estimable - - No studies reported or measured
this outcome
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Defined as leading to discon-
tinuation of study medication;
or for studies with standard
care control, defined by study
authors as "serious adverse
events"

Fitness to return to work at 12
months

- - Not estimable - - No studies reported or measured
this outcome

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: confidence interval; RR: risk ratio; MD: mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aWe downgraded one level for study limitations (risks of bias were uncertain or high amongst studies), and by one level for imprecision (evidence was from few studies with
few participants).
bWe downgraded by one level for study limitations (we were unable to assess risk of reporting bias because of retrospective clinical trial registration and analysis was completed
post hoc), and by two levels for imprecision (evidence was from one study with few participants).
cWe downgraded by one level for study limitations (risks of bias were uncertain or high amongst studies), by one level for inconsistency (evidence of substantial statistical
heterogeneity) and by one level for imprecision (evidence was from few studies with few participants).
dWe downgraded by one level for imprecision (evidence was from few studies with few participants), and by one level for inconsistency (we noted a wide confidence interval
in the eIect estimate).
 
 

Summary of findings 2.   Surfactants compared to control for adults with acute lung injury and acute respiratory distress syndrome

Surfactants compared to control for adults with acute respiratory distress syndrome

Population: adults with acute respiratory distress syndrome
Setting: intensive care units in: Austria, Belgium; Canada; Cuba; Europe (one multicentre study did not report countries within Europe); Finland; France; Germany; Greece;
Netherlands; Norway; South Africa; Spain; Sweden; UK; USA
Intervention: surfactants (surfacen; HL10; venticute; alveofact; calfactant)
Comparison: control (placebo or standard therapy)

Outcomes Anticipated absolute effects* (95% CI) Relative ef-
fect
(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments
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Risk with con-
trol

Risk with surfactants

Study populationEarly all-cause mortality (≤ 3
months)

Reported at: 28 days; and 90 days.

Time point not reported in 4 studies

284 per 1000 307 per 1000
(259 to 367)

RR 1.08
(0.91 to 1.29)

1338
(9 studies)

⊕⊝⊝⊝

Very lowa

-

Study populationLate all-cause mortality ( > 3
months)

Reported at: 180 days
362 per 1000 463 per 1000

(366 to 583)

RR 1.28
(1.01 to 1.61)

418
(1 study)

⊕⊝⊝⊝

Very lowb

-

Duration of mechanical ventilation

Measured in days

In the control
mean duration
was 8.1 days

MD 2.5 days lower
(4.95 days lower to
0.05 days lower)

- 16
(1 study)

⊕⊝⊝⊝

Very lowc

We did not include 1 addition-
al study (48 participants) in
analysis because values of da-
ta (mean or median) were un-
clear; study authors report-
ed little or no difference be-
tween groups in duration of
mechanical ventilation

Ventilator-free days up to day 28 In the control
group, mean val-
ues range from
11.9 days to 13
days

MD 0.39 days lower
(2.49 days lower to
1.72 days higher)

- 344
(2 studies)

⊕⊝⊝⊝

Very lowd

We did not include 4 addition-
al studies (512 participants)
in analysis because data were
not reported sufficiently; 3
studies reported little or no
difference between groups,
and 1 study reported more
ventilator-free days in the in-
tervention group

Study populationAdverse events

Defined as leading to discontinuation
of study medication; data collected
during study period

216 per

1000

108 per 1000

(37 to 311)

RR 0.50

(0.17 to 1.44)

88

(2 studies)

⊕⊝⊝⊝

Very lowe

-

Fitness to return to work at 12
months

-   Not estimable     No studies reported or mea-
sured this outcome

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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CI: confidence interval; RR: risk ratio; MD: mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by three levels; by two levels for study limitations (studies comparing surfactants with standard therapy were all at high risk of performance bias, and we noted
other risks of bias that were high or unclear amongst studies), and by one level for inconsistency (we noted some diIerences in data between studies and we found too few studies
to explore these diIerences through subgroup analyses).
bWe downgraded by three levels; by two levels for study limitations (study was at high and unclear risks of bias), and by one level for imprecision (evidence was from a single study).
cWe downgraded by three levels; by one level for study limitations (studies were at high risk of performance bias), by one level for inconsistency (we noted diIerences in data
between studies), and by one level for imprecision (evidence was from two studies with few participants).
dWe downgraded by three levels; by two levels for study limitations (studies comparing surfactants with standard therapy were all at high risk of performance bias, and we noted
other risks of bias that were high or unclear amongst studies), and by one level for inconsistency (we noted diIerences in data between studies).
eWe downgraded by three levels; by two levels for study limitations (studies comparing surfactants with standard therapy were at high risk of performance bias, and we noted
other risks of bias that were high or unclear amongst studies), and by one level for imprecision (evidence was from two studies with few participants).
 
 

Summary of findings 3.   N-acetylcysteine compared to control for adults with acute lung injury and acute respiratory distress syndrome

N-acetylcysteine compared to control for adults with acute respiratory distress syndrome

Population: adults with acute respiratory distress syndrome
Setting: intensive care unit in: Italy
Intervention: N-acetylcysteine
Comparison: control (placebo)

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with
control

Risk with N-
acetylcys-
teine

Relative effect
(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationEarly all-cause mortality (≤ 3
months)

Reported at: 30 days
583 per 1000 373 per 1000

(187 to 758)

RR 0.64
(0.32 to 1.30)

36
(1 study)

⊕⊝⊝⊝

Very lowa

-

Late all-cause mortality ( > 3
months

- - Not estimable - - No studies measured or reported this out-
come
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Duration of mechanical ventila-
tion

- - Not estimable - - No studies measured or reported this out-
come

Ventilator-free days up to day
28

- - Not estimable - - No studies measured or reported this out-
come

Adverse events

Defined as leading to discontinu-
ation of study medication

- - Not estimable - - No studies measured or reported this out-
come

Fitness to return to work at 12
months

- - Not estimable - - No studies measured or reported this out-
come

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
 
CI: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by three levels; by one level for study limitations (unblinded study at high risk of performance bias). and by two levels for imprecision (evidence from one study
with few participants).
 
 

Summary of findings 4.   Statins compared to control for adults with acute lung injury and acute respiratory distress syndrome

Statins compared to control for adults with acute respiratory distress syndrome

Population: adults with acute respiratory distress syndrome
Setting: intensive care units in: Northern Ireland; UK; USA
Intervention: statins (simvastatin; and rosuvastatin)
Comparison: control (placebo)

Anticipated absolute effects* (95% CI)Outcomes

Risk with control Risk with statins

Relative ef-
fect
(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments
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Study populationEarly all-cause mortality (≤ 3
months)

Reported at: 60 days; and dur-
ing hospital stay

262 per 1000 259 per 1000
(204 to 330)

RR 0.99
(0.78 to 1.26)

1344
(3 studies)

⊕⊕⊕⊝

Moderatea

-

Late all-cause mortality ( > 3
months

- - Not estimable - - No studies measured or re-
ported this outcome

Duration of mechanical venti-
lation

Measured in days

In the control group,
mean duration was
15.9 days

MD 2.70 days higher
(0.35 days lower to 8.95
days higher)

- 60

(1 study)

⊕⊕⊝⊝

Lowb

-

Ventilator-free days up to day
28

In the control group,
mean values range
from 9.1 days to 15.1
days

MD 0.40 days higher
(0.71 days lower to 1.52
days higher)

- 1342
(3 studies)

⊕⊕⊕⊝

Moderatec

-

Adverse events

Defined as leading to discontin-
uation of study medication

- - Not estimable - - One study measured discon-
tinuation of treatment be-
cause of an adverse event,
but data were not reported by
study authors

Fitness to return to work at 12
months

- - Not estimable - - No studies measured or re-
ported this outcome

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: confidence interval; RR: risk ratio; MD: mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by one level for inconsistency; we noted some diIerences in data between studies and we found too few studies to explore these diIerences through subgroup
analyses.
bWe downgraded by two levels for imprecision; evidence was from one study with few participants.
cWe downgraded by one level for inconsistency; we noted some diIerences in data between studies and we found too few studies to conduct subgroup analyses to explore
these diIerences.
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Summary of findings 5.   Beta-agonist compared to control for adults with acute lung injury and acute respiratory distress syndrome

Beta-agonist compared to control for adults with acute respiratory distress syndrome

Population: adults with acute respiratory distress syndrome
Setting: intensive care units in: UK; and USA
Intervention: beta-agonist (salbutamol; and albuterol)
Comparison: control (placebo)

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with
control

Risk with be-
ta-agonist

Relative ef-
fect
(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationEarly all-cause mortality (≤ 3 months)

Reported at: 28 days; 60 days; and during hos-
pital stay

283 per 1000 323 per 1000
(258 to 402)

RR 1.14
(0.91 to 1.42)

646
(3 studies)

⊕⊕⊕⊝

Moderatea

-

Late all-cause mortality (> 3 months - - - - - No studies measured or report-
ed this outcome

Duration of mechanical ventilation - - Not estimable - - No studies measured or report-
ed this outcome

Ventilator-free days up to day 28 In the control
group, mean
values range
from 5.3 days
to 16.6 days

MD 2.20 days
lower
(3.68 days low-
er to 0.71 days
lower)

- 646
(3 studies)

⊕⊝⊝⊝

Very lowb

-

Adverse events

Defined as leading to discontinuation of study
medication; data collected during study period

- - - 606

(2 studies)

⊕⊝⊝⊝

Very lowc

We did not pool data in 2 stud-
ies because of potential dif-
ferences in types of adverse
events. 1 study reported lit-
tle or no difference between
groups; and 1 study reported
more adverse events when par-
ticipants were given beta-ago-
nists

Fitness to return to work at 12 months - - Not estimable - - No studies measured or report-
ed this outcome
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*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: confidence interval; RR: risk ratio; MD: mean difference

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect

aWe downgraded by one level for imprecision (evidence was from few studies with few participants).
bWe downgraded by three levels; by one level for imprecision (evidence was from few studies with few participants), and by two levels for inconsistency (inspection of data
showed diIerences in direction of eIect between studies which we could not explain).
cWe downgraded by three levels; by one level for imprecision (evidence was from few studies with few participants), and by two levels for inconsistency (inspection of data showed
diIerences in direction of eIect between studies, and a high level of statistical heterogeneity, which may be due caused by diIerences in types of adverse events measured by
study authors).
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B A C K G R O U N D

Description of the condition

Acute respiratory distress syndrome (ARDS), first described in
1967 (Ashbaugh 1967), is characterized by diIuse inflammation
of the lung's alveolar-capillary membrane in response to various
pulmonary and extrapulmonary insults (Ware 2000). These insults
cause pulmonary injury by direct mechanisms (for example, gastric
aspiration, pneumonia, inhalational injury, pulmonary contusion),
or indirect mechanisms (for example, sepsis, trauma, pancreatitis,
multiple transfusions of blood products). An American-European
Consensus Conference (AECC) formulated a widely-cited definition
of ARDS as follows (Bernard 1994):

• an acute onset of hypoxaemia, with a ratio of the partial pressure
of arterial oxygen (PaO2) to the inspired fraction of oxygen (FiO2)

of 200 mmHg or less;

• bilateral infiltrates on a frontal chest radiograph;

• no clinical evidence of leO atrial hypertension or a pulmonary
artery occlusion pressure of 18 mmHg or less in the presence of
a pulmonary artery catheter.

This AECC definition defined acute lung injury (ALI) as a milder
form of lung injury, with a PaO2/FiO2 ratio of 300 mmHg or less,

with ARDS therefore being a subset of ALI. A more recent definition,
known as the Berlin definition, provides a time in which ARDS is
developed, and categorizes severity into mild, moderate or severe
ARDS, thus removing the distinction between ALI and ARDS (ARDS
Definition Task Force 2012). This definition includes the following
criteria:

• within one week of a known clinical insult or new or worsening
respiratory symptoms;

• bilateral opacities, not fully explained by eIusions, lobar or lung
collapse, or nodules;

• respiratory failure not fully explained by cardiac failure or fluid
overload. Objective assessment (e.g. echocardiography) needed
to exclude hydrostatic oedema if no risk factor present;

• mild ARDS: PaO2/FiO2 > 200 mmHg and ≤ 300 mmHg with

positive end-expiratory pressure (PEEP) or continuous positive
airway pressure (CPAP) ≥ 5 cmH2O;

• moderate ARDS: PaO2/FiO2 > 100 mmHg and ≤ 200 mmHg with

PEEP ≥ 5 cmH2O;

• severe ARDS: PaO2/FiO2 ≤ 100 mmHg with PEEP ≥ 5 cmH2O.

An epidemiological study of 50 countries reported the prevalence
of ARDS as 10.4% of all intensive care unit (ICU) admissions, with
mortality estimated to be approximately 40% (Bellani 2016). Almost
all people with ARDS require mechanical ventilation to survive;
all require supplemental oxygen. In addition, survivors have a
prolonged stay in the ICU and demonstrate significant functional
limitations, primarily fatigue and muscle weakness, that reduce
their quality of life aOer hospital discharge; only 50% of survivors
are fit to return to work aOer 12 months (Herridge 2003).

Description of the intervention

Research on therapy for ARDS has focused on both physiological
and pharmacological therapies. Lung protection strategies, using
lower tidal volumes (Guay 2018), have been widely adopted since

the ARDS Network publication (ARDS Network 2000; Petrucci 2013).
Other strategies that have been trialed include high-frequency
oscillatory ventilation (Sud 2016), high versus low PEEP (Santa Cruz
2013), pressure-controlled versus volume-controlled ventilation
(Chacko 2015), recruitment manoeuvres (Hodgson 2016), and use
of prone positioning (Bloomfield 2015).

The pathogenesis of ARDS, extensively reviewed elsewhere
(Luce 1998; Ware 2000), provides multiple potential targets for
pharmacological interventions. Regardless of the inciting insult,
the pathology of ARDS features damage to the alveolar-capillary
membrane, with leakage of protein-rich oedema fluid into alveoli.
Epithelial damage involves the basement membrane and types I
and II cells. Injury reduces the amount and function of surfactant
produced by type II cells. This increases alveolar surface tension,
decreases lung compliance, and causes atelectasis. Endothelial
damage is associated with numerous inflammatory events. These
include neutrophil recruitment, sequestration and activation;
formation of oxygen radicals; activation of the coagulation
system, leading to microvascular thrombosis with platelet-fibrin
thrombi; and recruitment of mesenchymal cells with production of
procollagen (a precursor to fibrosing alveolitis). Within the alveolar
space, the balance between pro-inflammatory (for example,
tumour necrosis factor (TNF) alpha and interleukins (IL) 1,
6, and 8) and anti-inflammatory mediators (for example, IL-1
receptor antagonist and soluble TNF receptor) favours ongoing
inflammation. In summary, initial lung injury is followed by repair,
remodelling, and fibrosing alveolitis.

Interventions in this review are pharmacological agents that aim
to repair specific damage or response to the lung injury. These
agents may be man-made, natural, or endogenous (from within the
body) and include, amongst others: corticosteroids; surfactants; N-
acetylcysteine; statins; and beta-agonists.

How the intervention might work

The diversity of approaches to pharmacological therapy for ARDS
reflects the complex pathophysiology, and each therapy may diIer
in its proposed mechanism of action. Of just some of the possible
pharmacological agents that may be used to treat the symptoms
of ARDS: corticosteroids may provide multiple anti-inflammatory
pathways (Pehora 2017; Polderman 2018); surfactants may restore
the normal mechanical properties of alveoli (surface tension,
alveolar opening) (Spragg 2003); N-acetylcysteine may be used
for its antioxidant properties (Ortolani 2000); statins may reduce
pulmonary and systemic inflammatory responses (HARP-2 2014);
and beta-agonists may reduce pulmonary oedema and improve
alveolar fluid clearance (ALTA 2011).

Why it is important to do this review

Recent guidelines have recommended the use of therapies in
relation to lung protection strategies, fluid management strategies,
neuromuscular blocking agents (Lundstrøm 2017), positive
end-expiratory pressure (PEEP), extra-corporeal membrane
oxygenation (ECMO), extra-corporeal carbon dioxide removal
(ECCOR), and prone positioning (FICM/ICS Guideline Development
Group 2018). This guideline provides a research recommendation
for corticosteroids because of insuIicient evidence; the range of
pharmacological agents in this review are not included in the
guideline. The eIectiveness of pharmacological agents to reduce

Pharmacological agents for adults with acute respiratory distress syndrome (Review)
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mortality or mechanical ventilation is still not established (Nanchal
2018).

This review is an update of a previous version (Adhikari 2004).
Research interest in this condition continues, and we aim to
incorporate new findings for agents included in the previous
version, as well as new agents that were not previously included.
The outcomes in the previous version remain relevant, but this
review includes consideration of the long-term consequences and
includes fitness to return to work aOer 12 months (Herridge
2003). The methods used to assess the certainty of evidence in
Cochrane Reviews has since been updated, and we reflect these
methodological changes and now incorporate a GRADE assessment
and 'Summary of findings' tables for the primary comparisons.

O B J E C T I V E S

To evaluate the eIectiveness of pharmacological agents in adults
with ARDS on mortality, mechanical ventilation, and fitness to
return to work at 12 months.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomized controlled trials (RCTs). We excluded
quasi-randomized trials.

We excluded studies published prior to 2000. We based the decision
to restrict studies by publication date on an important study in
2000 advocating the use of lower tidal volumes in people with
ARDS, which resulted in changes to standard practice in mechanical
ventilation management for these people (ARDS Network 2000).

Types of participants

We included adult participants with ARDS admitted to an ICU.
We used authors' definitions of adult, and included studies
if the mean age of participants was more than 18 years. In
addition, we used authors' definitions of ARDS, and included
participants that were diagnosed according to the AECC criteria,
with a distinction between ALI and ARDS (Bernard 1994), and the
later Berlin definition which includes a distinction between mild,
moderate, and severe ARDS (ARDS Definition Task Force 2012),
or other criteria. We excluded studies in which ARDS (and ALI,
where appropriate) was not reported as a required study inclusion
criterion; we therefore excluded studies in which participants with
ARDS were reported as a subgroup analysis.

Types of interventions

We included pharmacological agents compared to a placebo or
to no therapy for the treatment of established ARDS, including
any pharmacological agent given for the treatment of established
mild ARDS (or ALI) that may prevent the development of ARDS. We
included pharmacological agents that were man-made, natural, or
endogenous (from within the body).

We excluded enteral and intravenous therapies that are either
not considered to be pharmacological by regulatory authorities
(nutritional or herbal interventions) or are combined with
other management strategies (fluid management). We excluded
therapies that have been reviewed in other Cochrane Reviews:

inhaled nitric oxide (Gebistorf 2016); inhaled prostacyclins (Afshari
2017); and partial liquid ventilation (Galvin 2013). We excluded
pharmacological therapies used as part of a strategy of mechanical
ventilation (neuromuscular blocking agents), and medical oxygen.
We excluded studies of activated protein C (APC), which is now a
withdrawn drug.

We excluded any pharmacological therapy started for prophylaxis
of mild ARDS, even when continued in people who subsequently
developed moderate or severe ARDS. We excluded studies directly
comparing two pharmacological therapies without a no-treatment
or placebo control group.

Each type of agent represented a diIerent comparison, and we
separately analysed data for each comparison group. We selected
five primary comparisons in the review.

• Corticosteroids versus control

• Surfactants versus control

• N-acetylcysteine versus control

• Statins versus control

• Beta-agonists versus control

We analysed other types of agents as secondary comparison
groups.

Types of outcome measures

Primary outcomes

• Early all-cause mortality (at or before three months aOer
randomization). We included ICU and hospital mortality in this
outcome.

Secondary outcomes

• Late all-cause mortality (more than three months aOer
randomization).

• Duration of mechanical ventilation (defined as the time from
randomization to extubation, study withdrawal, or death).

• Number of ventilator-free days to day 28 (Schoenfeld 2002).

• Adverse events (defined as those leading to discontinuation of
the study medication). In studies with a no-placebo control arm,
adverse events were defined as those leading to discontinuation
of the study medication, or 'serious adverse events' using study
authors' definitions.

• Fitness to return to work at 12 months.

Search methods for identification of studies

Electronic searches

We identified RCTs through literature searching with systematic
and sensitive search strategies, as outlined in Chapter 6.4 of
theCochrane Handbook of Systematic Reviews of Interventions
(Cochrane Handbook; Higgins 2011). We applied no restrictions
to language or publication status. We searched the following
databases for relevant trials:

• Cochrane Central Register of Controlled Trials (CENTRAL; 2018;
Issue 12);

• MEDLINE (Ovid SP; 1946 to 10 December 2018);

• Embase (Ovid SP; 1974 to 10 December 2018);

• CINAHL (EBSCOhost: 1937 to 10 December 2018).

Pharmacological agents for adults with acute respiratory distress syndrome (Review)
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We developed a subject-specific search strategy in MEDLINE and
other listed databases. We developed the search strategy in
consultation with the Information Specialist for the Cochrane
Emergency and Critical Group. Search strategies can be found in:
Appendix 1; Appendix 2; Appendix 3; Appendix 4.

We scanned the following clinical trials registers for ongoing and
unpublished trials:

• World Health Organization International Clinical Trials Registry
Platform (www.who.int/ictrp/en/) on 18 December 2018);

• ClinicalTrials.gov (www.clinicaltrials.gov) on 10 December 2018.

Searching other resources

We carried out citation searching of identified included studies
published since 2010 in Web of Science on 7 January 2019
(apps.webofknowledge.com). We conducted a search of grey
literature using Opengrey on 7 January 2019 (www.opengrey.eu/).
In addition, we scanned reference lists of relevant systematic
reviews which were recently published (since 2015). We did not
contact content experts to enquire about additional unpublished
trails during the 2019 update.

Data collection and analysis

Two review authors (SL and either MP, CT, or AS) independently
completed data collection on studies written in English or Spanish
before comparing results and reaching consensus. One review
author (SL) completed data collection using the English abstract
for studies written in Chinese; Dr Henry HL Wu completed full data
extraction of the Chinese study reports (Acknowledgements). One
review author (AS) was available to resolve conflicts if required.

Selection of studies

We used reference management soOware to collate the results of
searches and to remove duplicates (Endnote). We used Covidence
2018 soOware to screen results of the search of titles and abstracts
and to identify potentially relevant studies. We sourced the full texts
of all potentially relevant studies and considered whether they met
the inclusion criteria (see Criteria for considering studies for this
review). We reviewed abstracts at this stage, and included them in
the review only if they provided suIicient information and relevant
results that included denominator figures for the intervention and
control groups. We recorded the number of papers retrieved at each
stage and report this information using a PRISMA flow chart. We
reported in the review brief details of closely related but excluded
papers.

Data extraction and management

We used Covidence 2018 soOware to extract data from individual
studies. A basic template for data extraction forms is available
at www.covidence.org. We adapted this template to include the
following information.

• Methods: type of study design; setting; dates of study; funding
sources and study author declarations of interest.

• Participants: number of participants randomized to each group;
baseline characteristics (to include: criteria for ARDS diagnosis;
time since onset of ARDS; PaO2:FiO2 at baseline; risk factors;

Lung Injury Score (LIS) (Murray 1988); and illness severity

scores such as 'Acute Physiology and Chronic Health Evaluation
II' (APACHE II).

• Intervention: details of pharmacological intervention and
control (to include dose, timing and duration of administration),
details of any other treatment. We attempted to collect
data on clinical management of participants during the
study period, which may influence results; we based this
on the current guidelines for the management of ARDS,
which includes information about: lower tidal volumes,
fluid management strategies, neuromuscular blocking agents,
positive end-expiratory pressure (PEEP), extra-corporeal
membrane oxygenation (ECMO), extra-corporeal carbon dioxide
removal (ECCOR), and prone positioning (FICM/ICS Guideline
Development Group 2018).

• Outcomes: all relevant review outcomes as measured
and reported by study authors, including time points of
measurement.

• Outcome data: results of outcome data

We considered the applicability of information from individual
studies and the generalizability of data to our intended study
population (i.e. the potential for indirectness in our review). If we
found associated publications from the same study, we created a
composite data set based on all eligible publications.

Assessment of risk of bias in included studies

Two review authors (SL and either MP or CT) independently
assessed study quality, study limitations, and the extent of
potential bias by using the Cochrane 'Risk of bias' tool (Higgins
2017). We assessed the following domains.

• Sequence generation (selection bias);

• Allocation concealment (selection bias);

• Blinding of participants, personnel, and outcome assessors
(performance and detection bias);

• Incomplete outcome data (attrition bias);

• Selective outcome reporting (reporting bias);

• Other potential risks of bias.

In addition, we assessed comparability of baseline characteristics
between study groups, as characteristics such as illness severity
may influence response to treatment. For each domain, we judged
whether study authors had made suIicient attempts to minimize
bias in their study design. We made judgements using three
measures: high; low; and unclear risk of bias. We recorded this
judgement in 'Risk of bias' tables and present a summary 'Risk of
bias' figure (see Figure 2).

Measures of treatment e8ect

We collected dichotomous data for mortality outcomes, adverse
events, and fitness to return to work. We collected continuous data
for duration of mechanical ventilation, and number of ventilator-
free days up to day 28. We reported dichotomous data as risk ratios
(RRs) to compare groups, and continuous data as mean diIerences
(MDs). We reported 95% confidence intervals (CI).

Unit of analysis issues

We noted studies that had more than one intervention group.
We combined data in intervention groups and compared these
combined data with the control group. We used sensitivity analysis
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to investigate the eIect of combining data from more than one
intervention group in a study.

Dealing with missing data

We considered data to be complete if losses were reported and
explained by study authors, and we combined no incomplete data
in the meta-analysis. We did not contact study authors to clarify
missing information about study characteristics.

Assessment of heterogeneity

We assessed whether evidence of inconsistency was apparent
in our results by considering heterogeneity. We assessed clinical
and methodological heterogeneity by comparing similarities
in our included studies between study designs, participants,
interventions, and outcomes, and used the data collected from
the full-text reports (as stated in Data collection and analysis). We

assessed statistical heterogeneity by calculating the Chi2 text or I2

statistic and judged any heterogeneity above an I2 value or 60% and

a Chi2 P value of 0.05 or less to indicate moderate to substantial
statistical heterogeneity (Higgins 2011).

As well as looking at statistical results, we considered point
estimates and overlap of CIs. If CIs overlap, then results are
more consistent. However, combined studies may show a large
consistent eIect but with significant heterogeneity. We therefore
planned to interpret heterogeneity with caution (Guyatt 2011a).

Assessment of reporting biases

We attempted to source published protocols for each of our
included studies by using clinical trials registers. We compared
published protocols with published study results, to assess the
risk of selective reporting bias. We planned to generate a funnel
plot to assess the risk of publication bias if we identified suIicient
studies reporting on an outcome (i.e. more than 10 studies (Sterne
2017)). An asymmetrical funnel plot may suggest publication of
only positive results (Egger 1997).

Data synthesis

We completed meta-analyses of outcomes for which we had
comparable eIect measures from more than one study for each
comparison group, and when measures of heterogeneity indicated
that pooling of results was appropriate. We did not pool studies
that had a high level of methodological or clinical heterogeneity.
We used the statistical calculator in Review Manager 5 to perform
meta-analysis (Review Manager 2014).

We used the Mantel-Haenszel random-eIects model to account for
potential variability in participant conditions between studies.

We calculated CIs at 95% and used a P value of 0.05 or less to
judge whether a result was statistically significant. We considered
imprecision in the results of analyses by assessing the CI around
an eIect measure; a wide CI would suggest a higher level of
imprecision in our results. A small number of studies may also
reduce precision (Guyatt 2011b).

Subgroup analysis and investigation of heterogeneity

We did not perform subgroup analysis because we found
insuIicient studies in each comparison group (i.e. fewer than 10) to
enable meaningful analysis (Deeks 2017). If we had found suIicient
studies, we planned to perform subgroup analysis as follows:

• severity of ARDS: studies with participants meeting the criteria
for mild ARDS versus studies with participants meeting the
criteria for moderate ARDS; or studies with participants meeting
the criteria for moderate ARDS versus studies with participants
meeting the criteria for severe ARDS. We used the more
recent Berlin definition of ARDS for these cut-oI points (ARDS
Definition Task Force 2012);

• time since onset of ARDS: early (72 hours or less) versus late
(more than 72 hours).

We reported the information collected for these subgroups for each
primary comparison group.

Sensitivity analysis

Although we had tried to include studies that only used current
guidelines on the clinical management of ARDS by excluding
studies published prior to 2000, we found that studies did not
consistently or suIiciently report clinical management protocols.
The ARDS Network study published in 2000 demonstrated a
reduction in mortality when lower tidal volumes were used (ARDS
Network 2000). Studies in which this strategy was not used may
therefore not be generalizable to current management of people
with ARDS, and we excluded these studies during sensitivity
analysis in order to explore this potential eIect on the results.

We also explored the potential eIect of decisions made as part of
the review process. We performed the following sensitivity analysis
on our primary outcome (early all-cause mortality) in our primary
comparisons in this review.

• We excluded studies in which use of lower tidal volumes was not
reported.

• We excluded studies that we judged at high or unclear risk of
selection bias.

• We excluded studies that we judged to have high risk of attrition
bias because of missing data which were unbalanced between
groups, and unexplained.

• We conducted meta-analysis using the alternative meta-analytic
eIects model (i.e. fixed-eIect).

• In multi-arm studies in which data from more than one
intervention group were combined, we separately included data
for each arm in analysis.

In each sensitivity analysis we compared the eIect estimate with
the main analysis. We reported these eIect estimates only if they
indicated a diIerence in interpretation of the eIect.

Summary of findings' tables and GRADE

One review author (SL) used the GRADE system to assess the
certainty of the body of evidence associated with the following
outcomes (Guyatt 2008):

• early all-cause mortality (at or before three months aOer
randomization);

• late all-cause mortality (more than three months aOer
randomization);

• duration of mechanical ventilation;

• number of ventilator-free days to day 28;

• adverse events;

• fitness to return to work at 12 months.
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The GRADE approach appraises the certainty of a body of evidence
based on the extent to which we can be confident that an estimate
of eIect or association reflects the item being assessed. Evaluation
of the certainty of a body of evidence considers within-study risk
of bias, directness of the evidence, heterogeneity of the data,
precision of the eIect estimates, and risk of publication bias.

We constructed 'Summary of findings' tables using the GRADE
profiler soOware for the following comparisons in this review
(GRADEpro GDT):

• corticosteroids versus control (Summary of findings for the main
comparison);

• surfactants versus control (Summary of findings 2);

• N-acetylcysteine versus control (Summary of findings 3);

• statins versus control (Summary of findings 4);

• beta-agonists versus control (Summary of findings 5).

Because of the broad range of types of pharmacological agents
eligible for inclusion in this review, it was not feasible to produce
a 'Summary of findings' table for each type of agent. Our choice
of comparisons for the 'Summary of findings' tables was based
on agents which are most commonly used and recognized in a
global clinical setting, and followed advice given by the Cochrane
Emergency and Critical Care Group.

R E S U L T S

Description of studies

Results of the search

We screened 12,574 titles and abstracts, which included forward-
and backward-citation searches, clinical trials registers and grey
literature. We sourced 352 full-text reports to assess eligibility
(Figure 1).
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Figure 1.   Flow diagram for searches conducted since publication of the last version of the Review up to 10
December 2018
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Included studies

See Characteristics of included studies. A summary of study
characteristics for the primary comparisons is included in Appendix
5.

We included 48 RCTs (72 publications) with 6299 participants (ALTA
2011; ARDS Network 2002; BALTI 2006; BALTI-2 2013; Barrese-Perez
2015; Chen 2017; Endo 2006; Guoshou 2013; HARP 2011; HARP-2
2014; Huang 2017; Ji 2018; Kadoi 2004; KARE 2017; KARMA 2000;
Kesecioglu 2001; Kesecioglu 2009; Khan 2017; Krenn 2017; Li 2010;
Liu 2012; Liu 2015; Liu 2017; Meduri 2007; Mohamed 2017; Morelli
2006; Morris 2008; Najafi 2009; Ortolani 2000; Paine 2012; Rezk
2013; Ryugo 2006; SAILS 2014; Soltan-Sharifi 2007; Spragg 2002a;
Spragg 2002b; Spragg 2003; START 2018; Steinberg 2006; STRIVE
2004; Tongyoo 2016; Tsangaris 2007; Vincent 2001; Walmrath 2000;
Willson 2015; Wirtz 2017; Zhao 2014; Zheng 2014).

Five studies were conducted by the ARDS Clinical Trials Network
(ALTA 2011; ARDS Network 2002; KARMA 2000; SAILS 2014; Steinberg
2006). if the studies were known by acronyms, we used them for
study names, rather than study author names. We included five
studies for which we could only source the abstract and this limited
the details of study characteristics that we were able to extract
(Kesecioglu 2001; Spragg 2002a; Spragg 2002b; Walmrath 2000;
Wirtz 2017). We sourced the full text of all remaining studies.

Study population

Twenty studies included participants that had ARDS defined by the
AECC (ARDS Network 2002; BALTI 2006; BALTI-2 2013; Barrese-Perez
2015; HARP 2011; Kadoi 2004; KARE 2017; KARMA 2000; Khan 2017;
Krenn 2017; Liu 2012; Liu 2015; Meduri 2007; Paine 2012; Spragg
2003; STRIVE 2004; Tongyoo 2016; Vincent 2001; Willson 2015; Zhao
2014). Only two studies used the more recent Berlin definition
(Mohamed 2017; Zheng 2014). Guoshou 2013 used criteria from the
Society of Critical Care Medicine of Chinese Medicine Association
(SCCMCMA 2006). The remaining studies did not reference the
criteria that they used to define ARDS.

We attempted to diIerentiate the severity of ARDS in the included
studies using the Berlin definition of ARDS (ARDS Definition Task
Force 2012). However, we found it was not possible to do this
precisely for each study because of a lack of detail in study
reports. We used only the measure of PaO2/FiO2 to distinguish

between severities of ARDS, because these data were most
commonly (although not consistently) reported in studies. Two
studies included only participants with mild ARDS (defined by the
study authors as ALI, with a PaO2/FiO2 ≤ 300 mmHg) (Li 2010;

Ryugo 2006). The remaining studies included participants with a
mean PaO2/FiO2 value which was ≤ 200 mmHg but was likely to

include participants that had mild, moderate, and severe ARDS;
we expected from the mean values that most participants had
moderate ARDS.

Most studies included ARDS with a risk factor from both direct and
indirect causes, with pneumonia and sepsis oOen reported as the
most frequent cause. Five studies reported inclusion of participants
with only specific risk factors, which were: trauma (Endo 2006);
heatstroke (Chen 2017); sepsis (Liu 2015; Morelli 2006); systematic
inflammatory response syndrome aOer cardiopulmonary bypass
surgery (Ryugo 2006); blunt chest trauma (Tsangaris 2007).

Although we hoped to extract suIicient data on clinical
management of participants relating to current ICU guidelines on
ARDS (FICM/ICS Guideline Development Group 2018), we found that
this was generally poorly reported in studies. No studies reported
whether practitioners followed all aspects of clinical management
that we had hoped to collect during data extraction (lower tidal
volumes, fluid management strategies, neuromuscular blocking
agents, positive end-expiratory pressure (PEEP), extra-corporeal
membrane oxygenation (ECMO), extra-corporeal carbon dioxide
removal (ECCOR), and prone positioning). We found that 25 studies
reported the use of lower tidal volumes to manage ventilation
(ALTA 2011; ARDS Network 2002; BALTI-2 2013; Chen 2017; HARP-2
2014; KARE 2017; Kesecioglu 2009; Khan 2017; Krenn 2017; Liu
2012; Liu 2015; Liu 2017; Meduri 2007; Mohamed 2017; Morelli 2006;
Paine 2012; SAILS 2014; START 2018; Steinberg 2006; STRIVE 2004;
Tongyoo 2016; Tsangaris 2007; Willson 2015; Zhao 2014; Zheng
2014), with many studies using the ARDS Network low tidal volume
protocol (ARDS Network 2000). However, compliance with this lung
protection strategy was not reported.

Study setting

All studies were conducted in hospital settings; even if not reported,
we expected participants to be recruited in ICUs. Twenty-three were
multicentre studies (ALTA 2011; ARDS Network 2002; BALTI-2 2013;
Chen 2017; HARP-2 2014; KARE 2017; KARMA 2000; Kesecioglu 2001;
Kesecioglu 2009; Khan 2017; Liu 2017; Meduri 2007; Morris 2008;
Ortolani 2000; Paine 2012; SAILS 2014; Spragg 2003; START 2018;
Steinberg 2006; STRIVE 2004; Vincent 2001; Walmrath 2000; Willson
2015). The centre was unclearly reported in four studies (Endo 2006;
Spragg 2002a; Spragg 2002b; Wirtz 2017). The remaining studies
were conducted in a single centre.

Interventions and comparisons

For the primary comparisons, we found:

• seven studies (643 participants) that assessed corticosteroids
which were: hydrocortisone (Liu 2012; Tongyoo 2016);
methylprednisolone (Meduri 2007; Rezk 2013; Steinberg 2006);
or budesonide (Mohamed 2017; Zhao 2014). One study used
standard therapy in the control group (Zhao 2014); the
remaining studies were compared with a placebo or control
agent;

• nine studies (1340 participants) compared surfactants with
either a placebo (Willson 2015), or standard therapy (Barrese-
Perez 2015; Kesecioglu 2001; Kesecioglu 2009; Spragg 2002a;
Spragg 2002b; Spragg 2003; Tsangaris 2007; Walmrath 2000).
Spragg 2003 was a three-arm study which compared a high dose
and a low dose of surfactant with a placebo;

• three studies (86 participants) compared N-acetylsysteine with
either standard therapy (Najafi 2009; Soltan-Sharifi 2007), or a
placebo (Ortolani 2000). Ortolani 2000 was a three-arm study
that included a N-acetylcysteine group and a N-acetylcysteine
with rutin group;

• three studies (1345 participants) compared statins with a
placebo (HARP 2011; HARP-2 2014; SAILS 2014);

• three studies (648 participants) compared a beta-agonist with a
placebo (ALTA 2011; BALTI 2006; BALTI-2 2013).

For the secondary comparison of other pharmacological agents, we
found:

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

18



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• four studies (556 participants) compared sivelestat (Endo 2006;
Kadoi 2004; Ryugo 2006; STRIVE 2004). Endo 2006 did not report
any information on the control group such as whether a placebo
or standard treatment was used as a comparison; the remaining
studies compared the agent with a placebo control;

• two studies (75 participants) compared mesenchymal stem
cells, which were: allogeneic adipose-derived (Zheng 2014); and
allogeneic bone marrow-derived (START 2018);

• two studies (110 participants) compared ulinastatin with
standard therapy (Chen 2017; Ji 2018);

• one study (50 participants) compared anisodimine with
standard therapy (Guoshou 2013);

• one study (61 participants) compared ACE inhibitor (Enalaprilat)
with a placebo control (Wirtz 2017);

• one study (39 participants) compared recombinant human
angiotensin-converting enzyme 2 (rhACE2) with a placebo
control (Khan 2017);

• one study (60 participants) compared recombinant human
keratinocyte growth factor (KGF) (Palifermin) with a placebo
control (KARE 2017)

• one study (132 participants) compared recombinant human
granulocyte-macrophage colony stimulating factor (GM-CSF)
with a placebo control (Paine 2012);

• one study (40 participants) compared AP301 with a placebo
control (Krenn 2017);

• one study (35 participants) compared levosimendan with a
placebo control (Morelli 2006);

• two studies (167 participants) compared prostacyclins given
intravenously: liposomal prostaglandin-E1 (PGE1) with a

placebo (Vincent 2001), and alprostadil with standard care (Liu
2017);

• one study (235 participants) compared lisofylline with a placebo
control (ARDS Network 2002);

• one study (234 participants) compared ketaconazole with a
placebo control (KARMA 2000);

• two studies (205 participants) compared nitroglycerin with
standard care (Huang 2017; Liu 2015). In Huang 2017,
nitroglycerin was given alongside propofol administration;

• one study (215 participants) compared L-2-oxothiazolidine-4-
carboxylic acid (OTZ) with a placebo (Morris 2008);

• one study (45 participants) compared penehyclidine
hydrochloride with standard therapy (Li 2010).

Outcomes

Five studies reported no outcomes relevant to the review (Li 2010;
Mohamed 2017; Morelli 2006; Najafi 2009; Soltan-Sharifi 2007).

Of the remaining studies, only three studies did not report data
for early mortality (Huang 2017; Ji 2018; Ryugo 2006). Five studies
reported data for late mortality (KARE 2017; Kesecioglu 2009; Paine
2012; Steinberg 2006; STRIVE 2004). Nineteen studies reported
duration of mechanical ventilation (Barrese-Perez 2015; Chen 2017;
Endo 2006; Guoshou 2013; HARP 2011; Huang 2017; Ji 2018; Kadoi
2004; KARE 2017; Liu 2015; Liu 2017; Meduri 2007; Paine 2012; Rezk
2013; Ryugo 2006; Tongyoo 2016; Tsangaris 2007; Vincent 2001;
Zhao 2014). Twenty-six studies reported ventilator-free days up
to day 28 (ALTA 2011; ARDS Network 2002; BALTI 2006; BALTI-2
2013; HARP 2011; HARP-2 2014; KARE 2017; KARMA 2000; Kesecioglu
2001; Krenn 2017; Liu 2012; Meduri 2007; Morris 2008; Paine 2012;

SAILS 2014; Spragg 2002a; Spragg 2002b; Spragg 2003; START
2018; Steinberg 2006; STRIVE 2004; Tongyoo 2016; Walmrath 2000;
Willson 2015; Wirtz 2017; Zheng 2014). Nine studies reported
adverse events that led to the discontinuation of study medication
(ALTA 2011; ARDS Network 2002; BALTI-2 2013; Barrese-Perez 2015;
Guoshou 2013; HARP-2 2014; KARMA 2000; Morris 2008; Spragg
2003). We found no studies reporting the long-term outcome of
fitness to return to work at 12 months.

Funding sources

Eight studies were funded by pharmaceutical companies
(Kesecioglu 2001; Kesecioglu 2009; Khan 2017; Krenn 2017; Morris
2008; STRIVE 2004; Walmrath 2000; Willson 2015), or by combined
funding that included pharmaceutical funding (KARE 2017; Paine
2012; SAILS 2014; Spragg 2003). Of these studies, we noted the
involvement of the funders in the study design, implementation,
and interpretation of the results in four studies (Kesecioglu 2009;
Khan 2017; STRIVE 2004; Willson 2015).

Early stopping

Thirteen studies were stopped early (ALTA 2011; ARDS Network
2002; BALTI-2 2013; HARP-2 2014; Kesecioglu 2009; Khan 2017;
Morris 2008; Paine 2012; SAILS 2014; STRIVE 2004; Vincent 2001;
Willson 2015; Wirtz 2017). Of these, only three studies did not
report whether the decision to terminate the trial was made by
an independent monitoring board (Khan 2017; Morris 2008; Wirtz
2017). The decision in one study was made by the investigators,
who were employees of the funders (Willson 2015). We reported
reasons for early stopping in Characteristics of included studies.

Excluded studies

We excluded 292 articles following review of full-text. We report on
37 studies in the review which we identify as key excluded studies.
A brief description of these studies, and the reason for exclusion, is
reported in Characteristics of excluded studies.

Twenty-three of these studies were in the previous version of
this review (Adhikari 2004); we excluded them because they were
published before 2000 (Abraham 1996; Abraham 1999; Anzueto
1996; Ardizzoia 1993; Bernard 1987; Bernard 1997; Bernard 1999;
Bone 1989; Domenighetti 1997; Gottlieb 1994; Gregory 1997;
HolcroO 1986; Jepsen 1992; Meduri 1998; Reines 1985; Reines 1992;
Rossignon 1990; Shoemaker 1986; Steinberg 1990; Suter 1994;
Tuxen 1987; Weg 1994; Weigelt 1985). In addition, we excluded four
studies which included participants that did not exclusively have
ARDS (Bastin 2010; Bastin 2016; Confalonieri 2005; Presneill 2002),
one study in which the agent was given to prevent rather than to
treat ARDS (Shyamsundar 2010), two studies that assessed an agent
which is now withdrawn from the market (Cornet 2014; Liu 2008),
three studies that assessed a neuromuscular blocking agent (Forel
2006; Gainnier 2004; Papazian 2010), one study that did not have a
control group (Hua 2013), and three studies that were an ineligible
study design (Annane 2006; Markart 2007; Vincent 2009).

Studies awaiting classification

We found three studies awaiting classification (Hegazy 2016;
NCT00879606; RPCEC00000126). Hegazy 2016 assessed the use
of nebivol; this study is published only as an abstract, with
insuIicient information to assess eligibility. During our search
of clinical trials registers, we found two studies that were
completed but for which results have not yet been published;
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these studies assessed recombinant chimeric anti-tissue factor
antibody ALT-83 (NCT00879606), and surfactants (RPCEC00000126).
See Characteristics of studies awaiting classification

Ongoing studies

We found 18 ongoing studies (ACTRN12612000418875;
ACTRN12615000373572; Bellingan 2017; ChiCTR1800014733;
ChiCTR1800014998; EUCTR2012-000775-17; JPRN-
JapicCTI-163320; Villar 2016; NCT02326350; NCT02595060;
NCT02611609; NCT02895191; NCT03017547; NCT03042143;

NCT03202394; NCT03346681; NCT03371498; NCT03608592). Agents
assessed in these trials are: heparin; corticosteroids; mesenchymal
stem cells; Multistem; rhGM-CSF; dexamethasone; aspirin; N-
acetylcysteine; ulinastatin; FP-1201-lyo; MR11A8; IC- 14; and
BIO-11006. Estimated recruitment in these studies is 2068
participants. See Characteristics of ongoing studies.

Risk of bias in included studies

See 'Risk of bias' summary (Figure 2).

 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

20



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for included studies in
which outcome data is reported. Blank spaces in tables indicate that study authors did not report review outcomes.
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Figure 2.   (Continued)
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We did not complete 'Risk of bias' assessments for studies in which
no review outcomes were reported (Li 2010; Mohamed 2017; Morelli
2006; Najafi 2009; Soltan-Sharifi 2007).

We did not assess risk of detection bias for either mortality or other
outcomes if these were not reported by study authors.

Blank spaces in the 'Risk of bias' figure indicate that we did not
conduct 'Risk of bias' assessments.

Allocation

We judged 23 studies to have low risk of selection bias for sequence
generation, because study authors reported suIicient methods
for randomization (ALTA 2011; ARDS Network 2002; BALTI-2 2013;
Barrese-Perez 2015; Chen 2017; HARP 2011; HARP-2 2014; Ji 2018;
Kadoi 2004; KARE 2017; KARMA 2000; Kesecioglu 2009; Krenn
2017; Liu 2015; Meduri 2007; Paine 2012; SAILS 2014; START
2018; Steinberg 2006; STRIVE 2004; Tongyoo 2016; Tsangaris 2007;
Willson 2015). One study did not report suIicient methods for
randomization; because we noted an unexplained uneven number
of participants in each group, we judged this study to have high risk
of selection bias for sequence generation (Rezk 2013). We judged
one study to have high risk of selection bias because of methods
used to randomize participants to groups using folded-up paper
(Huang 2017). Remaining studies reported insuIicient methods of
sequence generation, and we judged these to be at an unclear risk
of bias.

We judged 15 studies to have low risk of bias for allocation
concealment, because study authors reported suIicient methods
for this judgement (ALTA 2011; ARDS Network 2002; BALTI 2006;
BALTI-2 2013; HARP 2011; HARP-2 2014; KARE 2017; KARMA 2000;
Kesecioglu 2009; Krenn 2017; Meduri 2007; Paine 2012; START
2018; STRIVE 2004; Tongyoo 2016). In Huang 2017, we judged
that allocation could not be eIectively concealed and we judged
this study to have a high risk of bias. Remaining studies reported
insuIicient details, and we judged them to be at an unclear risk of
bias.

Blinding

We judged all studies that used standard therapy control, rather
than placebo control, to be at high risk of performance bias
(Barrese-Perez 2015; Chen 2017; Guoshou 2013; Huang 2017; Ji
2018; Kesecioglu 2001; Kesecioglu 2009; Liu 2015; Liu 2017; Spragg
2003; Tsangaris 2007; Walmrath 2000; Zhao 2014). In addition, one
placebo-controlled trial was described as unblinded by the study
authors, and we judged this study to be at risk of performance bias
(Ortolani 2000). Twelve studies reported insuIicient information,
and we judged these to have an unclear risk of performance bias
(ALTA 2011; Endo 2006; Liu 2012; Meduri 2007; Rezk 2013; SAILS
2014; Spragg 2002a; Spragg 2002b; Steinberg 2006; Vincent 2001;
Wirtz 2017; Zheng 2014). We judged the remaining studies to be at
a low risk of performance bias.

For detection bias, we did not expect lack of blinding to influence
outcome assessment of mortality, and we judged all studies
that reported mortality data (including those in which blinding
was not possible) to have low risk of detection bias for this
outcome. However, we judged studies that used standard therapy
control to have a high risk of detection bias for other reported
outcomes (Barrese-Perez 2015; Chen 2017; Guoshou 2013; Ji 2018;
Kesecioglu 2001; Li 2010; Liu 2015; Liu 2017; Najafi 2009; Spragg

2003; Tsangaris 2007; Walmrath 2000; Zhao 2014). We judged one
placebo-controlled study to have a high risk of detection bias. Only
nine studies adequately reported blinding of outcome assessors for
all outcomes, and we judged these studies to have a low risk of
detection bias for other reported outcomes (ARDS Network 2002;
BALTI-2 2013; KARE 2017; KARMA 2000; Khan 2017; Krenn 2017;
Paine 2012; START 2018; Tongyoo 2016). Remaining studies did not
report suIicient information about blinding outcome assessors,
and we judged these studies to have an unclear risk of detection
bias for other reported outcomes.

Incomplete outcome data

We judged 36 studies to have a low risk of attrition bias because
study authors reported no participant losses or few losses (less
than 10%) (ALTA 2011; ARDS Network 2002; BALTI 2006; BALTI-2
2013; Chen 2017; Endo 2006; Guoshou 2013; HARP 2011; HARP-2
2014; Huang 2017; Ji 2018; Kadoi 2004; KARE 2017; KARMA 2000;
Kesecioglu 2001; Krenn 2017; Liu 2012; Liu 2015; Liu 2017; Meduri
2007; Morris 2008; Ortolani 2000; Paine 2012; Rezk 2013; Ryugo
2006; SAILS 2014; Spragg 2002a; Spragg 2002b; Spragg 2003; START
2018; Steinberg 2006; STRIVE 2004; Tongyoo 2016; Tsangaris 2007;
Zhao 2014; Zheng 2014).

We judged five studies to have a high risk of attrition bias; in
one study we were concerned by uneven numbers of participants
who did not complete treatment (Barrese-Perez 2015), and in four
studies we were concerned about the influence of early stopping
on the results (Kesecioglu 2009; Khan 2017; Vincent 2001; Willson
2015).

We could not ascertain loss of participants in two studies reported
as abstracts because of insuIicient information (Walmrath 2000;
Wirtz 2017)

Selective reporting

We found only seven studies with prospective clinical trials
registration and outcome information reported equivalently in the
clinical trials registration documents and the published completed
study report (ALTA 2011; BALTI-2 2013; KARE 2017; Khan 2017; Krenn
2017; SAILS 2014; START 2018).

Three studies were prospectively registered with clinical trials
registers, but we noted discrepancies and could not eIectively
assess risks of reporting bias for these studies (HARP 2011; HARP-2
2014; Paine 2012); we judged these as having unclear risk of bias.

We judged four studies to have a high risk of reporting bias (Morris
2008; Tongyoo 2016; Tsangaris 2007; Willson 2015). Morris 2008
declared that some data were held by the sponsors who had
chosen not to publish the data because of negative results. We
were concerned about discrepancies between the clinical trials
registration documents and the published completed study reports
in Tongyoo 2016 and Willson 2015, In Tsangaris 2007, outcome data
were only reported briefly, and some adverse events listed in the
Methods section of the study report were omitted from the Results
section.

Remaining studies did not report pre-published protocols or report
registration with clinical trials registers, and it was therefore not
feasible to assess risk of reporting bias.
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Baseline characteristics

We noted some diIerences baseline characteristics in five studies,
which we rated at high risk of bias because diIerences in
these characteristics could influence outcome data (BALTI 2006;
HARP-2 2014; KARE 2017; Khan 2017; START 2018). We also noted
diIerences in the baseline characteristics of six studies, and rated
them at unclear risk of bias because we were uncertain whether
these characteristics could influence outcome data (Krenn 2017;
Meduri 2007; Paine 2012; Spragg 2003; STRIVE 2004; Tsangaris
2007).

Seven studies did not provide suIicient information on baseline
characteristics to allow a judgement (Endo 2006; Kesecioglu 2001;
Morris 2008; Spragg 2002a; Spragg 2002b; Walmrath 2000; Wirtz
2017).

We judged the remaining studies to have a low risk of bias because
baseline characteristics were comparable between groups.

Other potential sources of bias

Five studies were abstracts and, because of insuIicient
information, it was not possible to assess whether other risks of
bias were present (Kesecioglu 2001; Spragg 2002a; Spragg 2002b;
Walmrath 2000; Wirtz 2017).

In addition, we judged four studies to have unclear risks of other
bias: two did not report details of standard therapy control (Endo
2006; Guoshou 2013), and two studies excluded a large number
of participants before randomization (Barrese-Perez 2015; Morris
2008).

We noted no other potential sources of bias in the remaining
studies, and judged these to have low risk of bias.

E8ects of interventions

See: Summary of findings for the main comparison
Corticosteroids compared to control for adults with acute lung
injury and acute respiratory distress syndrome; Summary of
findings 2 Surfactants compared to control for adults with acute
lung injury and acute respiratory distress syndrome; Summary
of findings 3 N-acetylcysteine compared to control for adults
with acute lung injury and acute respiratory distress syndrome;
Summary of findings 4 Statins compared to control for adults
with acute lung injury and acute respiratory distress syndrome;
Summary of findings 5 Beta-agonist compared to control for
adults with acute lung injury and acute respiratory distress
syndrome

Corticosteroids versus control

Primary outcome

Early all-cause mortality

Six studies reported early mortality for 574 participants (Liu 2012;
Meduri 2007; Rezk 2013; Steinberg 2006; Tongyoo 2016; Zhao 2014).
We included data collected at the latest time point which was: day
14 (Rezk 2013); day 28 (Liu 2012; Zhao 2014); day 60 (Steinberg 2006;
Tongyoo 2016); and in hospital (Meduri 2007).

Corticosteroids may reduce the number of deaths from any cause
within three months by 86 per 1000 patients (with as many as
161 fewer or 19 more deaths). However, we note that the 95%

confidence interval (CI) includes the possibility of both increased

and reduced deaths (risk ratio (RR) 0.77, 95% CI 0.57 to 1.05; I2

= 27%; low-certainty evidence; Analysis 1.1). We used GRADE to
downgrade the certainty of the evidence by two levels; one level
for study limitations (risks of bias were uncertain or high amongst
studies) and one level for imprecision (evidence was from few
studies with few participants). See Summary of findings for the
main comparison,

Secondary outcomes

Late all-cause mortality

One study with 180 participants reported mortality at 180 days
(Steinberg 2006); this was assessed as a post hoc analysis. We found
no evidence of a diIerence in the number of deaths at 180 days
between corticosteroids and the control group in this study (RR
0.99, 95% CI 0.64 to 1.52; very low-certainty evidence; Table 1). We
used GRADE to downgrade the certainty of the evidence by one level
for study limitations and by two levels for imprecision; we were
unable to assess risk of reporting bias because of retrospective
clinical trial registration and analysis was completed post hoc, with
evidence from one study with few participants. See Summary of
findings for the main comparison.

Duration of mechanical ventilation

Four studies reported duration of mechanical ventilation for
368 participants (Tongyoo 2016; Zhao 2014; Meduri 2007; Rezk
2013). Meduri 2007 reported median values which we could not
combine in analysis; study authors reported a shorter duration of
mechanical ventilation in the corticosteroids group (median 5 days
(interquartile range (IQR) 3 to 8 days) compared to the control group
(median 9.5 days (IQR 6 to 9.5 days): P = 0.002).

In the remaining three studies, we found no evidence of a
diIerence between groups in duration of mechanical ventilation

(MD −4.30 days, 95% CI −9.72 to 1.12; I2 = 93%; 277 participants;
very low-certainty evidence; Analysis 1.2). We note substantial
statistical heterogeneity in this eIect estimate which we could
not explain by methodological or clinical diIerences between the
studies, although we expected that diIerences may not be evident
because of poor reporting. We note that the study with the fewest
participants demonstrated shorter duration of ventilation in the
corticosteroids group and this was not consistent with the data
from the other studies, but this study reported few details and
had a high risk of selection bias. We used GRADE to downgrade
the certainty of the evidence by three levels; one level for study
limitations (risks of bias were uncertain or high amongst studies),
one level for inconsistency (evidence of substantial statistical
heterogeneity) and one level for imprecision (evidence was from
few studies with few participants). See Summary of findings for the
main comparison.

Ventilator-free days up to day 28

Four studies reported the number of ventilator-free days up to
day 28 for 494 participants (Liu 2012; Meduri 2007; Steinberg
2006; Tongyoo 2016). We found that corticosteroids may increase

ventilator-free days (MD 4.09 days, 95% CI 1.74 to 6.44; I2 = 36%;
low-certainty evidence; Analysis 1.3). We used GRADE to downgrade
the evidence by one level for imprecision (evidence was from few
studies with few participants) and by one level for inconsistency
(we note a wide confidence interval in the eIect estimate). See
Summary of findings for the main comparison.

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Adverse events

No studies reported adverse events defined as leading to
discontinuation of study medication (or in the standard care group
(Zhao 2014), defined as "serious adverse events").

Fitness to return to work

No studies measured or reported fitness to return to work at 12
months.

Subgroup analysis

We did not perform subgroup analysis on the outcomes because of
insuIicient studies.

• Severity of ARDS: mean values for PaO2/FiO2 suggested

that participants in two studies had moderate to severe
ARDS (Meduri 2007; Steinberg 2006), and in one study had
moderate ARDS (Tongyoo 2016); the remaining studies reported
insuIicient information to assess severity.

• Time since onset of ARDS: one study included participants who
had ARDS that had been established for at least seven days
(Steinberg 2006); the remaining studies had an onset of within 12
hours (Tongyoo 2016), within 48 hours (Rezk 2013), and within 72
hours (Liu 2012; Meduri 2007). This information was not reported
in Zhao 2014.

Sensitivity analysis

• Lower tidal volumes: two studies did not report tidal volumes
(Rezk 2013; Zhao 2014) and we excluded these studies in
analysis of early all-cause mortality, but this did not alter our
interpretation of the eIect. We noted that two studies reported
a change in clinical management during the study period and
that subsequently some participants were managed with higher
tidal volumes (Meduri 2007; Steinberg 2006). We performed an
additional sensitivity analysis and excluded these studies and
those in which tidal volumes were not reported; analysis with
the remaining two studies did not alter our interpretation of the
eIect.

• Selection bias: we excluded one study at high risk of selection
bias for sequence generation (Rezk 2013) and two studies with
an unclear risk of selection bias (Liu 2012; Zhao 2014). This did
not alter our interpretation of the eIect.

• Attrition bias: we judged no studies to have high risk of attrition
bias.

• Alternative meta-analytic eIects model: we found that the
eIect showed a slight reduction in all-cause mortality when we
applied the fixed-eIect model (RR 0.78, 95% CI 0.62 to 0.99).

Surfactants versus control

Primary outcome

Early all-cause mortality

Nine studies reported early mortality for 1338 participants (Barrese-
Perez 2015; Kesecioglu 2001; Kesecioglu 2009; Spragg 2002a;
Spragg 2002b; Spragg 2003; Tsangaris 2007; Walmrath 2000; Willson
2015). One study measured mortality data at 90 days (Willson
2015), and four studies measured mortality at 28 days (Kesecioglu
2001; Kesecioglu 2009; Spragg 2003; Tsangaris 2007). The remaining
studies did not report a time point for data collection and we have
included these data as early mortality.

We could not be certain whether using surfactants aIected early

all-cause mortality (RR 1.08, 95% CI 0.91 to 1.29; I2 = 5%; very low-
certainty evidence; Analysis 2.1). We used GRADE to downgrade
the certainty of the evidence by three levels; two levels for study
limitations (studies comparing surfactants with standard therapy
were all at high risk of performance bias, and we noted other risks
of bias that were high or unclear amongst studies), and one level for
inconsistency (we noted some diIerences in data between studies
and we found too few studies to explore these diIerences through
subgroup analyses). See Summary of findings 2,

Secondary outcomes

Late all-cause mortality

One study reported late all-cause mortality for 418 participants at
180 days (Kesecioglu 2009). We calculated eIect estimates using
the Review Manager 5 calculator (Review Manager 2014); we could
not be certain whether surfactants reduced late all-cause mortality
(RR 1.28, 95% CI 1.01 to 1.61; very low-certainty evidence; Table
1). We used GRADE to downgrade the certainty of the evidence by
three levels: two levels for study limitations (study was at high and
unclear risks of bias), and one level for imprecision (evidence was
from a single study). See Summary of findings 2,

Duration of mechanical ventilation

Two studies reported duration of mechanical ventilation (Barrese-
Perez 2015; Tsangaris 2007). For Tsangaris 2007, we calculated
eIect estimates using the Review Manager 5 calculator (Review
Manager 2014), and found that duration of mechanical ventilation
was shorter for participants who were given surfactants (MD −2.50,
95% CI −4.95 to −0.05; very low-certainty evidence; Table 1). We
could not combine data for Barrese-Perez 2015 in analysis because
it was unclear if data were reported as mean of median values; in
this study, authors reported little or no diIerence between groups
in duration of mechanical ventilation (14 days in the surfactant
group and 16.63 days in the control group: P = 0.36). We used GRADE
to downgrade the certainty of the evidence by three levels; one level
for study limitations (studies were at high risk of performance bias),
one level for inconsistency (we noted diIerences in data between
studies), and one level for imprecision (evidence was from two
studies with few participants). See Summary of findings 2,

Ventilator-free days up to day 28

Six studies reported the number of ventilator-free days up to day 28
for 856 participants (Kesecioglu 2001; Spragg 2002a; Spragg 2002b;
Spragg 2003; Walmrath 2000; Willson 2015). We found little or no
diIerence between participants given surfactants or a control for
this outcome in two studies (Kesecioglu 2001; Willson 2015) (MD

−0.39, 95% CI −2.49 to 1.72; I2 = 0%; 344 participants; very low-
certainty evidence; Analysis 2.2).

We could not combine data for the remaining four studies;
Spragg 2003 reported that diIerences between groups were "not
significant" (high dose surfactant group: median 5 days (IQR 0
to 18) days; low dose surfactant group: median 4 days (IQR 0
to 12 days); control group: median 6 days (IQR 0 to 15 days)),
two studies reported that ventilator-free days were "not diIerent
between the groups" (Spragg 2002a; Spragg 2002b), and Walmrath
2000 reported that ventilator-free days "were improved" in the
intervention group with a mean of 10.9 days compared to the
control group with a mean of 1.8 days. We used GRADE to
downgrade the certainty of the evidence by three levels; two levels
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for study limitations (studies comparing surfactants with standard
therapy were all at high risk of performance bias, and we noted
other risks of bias that were high or unclear amongst studies), and
one level for inconsistency (we noted diIerences in data between
studies). See Summary of findings 2,

Adverse events

Two studies reported adverse events, defined as discontinuation
of study medication (Barrese-Perez 2015; Spragg 2003). We could
not be certain whether surfactants had increased adverse events
leading to discontinuation of study medication (RR 0.50, 95% CI
0.17 to 1.44; 88 participants; very low-certainty evidence; Analysis
2.3). We used GRADE to downgrade the certainty of the evidence
by three levels; two levels for study limitations (studies comparing
surfactants with standard therapy were at high risk of performance
bias, and we noted other risks of bias that were high or unclear
amongst studies), and one level for imprecision (evidence was from
two studies with few participants). See Summary of findings 2,

Fitness to return to work at 12 months

No studies measured or reported fitness to return to work at 12
months.

Subgroup analysis

We did not perform subgroup analysis on the outcomes because of
insuIicient studies.

• Severity of ARDS: mean values for PaO2/FiO2 suggested that

participants in three studies had moderate ARDS (Kesecioglu
2001; Kesecioglu 2009; Spragg 2003), whilst in one study
mean values for PaO2/FiO2 suggested that participants had

moderate to severe ARDS (Tsangaris 2007). Five studies reported
insuIicient information for us to judge severity (Barrese-Perez
2015; Spragg 2002a; Spragg 2002b; Walmrath 2000; Willson
2015).

• Time since onset of ARDS: participants were recruited within 24
hours of onset (Barrese-Perez 2015); within 48 hours of onset
(Spragg 2003; Tsangaris 2007; Willson 2015); and within 60 hours
of onset (Kesecioglu 2009). This information was not reported
in four studies (Kesecioglu 2001; Spragg 2002a; Spragg 2002b;
Walmrath 2000).

Sensitivity analysis

• Lower tidal volumes: only three studies reported use of lower
tidal volumes (Kesecioglu 2009; Tsangaris 2007; Willson 2015);
we excluded the remaining studies from analysis of early all-
cause mortality and this did not alter our interpretation of the
eIect.

• Selection bias: we excluded five studies with unclear risk of
selection bias for sequence generation from analysis of early
all-cause mortality (Kesecioglu 2001; Spragg 2002a; Spragg
2002b; Spragg 2003; Walmrath 2000); this did not alter our
interpretation of the eIect.

• Attrition bias: we excluded three studies that were at high risk
of attrition bias (Barrese-Perez 2015; Kesecioglu 2009; Willson
2015), and one study for which attrition bias was unclear
(Walmrath 2000), from analysis of early all-cause mortality; this
did not alter our interpretation of the eIect.

• Alternative meta-analytic eIects model: using a fixed-eIect
model did not alter our interpretation of the eIect for early all-
cause mortality.

• Multi-arm studies: Spragg 2003 reported data for two
intervention groups (high dose and low dose) and we combined
data from both groups in the primary analysis. In sensitivity
analysis for early all-cause mortality, we used data for the high-
dose group versus control, and data for the low-dose group
versus control. This did not alter our interpretation of the eIect.

N-acetylcysteine versus control

Primary outcome

Early all-cause mortality

Only one study reported early all-cause mortality at 30 days for
36 participants (Ortolani 2000). We calculated eIect estimates
using the Review Manager 5 calculator (Review Manager 2014) and
found no evidence of a diIerence between groups in early all-
cause mortality (RR 0.64, 95% CI 0.32 to 1.30; very low-certainty
evidence; Table 1). We used GRADE to downgrade the certainty of
the evidence by three levels; one level for study limitations because
the study was unblinded and at high risk of performance bias, and
two levels for imprecision because the evidence was from one study
with few participants. See Summary of findings 3.

Secondary outcomes

Late all-cause mortality

No studies measured or reported late all-cause mortality.

Duration of mechanical ventilation

No studies measured or reported duration of mechanical
ventilation.

Ventilator-free days up to day 28

No studies measured or reported the number of ventilator-free days
up to day 28.

Adverse events

No studies reported adverse events defined as leading to
discontinuation of study medication.

Fitness to return to work at 12 months

No studies measured or reported fitness to return to work at 12
months.

Subgroup analysis

We did not perform subgroup analysis on the outcomes because of
insuIicient studies.

• Severity of ARDS: inclusion criteria in this study required that
all participants had PaO2/FiO2 ≤ 200 mmHg (or ≤ 250 mmHg if

positive-end expiratory pressure was at least 10 cmH2O).

• Time of ARDS onset: participants were recruited within 24 hours
of onset.

Sensitivity analysis

This study was a multi-arm study. In a sensitivity analysis, we
analysed data separately for the N-acetylcysteine group and
the N-acetylcysteine-with-rutin group. This did not alter our

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

26



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

interpretation of the eIect. We did not perform other sensitivity
analyses because we included only one study in the primary
analysis. Ortolani 2000 did not report whether they used lower tidal
volumes. This study had an unclear risk of selection bias, and a low
risk of attrition bias.

Statins versus control

Primary outcome

Early all-cause mortality

Three studies reported early all-cause mortality for 1344
participants (HARP 2011; HARP-2 2014; SAILS 2014). Outcomes were
reported at 28 days (HARP-2 2014), at 60 days (SAILS 2014), and
during hospital stay (HARP 2011).

Using statins probably makes little or no diIerence to early all-

cause mortality (RR 0.99, 95% CI 0.78 to 1.26; I2 = 31%; moderate-
certainty evidence; Analysis 3.1). We used GRADE to downgrade
the certainty of the evidence by one level for inconsistency; we
noted some diIerences in data between studies, but found too few
studies to explore these diIerences through subgroup analyses.
See Summary of findings 4,

Secondary outcomes

Late all-cause mortality

No studies measured or reported late all-cause mortality.

Duration of mechanical ventilation

One study reported duration of mechanical ventilation for 60
participants (HARP 2011). We calculated eIect estimates using
the Review Manager 5 calculator (Review Manager 2014), and
found that statins may make little or no diIerence to duration
of ventilation (MD 2.70 days, 95% CI −3.55 to 8.95; low-certainty
evidence; Table 1). We used GRADE to downgrade the certainty
of the evidence by two levels for imprecision; evidence for this
outcome was from one study with few participants. See Summary
of findings 4,

Ventilator-free days up to day 28

Three studies reported the number of ventilator-free days up to
day 28 for 1342 participants (HARP 2011; HARP-2 2014; SAILS 2014).
We found that statins probably make little or no diIerence to the
number of ventilator-free days up to day 28 (MD 0.40 days, 95% CI

−0.71 to 1.52; I2 = 0%; moderate-certainty evidence; Analysis 3.2).
We used GRADE to downgrade the certainty of the evidence by one
level for inconsistency; we noted some diIerences in data between
studies, but found too few studies to conduct subgroup analyses to
explore these diIerences. See Summary of findings 4,

Adverse events

One study reported that "the most common reasons for
discontinuation of the study drug were discharge from critical care,
death, and an adverse event that was considered to be related to
the study drug" (HARP-2 2014). No additional details are provided in
the study report or the online supplementary appendix to indicate
how many participants discontinued study treatment because of
an adverse event. We were therefore unable to report data for this
study.

Fitness to return to work at 12 months

No studies measured or reported fitness to return to work at 12
months.

Subgroup analysis

We did not perform subgroup analysis on the outcomes because of
insuIicient studies.

• Severity of ARDS: mean values for PaO2/FiO2 suggested that

participants in all studies had moderate ARDS.

• Time of ARDS onset: all studies included participants with an
onset of ARDS within 48 hours.

Sensitivity analysis

• Lower tidal volumes: higher mean tidal volumes were reported
in one study (HARP 2011); we excluded this from analysis, which
did not alter our interpretation of the eIect.

• Selection bias: we did not conduct sensitivity analysis on
selection bias because all studies included in the analysis of
early all-cause mortality had a low risk of bias.

• Attrition bias: we did not conduct sensitivity analysis on attrition
bias because all studies included in the analysis of early all-case
mortality had a low risk of bias.

• Alternative meta-analytic eIects model: use of a fixed-eIect
model did not alter our interpretation of the eIect for early all-
cause mortality.

Beta-agonists versus control

Primary outcome

Early all-cause mortality

Three studies reported all-cause mortality for 646 participants
(ALTA 2011; BALTI 2006; BALTI-2 2013). Outcomes were reported at:
60 days (ALTA 2011), 28 days (BALTI 2006), and during hospital stay
(BALTI-2 2013).

Beta-agonists probably slightly increase early all-cause mortality
by 40 per 1000 patients (with as many as 119 more or 25 fewer
deaths); however, the 95% CI includes the possibility of an increase
as well as a reduction in mortality (RR 1.14, 95% CI 0.91 to

1.42; I2 = 0%; moderate-certainty evidence; Analysis 4.1). We used
GRADE to downgrade the certainty of the evidence by one level for
imprecision because we found few studies with few participants.
See Summary of findings 5,

Secondary outcomes

Late all-cause mortality

No studies measured or reported late all-cause mortality.

Duration of mechanical ventilation

No studies measured or reported duration of mechanical
ventilation.

Ventilator-free days up to day 28

Three studies reported the number of ventilator-free days up to
day 28 for 646 participants (ALTA 2011; BALTI 2006; BALTI-2 2013).
Although the results of the analysis showed more ventilator-free
days in the control group, this result was uncertain (MD −2.20, 95%

CI −3.68 to −0.71; I2 = 0%; very low-certainty evidence; Analysis 4.2).
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We used GRADE to downgrade the certainty of the evidence by three
levels; one level for imprecision (evidence was from few studies
with few participants), and two levels for inconsistency (inspection
of data showed diIerences in direction of eIect between studies
which we could not explain). See Summary of findings 5,

Adverse events

Two studies reported adverse events for 606 participants leading
to discontinuation of study medication (ALTA 2011; BALTI-2 2013).
We did not pool data in this analysis because we noted diIerences
in eIects between studies which we expected to be caused by
diIerences in the types of adverse events measured and reported
by study authors. In ALTA 2011, study authors reported little or
no diIerence between groups in adverse events (which were not
described by study authors); we calculated eIect estimates using
the Review Manager 5 calculator (MD 0.73 days, 95% CI 0.25 to 2.13)
(Review Manager 2014). In BALTI-2 2013, adverse events suIicient
to stop treatment were tachycardia, new arrhythmias, and new
lactic acidosis; we calculated eIect estimates using the Review
Manager 5 calculator, which showed an increase in events for
participants who were given beta-agonists (MD 9.52 days, 95% CI
3.89 to 23.31) (Review Manager 2014). These unpooled data are
reported in Analysis 4.3.

We used GRADE to downgrade the evidence by three levels to very
low certainty; one level for imprecision (evidence was from few
studies with few participants), and two levels for inconsistency
(inspection of data showed diIerences in direction of eIect
between studies, and a high level of statistical heterogeneity, which
may have been caused by diIerences in types of adverse events
measured by study authors). See Summary of findings 5.

Fitness to return to work at 12 months

No studies measured or reported fitness to return to work at 12
months.

Subgroup analysis

We did not perform subgroup analysis on the outcomes because of
insuIicient studies.

• Severity of ARDS: mean values for PaO2/FiO2 suggested that

participants in all studies had moderate or moderate-to-severe
ARDS.

• Time of ARDS onset: studies reported onset within 48 hours
(BALTI 2006), and within 72 hours (BALTI-2 2013). Time of onset
was not reported in ALTA 2011.

Sensitivity analysis

• Lower tidal volumes: only one study did not report use of lower
tidal volumes (BALTI 2006); analysis without this study did not
alter our interpretation of the eIect.

• Selection bias: we excluded one study from analysis of early all-
cause mortality because risk of selection bias was unclear (BALTI
2006); this did not alter our interpretation of the eIect.

• Attrition bias: we did not conduct sensitivity analysis on attrition
bias because all studies included in the analysis of early all-case
mortality had a low risk of bias.

• Alternative meta-analytic eIects model: use of a fixed-eIect
model did not alter our interpretation of the eIect for early all-
cause mortality.

Other pharmacological agents versus control

Primary outcome

Early all-cause mortality

We calculated eIect estimates using the Review Manager 5
calculator (Review Manager 2014) for early all-cause mortality
reported in the remaining studies of pharmacological agents
in which early all-cause mortality was measured and reported
(Analysis 5.1).

• ACE inhibitor (Wirtz 2017): we found little or no diIerence
between groups in early all-cause mortality (RR 1.17, 95% CI 0.45
to 3.05; 58 participants)

• rhACE2 (Khan 2017): we found little or no diIerence between
groups in early all-cause mortality (RR 0.70, 95% CI 0.23 to 2.10;
39 participants)

• Palifermin (KARE 2017): we found more deaths in the Palifermin
group (RR 2.78, 95% CI 1.13 to 6.83; 60 participants); study
authors noted that mortality in the placebo group (< 10%) was
lower than expected

• AP301 (Krenn 2017): we found little or no diIerence between
groups in early all-cause mortality (RR 1.50, 95% CI 0.50 to 4.52;
40 participants)

• Prostacyclins (Liu 2017; Vincent 2001): we found little or no
diIerence between groups in early all-cause mortality (RR 0.83,

95% CI 0.46 to 1.52; I2 = 0%; 167 participants)

• Lisofylline (ARDS Network 2002): we found little or no diIerence
between groups in early all-cause mortality (RR 1.31, 95% CI 0.87
to 1.98; 235 participants)

• Ketaconazole (KARMA 2000): we found little or no diIerence
between groups in early all-cause mortality (RR 1.02, 95% CI 0.72
to 1.46; 234 participants)

• GM-CSF (Paine 2012): we found little or no diIerence between
groups in early all-cause mortality (RR 0.76, 95% CI 0.38 to 1.52;
130 participants)

• Mensenchymal stem cells (START 2018; Zheng 2014): we found
little or no diIerence between groups in early all-cause mortality

(RR 1.28, 95% CI 0.58 to 2.85; I2 = 0%; 72 participants; )

• Nitroglycerin (Liu 2015): we found little or no diIerence between
groups in early all-cause mortality (RR 0.57, 95% CI 0.16 to 2.10;
43 participants)

• OTZ (Morris 2008): we found that more participants died in the
OTZ group (RR 1.88, 95% CI 1.12 to 3.16; 215 participants). Study
authors noted that mortality in the intervention group (29%)
was similar or lower than in other trials.

• Sivelestat (Endo 2006; Kadoi 2004; STRIVE 2004): we found little
or no diIerence between groups in early all-cause mortality (RR

1.10, 95% CI 0.73 to 1.67; 529 participants; I2 = 12%)

• Ulinastatin (Chen 2017): we found little or no diIerence between
groups in early all-cause mortality (RR 0.67, 95% CI 0.23 to 1.89;
30 participants)

• Anisodimine (Guoshou 2013): we found little or no diIerence
between groups in early all-cause mortality (RR 1.05, 95% CI 0.45
to 2.47; 50 participants)
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Secondary outcomes

Late all-cause mortality

We calculated eIect estimates using the Review Manager 5
calculator (Review Manager 2014) for late all-cause mortality
reported in the remaining studies of pharmacological agents
(Analysis 5.2).

• Palifermin (KARE 2017): we found fewer deaths from any cause
at one year when participants where given Palifermin (RR 2.00,
95% CI 1.00 to 4.01; 60 participants)

• GM-CSF (Paine 2012): we found little or no diIerence between
groups in all-cause mortality at six months (RR 0.80, 95% CI 0.44
to 1.47; 130 participants)

• Sivelestat (STRIVE 2004): we found fewer deaths from any cause
at 180 days when participants were given sivelestat (RR 1.33,
95% CI 1.04 to 1.68; 470 participants)

Duration of mechanical ventilation

We calculated eIect estimates where possible, using the Review
Manager 5 calculator (Review Manager 2014) for duration of
mechanical ventilation reported in the remaining studies of
pharmacological agents (Analysis 5.3).

• Ulinastatin (Chen 2017; Ji 2018): we could not combine data
from these studies in analysis because the unit of measure
diIered. In Chen 2017, we found little of no diIerence between
studies in the duration of mechanical ventilation (MD −33.82
hours, 95% CI −70.76 to 3.12; 30 participants). However, in Ji
2018, we found that duration of mechanical ventilation was
shorter for participants given ulinastatin (MD −1.70 days, 05% CI
−1.80 to −1.60; 80 participants).

• Anisodimine (Guoshou 2013): we found that duration of
mechanical ventilation was shorter for participants given
anisodimine (MD −2.10 days, 95% CI −3.24 to −0.96; 50
participants).

• Prostacyclins (Liu 2017; Vincent 2001): we could not combine
data from these studies in analysis because values were
reported diIerently. In Liu 2017, we found that duration of
mechanical ventilation was shorter when alprostadil was given
(MD −2.60 days, 95% CI −3.01 to −2.19; 65 participants). In Vincent
2001, we could not calculate eIect estimates for this study
because it was unclear if reported data were mean or median
values; study authors reported little or no diIerence between
groups in duration of mechanical ventilation (intervention
group 16 days, control group 16.6 days: P = 0.94).

• Palifermin (KARE 2017): we could not calculate eIect estimates
for this study because data were reported as median values;
study authors reported a shorter duration of mechanical
ventilation in the intervention group (median (IQR) 6 days (13 to
30 days)) compared to the control group (median (IQR) 11 days
(8 to 16 days): P = 0.002).

• Nitroglycerin (Huang 2017; Liu 2015): we could not combine data
from these studies in analysis because values were reported
diIerently. In Huang 2017, data were reported in a graph which
we could not clearly interpret; study authors reported shorter
duration of ventilation in the intervention group (P < 0.05). In Liu
2015, we found a shorter duration of mechanical ventilation in
the intervention group (MD −1.80 days, 95% CI −2.19 to −1.41; 43
participants).

• Sivelestat (Endo 2006; Kadoi 2004; Ryugo 2006): data were not
available in a format that we could include in Endo 2006, and in
the two remaining studies, the units of measurement diIered,
so that we could not combine data in analysis. In Kadoi 2004, we
found little of no diIerence between groups in the duration of
mechanical ventilation (MD −4.30 days, 95% CI −9.08 to 0.48; 24
participants). In Ryugo 2006, we found duration of mechanical
ventilation was shorter in participants given sivelestat (MD
−30.40 days, 95% CI −55.32 to −5.48; 14 participants).

• GM-CSF (Paine 2012): we found little or no diIerence between
groups in the duration of mechanical ventilation (MD 1.30 days,
95% CI −2.07 to 4.67; 130 participants).

• MSCs (START 2018): we could not calculate eIect estimates
for this study because data were reported as median values;
study authors reported little or no diIerence in duration of
mechanical ventilation in participants who survived up to day 28
(intervention group: median 12 days (IQR 4 to 24 days); control
group: median 8 days (IQR 4 to 15): P = 0.51).

Number of ventilator-free days up to day 28

We calculated eIect estimates using the Review Manager 5
calculator (Review Manager 2014) for the number of ventilator-
free days up to day 28 reported in the remaining studies of
pharmacological agents not included in our primary comparisons
(Analysis 5.4).

• OTZ (Morris 2008): we found fewer ventilator-free days up to day
28 when OTZ was used (MD −5.20 days, 95% CI −7.93 to −2.47;
214 participants).

• GM-CSF (Paine 2012): we found little or no diIerence between
groups in the number of ventilator-free days up to day 28 (MD
0.10 days, 95% CI −3.48 to 3.68; 130 participants).

• Palifermin (KARE 2017): we could not calculate eIect estimates
because data were reported only as median values; study
authors reported more ventilator-free days in the control
group (median 20 days (IQR 13 to 22 days) compared to the
intervention group (median 1 day (IQR 0 to 17 days)), (P < 0.001).

• AP301 (Krenn 2017): we could not calculate eIect estimates
because data were reported only as median values; study
authors reported little or no diIerence between groups
(intervention group: median 15 days (IQR 9 to 21 days); control
group: median 12 days (IQR 0 to 20 days): P = 0.22).

• ACE inhibitor (Wirtz 2017): study authors reported an eIect
estimate which showed little or no diIerence between groups
(MD 3.7 days, 95% CI −1.8 to 9.1; 58 participants; P = 0.18).

• Sivelestat (STRIVE 2004): we found little or no diIerence
between groups (MD −0.50 days, 95% CI −2.31 to 1.31; 487
participants).

• MSCs (Zheng 2014; START 2018): we could not calculate eIect
estimates for one study because these were reported as median
values; study authors reported little or no diIerence between
groups (intervention group: median 2 days (IQR 0 to 56 days);
control group: median 17 days (IQR) 0 to 24 days): P = 0.28)
(START 2018). In Zheng 2014, we found little or no diIerence
between groups (MD 3.90 days, 95% CI −7.22 to 15.02; 12
participants).

• Ketoconazole (KARMA 2000): we could not calculate eIect
estimates because data were reported only as median values;
study authors reported little or no diIerence between groups
(intervention group: 10 days; control group: 9 days:P = 0.89).
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• Lisofylline (ARDS Network 2002): we could not calculate eIect
estimates because data were reported only as median values;
study authors reported little or no diIerence between groups
(intervention group: 9 days; control group: 11 days: P = 0.62).

Adverse events

• Lisofylline (ARDS Network 2002); study authors reported little or
no diIerence in discontinuation of study treatment (P = 0.59).

• Anisodimine (Guoshou 2013); study authors reported that no
participants discontinued treatment due to adverse events.

• Ketoconazole (KARMA 2000); study authors reported that four
participants in the ketoconazole group, and one participant in
the control group had an adverse event leading to an incomplete
course of treatment.

• OTZ (Morris 2008): study authors reported that five participants
in each group had an adverse event leading to discontinuation
of treatment.

Fitness to return to work at 12 months

No studies measured or reported fitness to return to work at 12
months.

D I S C U S S I O N

Summary of main results

We included 48 studies of pharmacological agents in adults with
ARDS. We also identified three studies awaiting classification (one is
reported only as an abstract and two are completed trials; we await
publication of full reports for these three studies), and 18 ongoing
studies.

Overall, we found 20 diIerent types of agents. Agents in our
primary comparisons were: corticosteroids (seven studies; 643
participants); surfactants (nine studies; 1340 participants); N-
acetylcysteine (three studies; 86 participants); statins (three
studies; 1345 participants); and beta-agonists (three studies; 648
participants).

We found low-certainty evidence that corticosteroids may reduce
early all-cause mortality (up to three months), although we note
that the 95% confidence interval (CI) includes the possibility of
both an increase and a decrease in the number of deaths. We
are uncertain whether corticosteroids make little or no diIerence
to late all-cause mortality (aOer three months) or to the duration
of mechanical ventilation; the certainty of the evidence was
very low for these outcomes. We found low-certainty evidence
that ventilator-free days up to day 28 may be improved with
corticosteroids.

We are uncertain whether surfactants make little or no diIerence
to early all-cause mortality, or whether they reduce late all-
cause mortality. Similarly, we are uncertain whether surfactants
reduce the duration of mechanical ventilation, make little or no
diIerence to the number of ventilator-free days up to day 28, or to
adverse events leading to discontinuation of study medication. The
certainty of the evidence for these outcomes with surfactants was
very low.

Only one study reported outcome data for N-acetylcysteine. We are
uncertain whether N-acetylcysteine makes little or no diIerence to

early all-cause mortality; the certainty of the evidence was very low.
This study did not report other outcomes relevant to the review.

We found moderate-certainty evidence that statins probably make
little or no diIerence to early all-cause mortality or to ventilator-
free days up to day 28. Statins may make little or no diIerence to the
duration of mechanical ventilation; the certainty of this evidence
was low. We could not include data for adverse events leading to
discontinuation of study medication in one study, because it was
unclearly reported.

We found moderate-certainty evidence that beta-agonists probably
slightly increase early all-cause mortality, although we noted that
the 95% CI includes the possibility of both an increase and a
decrease in the number of deaths. In addition, we are uncertain
whether beta-agonists increase ventilator-free days up to day 28, or
whether they make little or no diIerence to adverse events leading
to discontinuation of study medication, because the evidence for
these outcomes was of very low certainty.

In the primary comparisons, few studies reported adverse events
leading to discontinuation of study medication, and no studies
reported fitness to return to work at 12 months.

We did not assess the certainty of the evidence in comparisons of
other agents in which outcome data were available (ACE inhibitor,
rhACE2, AP301, palifermin, prostacyclins, lisofylline, ketaconazole,
GM-CSF, mesenchymal stem cells, nitroglycerin, OTZ, sivelestat,
ulinastatin, and anisodimine). Evidence from most of these agents
was from single studies with few participants. In summary, one
study of palifermin and one study of OTZ found an increase
in early all-cause mortality when participants were given the
intervention agent, but this may be explained by diIerences
between participants in study groups. We found no evidence of
a diIerence between each remaining agent and control groups
in early all-cause mortality. Study authors reported lower late all-
cause mortality with palifermin and with sivelestat. Mechanical
ventilation was reduced for participants given palifermin and
anisodimine, and in one study for participants given nitroglycerin;
the remaining studies reported little or no diIerence in mechanical
ventilation, or, for agents with more than one study, reported a
diIerence in findings between studies. For ventilator-free days, we
noted an improvement with OTZ, and fewer ventilator-free days
with palifermin, whilst studies of other agents reported little or no
diIerence between groups. We noted an increase in adverse events
leading to discontinuation of treatment for use of ketoconazole.
None of these studies reported fitness to return to work at 12
months.

Overall completeness and applicability of evidence

We identified 48 studies with 6299 participants. Despite a
large number of included studies, the variety of identified
pharmacological agents was broad, and we therefore found few
studies for each type of agent. We found 10 agents that were
reported only in single studies.

Participants all had ARDS, and from information within the study
reports we expected that most participants in most studies
had moderate or moderate-to-severe ARDS. We excluded studies
published prior to 2000, with the intention of increasing the
applicability of the evidence to current ICU practices. However,
because of insuIicient information in study reports we were unable
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to assess eIectively if clinical practices were comparable between
groups. DiIerences in clinical strategies may relate to the use of
lower tidal volumes (ARDS Network 2000), or therapies such as fluid
management strategies, values of positive end-expiratory pressure
(PEEP), or use of prone positioning. In addition, we could not
account for the other pharmacological agents that may have been
given to participants based on their primary pathologies.

Because of insuIicient studies for each outcome, we were unable to
use subgroup analysis to explore the potential eIect of diIerences
between studies, in particular the severity of ARDs in participants,
and whether interventions had been initiated early (within three
days of ARDS onset) or later.

Quality of the evidence

We used GRADE to assess the certainty of the evidence for our main
comparisons. For corticosteroids, the certainty of the evidence was
low or very low. Evidence for most outcomes included studies
with high or unclear risks of bias, and we downgraded for study
limitations. In addition, we found few studies with few participants,
leading to imprecision. For the duration of mechanical ventilation,
we downgraded for inconsistency because we noted substantial
statistical heterogeneity.

For surfactants, we judged the certainty of the evidence for all
outcomes to be very low. Most evidence was from studies in which
the comparison was standard care, and subsequently these studies
were at high risk of performance bias, as well as other high or
unclear sources of bias. Again, we downgraded for imprecision
where evidence was from few studies with few participants, and
for inconsistency when we noted unexplained diIerences between
study data.

Evidence for N-acetylcysteine was from one small study with a high
risk of performance bias, and we judged the evidence to be of very
low certainty.

For statins, although the evidence for early all-cause mortality and
ventilator-free days was from only three studies, the sample size
was large. However, we were unable to explore any diIerences
in data between studies for these outcomes and we downgraded
because of apparent inconsistencies that we noted. Evidence for
late mortality was from a smaller sample size and our certainty in
the evidence was reduced because of imprecision.

Evidence for beta-agonists was from few studies and few
participants, and the evidence was therefore imprecise. In addition,
we noted inconsistencies between some study results and this
reduced our certainty in the evidence for these outcomes to very
low.

Potential biases in the review process

We conducted a thorough search and used two review authors
to assess study eligibility, extract data, and assess risks of bias in
the included studies, thereby reducing potential bias in the review
process.

This review is an update of a previous version (Adhikari 2004).
During the updating process, we made changes to the review
to meet current Cochrane standards, which included a more
comprehensive assessment of risks of bias and use of GRADE
to assess the certainty of the evidence. We also made changes

to the review inclusion criteria by excluding studies published
prior to 2000. As a consequence of this decision, we excluded 23
studies that had previously been included. Whilst we expected that
clinical management in these studies was probably not consistent
with current practices, we could not be certain of this. Indeed,
despite this decision we still found that several studies did not
report suIicient methods for clinical management, and even if
they did report them we did not know whether practitioners were
compliant with the strategies. We used sensitivity analysis in an
attempt to explore the eIect of not using lower tidal volumes. In
the event of information missing from study reports, we did not
attempt to contact authors for clarifications, because the review
was completed using funding within a timescale that prohibited
this, and this may subsequently have introduced bias.

We added one more outcome during this update ('Fitness to return
to work at 12 months'); this attempted to evaluate the long-term
eIects for ARDS survivors, although we found no studies reporting
it. We did not make other changes to the existing outcomes. In
particular, we used the existing definition of adverse events (i.e.
leading to the discontinuation of study medication) and did not
explore other adverse events relevant to particular agents which
were reported by study authors. This review therefore does not
evaluate a comprehensive set of potential harms of study agents.
We reported when study authors collected adverse events (by
study authors' definitions) and when studies were stopped early
in Characteristics of included studies. Similarly, this review did
not look at outcomes that were specific to included agents (for
example, improvements measured using ventilatory parameters,
blood gas analysis, or cardiovascular parameters). It is feasible that
an agent may not make a diIerence to mortality, but may improve
other symptoms of the condition.

Agreements and disagreements with other studies or
reviews

The evidence for corticosteroids in ARDS management was
evaluated in the recent Intensive Care Society Guidelines (FICM/
ICS Guideline Development Group 2018). Evidence for this agent
included studies published prior to changes in lung protection
strategies, and similarly reported low-certainty evidence of little
or no diIerence in mortality. We identified two recently published
systematic reviews of corticosteroids (Horita 2015; Yang 2017);
these reported no evidence of a diIerence in mortality, and
an improvement in mortality with corticosteroids, respectively.
However, evidence for these reviews included studies that were
not RCTs, and studies in which the participant population included
people without ARDS.

Our evidence for mortality with surfactants, N-acetylcysteine,
statins, and beta-agonists was also consistent with results in other
recently published systematic reviews (Feng 2018; Gao 2016; Meng
2012; Nagendran 2017; Singh 2014; Zhang 2013; Zhang 2017).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In our main comparison groups, we found low-certainty evidence
that corticosteroids may reduce mortality within three months
of the onset of ARDS, and moderate-certainty evidence that
beta-agonists probably slightly increase mortality within three
months of the onset of ARDS; however, we noted that the 95%
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confidence interval for these eIects suggested both an increase
and a reduction in the number of deaths. For surfactants, N-
acetylcysteine and statins, we found no evidence of a diIerence in
early mortality. Only two studies of these agents (one that assessed
steroids, and one surfactants) reported deaths later than three
months, but evidence for this was uncertain.

In addition, we found that statins may make little or no diIerence
to the duration of mechanical ventilation, and, whilst the evidence
was uncertain, we also found little or no diIerence when steroids
were given. Similarly, we were uncertain whether surfactants
reduced mechanical ventilation. We found that steroids may
increase ventilator-free days, and we also found a similar eIect
for beta-agonists (although the evidence for beta-agonists was
uncertain). We found that statins probably make little or no
diIerence to the number of ventilator-free days, which we also
found for surfactants (although, again, we were uncertain about
the evidence for surfactants). Only surfactants and beta-agonists
reported adverse event leading to discontinuation of the study
medication, and we were uncertain of any eIect. No studies
reported fitness to return to work at 12 months.

We describe evidence for some outcomes as uncertain because,
during the GRADE assessment, we found the evidence for these
outcomes to be of very low certainty.

Evidence from these comparisons is from 25 studies with 4062
participants with a diagnosis of ARDS.

We did not assess the certainty of evidence for the remaining
pharmacological agents. The evidence does not include data from
three studies awaiting classification, and inclusion of these studies

(and ongoing studies) in future updates may increase our certainty
in the evidence.

Implications for research

Research continues in the field of ARDS management, which
is reflected in the large number of ongoing studies identified
during our search. The outcomes in this review reflect the
most important measures of treatment eIectiveness in this life-
threatening condition, and we expect that this will be measured
and reported in future studies. However, given the importance of
the potential long-term consequences of ARDS to its survivors, we
propose that research incorporates a longer follow-up to measure
the impacts on quality of life. We propose that studies ensure
that current guidance for lung protection strategies are followed
consistently by practitioners, and that compliance with these
strategies is clearly reported by study authors.
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Methods RCT

Parallel design

Participants Total number of randomized participants: 282

Inclusion criteria: patients had to be intubated and receiving mechanical ventilation; have bilateral
pulmonary infiltrates consistent with oedema on frontal chest radiograph; have a ratio of PaO2/FiO2 ≤

300 mmHg; no clinical evidence of leO atrial hypertension

Exclusion criteria: chronic lung disease; unable to obtain consent; time window exceeded; acute my-
ocardial infarction; high risk of 6 month mortality; chronic liver disease; physician refusal; not commit-
ted to full support; neuromuscular disease. Details in on-line supplement; mean exclusion of patients <
13 years of age

Baseline characteristics

Intervention group (beta-agonist)

• Age, mean (SD): 52 (± 16) years

• Gender, M/F: 85/67

• APACHE III, mean (SD): 94.1 (± 28.7)

• PaO2/FiO2, mean (SD): 170 (± 84) mmHg

• Risk factor: direct - aspiration 23, pneumonia 38; indirect - multiple transfusion 2, sepsis 24, trauma
7; other 7

Control group (placebo)

• Age, mean (SD): 51 (± 16) years

• Gender, M/F: 71/59

• APACHE III, mean (SD): 91.5 (± 29.6)

• PaO2/FiO2, mean (SD): 171 (± 75) mmHg

• Risk factor: direct - aspiration 14, pneumonia 41; indirect - multiple transfusion 2, sepsis 29, trauma
10; other 5

Country: USA

ALTA 2011 
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Setting: multicentre; 33 hospitals

Interventions Intervention group (beta-agonist)

• Participants: n = 152; losses = 1 (withdrawal before receiving treatment); analysed = 152

• Details: aerosolized albuterol sulphate; 5.0 mg dissolved in saline; every 4 hours for 10 days after ran-
domization or for 24 hours after extubation, whichever occurred first

• Additional details: all participants received simplified versions of the lower tidal volume and fluid-con-
servative haemodynamic management protocols used in previous ARDS Network trials (ARDS Net-
work 2000)

Control group (placebo)

• Participants: n = 130; losses = 1 (withdrawal before receiving treatment); analysed = 130

• Detaills: preservative-free 0.9% sterile sodium chloride placebo; same as intervention group

Outcomes Outcomes measured/reported: number of ventilator-free days (up to 28 days); mortality (at day 60
and day 90); number of ICU-free days; number of organ failure-free days; adverse events (to include
events leading to discontinuation of study medication)

Outcomes relevant to the review: mortality (day 90), ventilator-free days up to day 28; adverse events
(tachycardia sufficient to stop study treatment; new arrhythmia sufficient to stop study treatment; ad-
verse events sufficient to stop study treatment)

Notes Funding/declarations of interest: supported by National Heart, Lung, and Blood Institute
Study dates: August 2007 to July 2008

Note:

• trial was stopped early due to observed ventilator-free day difference unfavourable for albuterol treat-
ment; decision made by DSMB

• we noted an error in the reporting of data for ventilator-free days. Using the calculator in Review Man-
ager 5 (Review Manager 2014), we used the mean difference (and 95% CI) to re-calculate the SD for
each group

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "A centralized web-based system was used to randomize patients to re-
ceive aerosolized albuterol or placebo"

Allocation concealment
(selection bias)

Low risk External randomization, and we assumed allocation was concealed

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 

Low risk 1 participant in each group withdrew after randomization but before drug ad-
ministration. Small number unlikely to influence data. Study authors used an

ALTA 2011  (Continued)
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All outcomes intention-to-treat analysis on all outcomes. We noted early stopping before in-
tended recruitment targets; this decision was made by an independent DSMB

Selective outcome report-
ing (reporting bias)

Low risk Prospective clinical trials registration (NCT00434993). Outcomes all reported

Baseline characteristics Low risk Largely comparable

Other sources of bias Low risk No other sources of bias identified

ALTA 2011  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 235

Inclusion criteria: mechanical ventilation; AECC definition for ALI and ARDS (Bernard 1994); duration
of ALI or ARDS < 36 hours

Exclusion criteria: neurologic disease impairing weaning; chronic lung disease; morbid obesity; liver
disease; immunocompromised; burns; increased intracranial pressure

Baseline characteristics

Intervention group (lisofylline)

• Age, mean (SD): 50 (± 2) years

• Gender, M/F: 71/45

• APACHE III, mean (SD): 89.5 (± 3.2)

• PaO2/FiO2, mean (SD): 150 (± 6) mmHg

• Risk factor, %: direct - pneumonia 39, aspiration of gastric contents 12; indirect: sepsis 24, trauma 12;
not classified 13

Control group (saline)

• Age, mean (SD): 52 (± 2) years

• Gender, M/F: 74/45

• APACHE III, mean (SD): 85.2 (± 2.7)

• PaO2/FiO2, mean (SD): 135 (± 7) mmHg

• Risk factor, %: direct - pneumonia 33, aspiration of gastric contents 20; indirect: sepsis 25, trauma 7,
multiple transfusions 10; not classified 10

Country: USA

Setting: multicentre; ICUs at 21 hospitals at 10 centres constituting the ARDS Clinical Trials Network

Interventions Intervention group (lisofylline)

• Participants: n = 116; losses = 0; analysed = 116

• Details: IV lisofylline; 3 mg/kg; prepared in 50 mL normal saline (maximum 300 mg) every 6 hours for
20 days or until 48 hours of unassisted breathing

• Additonal details: enrolment into the study was initially factorialized with an ongoing ventilator man-
agement trial, in which participants were randomized to tidal volumes of either 6 mL/kg or 12 mL/kg.
After 194 participants were enrolled in the current trial, the ventilator trial was discontinued because
of a statistically significant reduction of mortality in the 6 mL/kg ventilator arm. Subsequent partici-

ARDS Network 2002 
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pants enrolled into this study then received only the 6 mL/kg tidal volume ventilation strategy; the
numbers were balanced between groups

Control group (saline)

• Participants: n = 119; losses = 0; analysed = 119

• Details: 50 mL of 0.9% normal saline; no further details

Outcomes Outcomes measured/reported: mortality (at day 28); unassisted breathing for > 48 hours; organ fail-
ure-free days; serious infections; infection-related mortality

Outcomes relevant to the review: mortality (at day 28); ventilator free-days (to day 28); adverse
events leading to discontinuation of treatment

Notes Funding/declarations of interest: in part, by National Institutes of Health/National Heart, Lung and
Blood Institute

Study dates: not reported

Notes:

• we did not include data for ventilator-free days in analysis because study authors reported only me-
dian values

• study authors reported "premature discontinuation of study drug occurred in 28% of the liso-
fylline-treated patients and in 31% of those receiving placebo" (P = 0.59)

• study stopped early because of lack of efficacy; decision made by DSMB

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk External computer-generated randomization

Allocation concealment
(selection bias)

Low risk Study drugs were prepared in blinded kits with serial numbers. Randomization
code for a 'kit' was held externally

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The local research pharmacist, patients, investigators, study co-ordi-
nators, and all clinical personnel were blinded to the randomization"

Quote: "Lisofylline was packaged in individual blinded patient kits that had
enough medication for the entire treatment course"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Quote: "The local research pharmacist, patients, investigators, study co-ordi-
nators, and all clinical personnel were blinded to the randomization"

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk Quote: "The local research pharmacist, patients, investigators, study co-ordi-
nators, and all clinical personnel were blinded to the randomization"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Largely comparable

ARDS Network 2002  (Continued)
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Other sources of bias Low risk Study included some participants who were managed with higher tidal vol-
umes, but this was balanced between groups

ARDS Network 2002  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 40

Inclusion criteria: mechanically ventilated adult patients; within 48 hours of onset of ALI or ARDS; de-
fined according to AECC definition (Bernard 1994)

Exclusion criteria: < 18 years of age; participation in another intervention trial; severe obstructive air-
way disease requiring nebulized or intravenous beta-agonist; treatment with beta-blockers within 48

hours; neutrophil count < 0.3 x 109 L; brainstem death; treatment withdrawal within 24 hours; immuno-
suppression; lobectomy/pneumonectomy; burns > 40% of body surface area; consent declined from
next of kin

Baseline characteristics

Intervention group (beta-agonist)

• Age, mean (SD): 68.7 (± 16.0) years

• APACHE II, mean (SD): 24.9 (± 6.4)

• SAPS II, mean (SD): 55.6 (± 15.1)

• PaO2/FiO2, mean (SD): 15.6 (± 6.6) kPa

• LIS, mean (SD): 2.8 (± 0.7)

• Risk factor: direct - pneumonia 3, aspiration 0; indirect - sepsis 13, trauma 1, transfusions 1; not clas-
sified 1

Control group (placebo)

• Age, mean (SD): 57.0 (± 14.7) years

• APACHE II, mean (SD): 22.5 (± 6.5)

• SAPS II, mean (SD): 49.3 (± 14.7)

• PaO2/FiO2, mean (SD): 13.7 (± 4.9) kPa

• LIS, mean (SD): 3.0 (± 0.4)

• Risk factor: direct - pneumonia 9, aspiration 2; indirect - sepsis 8, trauma 0, transfusions 2

Country: UK

Setting: single-centre; ICU

Interventions Intervention group (beta-agonist)

• Participants: n = 19; 1 died before intervention was given, ITT analysis

• Details: IV salbutamol (beta-agonist) 0.2 mg/mL; within 2 hours of randomization; run at 0.075 mL/
kg/h for 7 days

Control group (placebo)

• Participants: n = 21; 1 died before intervention was given, ITT analysis

• Details: 0.9% saline; same as intervention group

BALTI 2006 
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Outcomes Outcomes measured/reported: extravascular lung water; LIS; PaO2/FiO2; plateau pressure (at day 7);

ventilator-free days up to day 28; mortality (at day 28); adverse events (safety and tolerability)

Outcomes relevant to the review: mortality (at day 28); ventilator-free days up to day 28

Notes Funding/declarations of interest: grant from West Midlands Intensive Care Society. "None of the au-
thors have a financial relationship with a commercial entity that has an interest in the subject of this
manuscript."

Study dates: January 2001 to December 2003
Note:

• data reported for higher heart rates at day 4 (mean (SD) 103 (± 22) in intervention group, 88 (± 16) in
control group; supraventricular tachycardia - 5/19 intervention group, 2/21 in control

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Randomization by blocks of four, conducted by one of the authors. Size of
blocks unknown to other researchers, but method of sequence generation not
described.

Allocation concealment
(selection bias)

Low risk Concealed in opaque, sequentially-numbered, sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Drug preparations made by nurses who were not involved in the study

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2 participants did not receive treatment but included in ITT analysis

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics High risk Participants in intervention group were older. More participants in placebo
group had direct lung injury

Other sources of bias Low risk None identified

BALTI 2006  (Continued)

 
 

Methods RCT

Parallel design
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Participants Total number of randomized participants: 326

Inclusion criteria: intubated and mechanically ventilated; ≥16 years of age; within 72 hours of ARDS
onset; ARDS according to AECC (Bernard 1994)

Exclusion criteria: pregnancy; current treatment with intravenous beta-2-agonist or need for contin-
uous, regular aerosolized beta-2-agonists; current treatment with beta-adrenergic antagonists; immi-
nent withdrawal of medical treatment; chronic liver disease; enrolment in another trial of an investiga-
tional medicinal product within previous 28 days

Baseline characteristics

Intervention group (beta-agonists)

• Age, mean (SD): 55.8 (± 17.2) years

• Gender, M/F: 102/60

• APACHE II, mean (SD): 19.5 (± 6.2)

• PaO2/FiO2, mean (SD): 103.5 (± 36.75) mmHg

• Risk factors: direct - smoke or toxin inhalation 1, aspiration of gastric contents 6, near drowning 1,
thoracic trauma 5, pneumonia 86, drug-related 2, other 2, missing 1; indirect - sepsis 39, cardiopul-
monary bypass 1, pancreatitis 6, non-thoracic trauma 2, transfusion-related 6, other 4

Control group (placebo)

• Age, mean (SD): 54.2 (± 17.5) years

• Gender, M/F: 110/54

• APACHE II, mean (SD): 18.9 (± 6.7)

• PaO2/FiO2, mean (SD): 103.5 (± 36.75) mmHg

• Risk factors: direct - smoke or toxin inhalation 2, aspiration of gastric contents 9, near drowning 0,
thoracic trauma 9, pneumonia 79, drug-related 1, other 5, missing 0; indirect - sepsis 47, cardiopul-
monary bypass 1, pancreatitis 4, non-thoracic trauma 6, transfusion-related 1, other 0

Country: UK

Setting: multicentre; 46 ICUs

Interventions Intervention group (beta-agonists)

• Participants: n = 162; losses = 1 (withdrew consent); analysed = 161

• Details: IV salbutamol (beta-agonist); at a rate of 0.075 mL/kg ideal bodyweight per hour

• Additional details: in both groups, use of a lung protective-ventilation strategy (ARDS Network 2000),
fluid restriction (Wiedemann 2006), appropriate high PEEP (Brower 2004)

Control group (placebo)

• Participants: n = 164; losses = 1 (withdrew consent); analysed = 163

• Details: placebo; 0·9% saline

Outcomes Outcomes measured/reported: mortality (at day 28); mortality in ICU or hospital; ventilator-free and
organ failure-free days (up to day 28); length of stay in ICU and hospital; tachycardia; new arrhythmia;
other side effects sufficient to stop treatment of trial drug

Outcomes relevant to the review: mortality (at day 28, in ICU, in hospital); ventilator-free days up to
day 28; adverse events (tachycardia sufficient to stop study treatment; new arrhythmia sufficient to
stop study treatment; new lactic acidosis sufficient to stop study treatment; serious adverse events re-
lated to study drug)

Notes Funding/declarations of interest: UK Medical Research Council, UK Department of Health, UK Inten-
sive Care Foundation; some authors have received investigator-led research grants, and fees for lec-
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tures etc. from pharmaceutical companies - all unrelated to beta-agonists. The sponsor of the study
had no role in study design, data collection, data analysis, data interpretation, or writing of the report

Study dates: December 2006 to March 2010

Note:

• trial stopped early due to increased mortality in salbutamol group; decision made by Data Monitoring
and Ethics Committee

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "We used a computer-generated randomisation sequence with a block
size of eight"

Allocation concealment
(selection bias)

Low risk Use of external randomization service

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Participants, care providers, and investigators were masked to group
assignment"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk We assumed that outcome assessors were blinded

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk We assumed that outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2 withdrawals, and 2 not given study drug but small number of losses and ITT
analysis used. Trial was stopped early due to increased mortality in salbuta-
mol group; decision made by Data Monitoring and Ethics Committee

Selective outcome report-
ing (reporting bias)

Low risk Prospective clinical trials registration (ISRCTN38366450). All outcomes pre-
sented in full report

Baseline characteristics Low risk All comparable

Other sources of bias Low risk None identified

BALTI-2 2013  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 48

Inclusion criteria: 18 to 75 years of age; AECC diagnosis of ARDS (Bernard 1994) within 24 hours; PEEP

> 5 cm H2O; consent from family

Exclusion criteria: pregnancy; COPD; hypersensitivity to surfacen

Baseline characteristics

Barrese-Perez 2015 
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Intervention group (surfactants)

• Gender, M/F: 14/10

• Age: 18 to 35 years: 4; 36 to 55 years: 11; 56 to 75 years: 9

• Risk factor: not reported

Control group (standard therapy)

• Gender, M/F: 18/6

• Age: 18 to 35 years: 8; 36 to 55 years: 9; 56 to 75 years: 7

• Risk factor: not reported

Country: Cuba

Setting: single-centre; ICU

Interventions Intervention group (surfactants)

• Participants: n = 24; losses = 0; analysed: 24

• Details: surfacen (surfactant); 100 mg every 8 hours for 3 days

Control group (standard therapy)

• Participants: n = 24; losses = 0; analysed = 24

• Details: standard therapy

Outcomes Outcomes measured/reported: PaO2/FiO2; chest x-ray changes; duration of mechanical ventilation;

mortality; length of stay in ICU

Outcomes relevant to the review: mortality (time point not reported); duration of mechanical ventila-
tion; interruption of treatment (adverse events)

Notes Funding/declarations of interest: funding source not reported but 2 authors reported to be involved
in a national clinical trial centre; these authors were not involved in participant recruitment etc., only in
interpretation of the results

Study dates: not reported
Note:

• associated with an abstract by the same authors in 2010 (Perez 2010, see associated references). This
is assumed to be an interim analysis and therefore we have only included data from Barrese-Perez
2015 in this review

• we could not combine outcome data for duration of mechanical ventilation with other studies be-
cause it was unclear if data were reported as mean or median values

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Use of computer-generated random-number tables

Allocation concealment
(selection bias)

Unclear risk Sealed envelopes used but no additional details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding not possible as no placebo was used; comparison against standard
treatment only

Barrese-Perez 2015  (Continued)
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Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect that blinding of outcome assessors
would influence mortality outcome data

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

High risk There were 25% of participants who did not complete treatment. Although
these were included in ITT analysis, we noted that the number of participants
who completed treatment was unbalanced between groups.

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Unclear risk Relative small number of participants recruited from screening; unclear if this
was due to exclusion criteria, other factors, or potential bias at recruitment
stage

Barrese-Perez 2015  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 30

Inclusion criteria: with acute lung injury induced by severe heatstroke; fulfilling criteria listed in Soci-
ety of Critical Care Medicine of PLAs 2015 Guideline for standardized diagnosis of heatstroke

Exclusion criteria: < 16 years of age; hospital stay > 24 hours; brain stem death; COPD patients

Baseline characteristics

Intervention group (Ulinastatin)

• Age, mean (SD): 35.1 (± 13.8) years

• Gender, M/F: 11/4

• Apache II, mean (SD): 21.33 (± 4.72)

• Murray Score, mean (SD): 2.23 (± 0.73)

• Risk factor: heatstroke

Control group (standard therapy)

• Age, mean (SD): 31.7 (± 15.0)

• Gender, M/F: 14:1

• Apache II, mean (SD): 21.20 (± 4.71)

• Murray Score, mean (SD): 2.28 (± 0.63)

• Risk factor: heatstroke

Country: China

Setting: multicentre; 2 hospitals

Interventions Intervention group (ulinastatin)

Chen 2017 
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• Participants: n = 15; losses = 0; analysed = 15

• Details: IV ulinastatin with conventional treatment; 200,000 units plus 100 ml saline twice a day for
5 days

• Additional details: lower tidal volume used in both groups

Control group (standard therapy)

• Participants: n = 15; losses = 0; analysed = 15

• Details: conventional treatment: antibiotic prophylaxis; simple analgesia; nutritional support;
haemodialysis; mechanical ventilation

• Additional details: same as intervention group

Outcomes Outcomes measured/reported: duration of mechanical ventilation; length of ICU stay; mortality (at 28
days); concentration of TNF-alpha and IL-6 in BALF and alveolar macrophage supernatant before and
after treatment; expression levels of TREM-1 protein and mRNA in alveolar macrophage after treatment

Outcomes relevant to the review: duration of mechanical ventilation; mortality (at 28 days)

Notes Funding/declarations of interest: National Natural Science Youth Fund; Guangdong Province Medical
Research Fund; Dongguan Social Science and Technology Project Fund

Study dates: January 2013 to October 2016

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Investigators used computer randomization

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Control is standard therapy and therefore blinding not possible

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding of outcome assessors. However, we did not expect this to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding of outcome assessors

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Study authors did not report a pre-published protocol or clinical trials registra-
tion number and therefore we were unable to assess risk of selective outcome
reporting bias

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other source of bias identified

Chen 2017  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 26

Inclusion criteria: patients with sepsis who were diagnosed with SIRS as well as ALI

Exclusion criteria: ≥ 76 years of age; < 16 years of age; presence of multiple organ dysfunction involv-
ing 4 organs or more; presence of underlying cancer; steroid administration

Baseline characteristics

Table of characteristics not reported; study authors report "no significant differences"

Risk factor: indirect - all participants had sepsis

Country: Japan

Setting: not stated

Interventions Intervention group (sivelestat)

• Participants: n = 13; losses = 0; analysed = 13

• Details: sivelestat sodium hydrate; 30 mins after making diagnosis of septic ALI; 0.2 mg/kg/h for 14
days

Control group

• Participants: n = 13; losses = 0; analysed = 13

• Details: no details

Outcomes Outcomes measured/reported: duration of mechanical ventilation and pulmonary oxygenation abili-
ty; mortality (at day 28); concentrations of PMN-E, SP-D, TRN-a and IL-8 in blood

Outcomes relevant to the review: mortality (at day 28); duration of mechanical ventilation

Notes Funding/declarations of interest: Mutual Aid Corporation for Private School of Japan and the Ministry
of Education, Culture, Sports, Science, and Technology of Japan

Study dates: not reported

Notes:

• data reported for duration of mechanical ventilation on graph. Not possible to translate the data into
useable format for review

• although inclusion criteria is for participants with ALI, we noted that some participants had PaO2/FiO2

< 250, and therefore study included participants with moderate ARDS

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Participants were described as "randomly assigned" but no additional details

Allocation concealment
(selection bias)

Unclear risk Assigned using the "envelope method". No additional details

Endo 2006 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details of what treatment the control group received and whether blinding
was feasible or attempted

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect that blinding of outcome assessors
would influence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Unclear risk Baseline characteristics table is referred to but not included in the full report.
Study authors report that there were no significant differences observed be-
tween the groups in relation to any of the background characteristics

Other sources of bias Unclear risk Details of control group are not described which means that other risks of bias
are unknown

Endo 2006  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 50

Inclusion criteria: traumatic ALI/ARDS patients whose diagnoses were in accordance with the diagnos-
tic criteria on ALI/ARDS of the Society of Critical Care Medicine of Chinese Medical Association (SCCMC-
MA 2006)

Exclusion criteria: no details

Baseline characteristics

Intervention group (anisodimine)

• Age, mean: 48.39 years

• Gender, M/F: 19/7

• APACHE II, mean (SD): 21.83 (± 5.59)

• PaO2/FiO2, mean (SD): 184.6 (± 7.9) mmHg

• Risk factor: direct and indirect - trauma

Control (standard therapy)

• Age, mean: 45.69 years

• Gender, M/F: 18/6

• APACHE II, mean (SD): 20.87 (± 5.73)

• PaO2/FiO2, mean (SD): 187.7 (± 8.4) mmHg

Guoshou 2013 
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• Risk factor: direct and indirect - trauma

Country: China

Setting: single-centre; ICU

Interventions Intervention group (anisodimine)

• Participants: n = 26; losses = 0; analysed = 26

• Details: IV anisodimine; 0.5 mg/kg; 10 to 20 mg given every 30 to 60 minutes according to heart rate;
treatment for 3 to 5 days

• Additional details: mechanical ventilation mode was the same for each group

Control group (standard therapy)

• Participants: n = 24; losses; analysed = 24

• Details: no details

Outcomes Outcomes measured/reported: oxygenation and respiratory variables; mechanical ventilation time;
mortality; adverse reactions

Outcomes relevant to the review: duration of mechanical ventilation; mortality (time point not re-
ported); adverse reactions (leading to termination of study treatment)

Notes Funding/declarations of interest: not reported

Study dates: January 2009 to October 2011

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Participants were "randomly classified". No additional details.

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Compared with standard therapy, therefore not possible to blind personnel to
treatment groups

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement.

Baseline characteristics Low risk Limited detail but appear balanced between groups

Guoshou 2013  (Continued)
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Other sources of bias Unclear risk Insufficient detail in paper regarding methodology. No details of 'convention-
al' therapy used as comparison.

Guoshou 2013  (Continued)

 
 

Methods RCT

Parallel design

Participants Total numbers of randomized participants: 60

Inclusion criteria: mechanically-ventilated patients within 48 hours of a diagnosis of ALI and ARDS ac-
cording to AECC (Bernard 1994)

Exclusion criteria: creatine kinase > 10 times upper limit normal range; liver transaminases > 3 times
upper limit normal range; severe renal impairment not receiving RRT; severe liver disease; known lac-
tose intolerance; current treatment with any lipid-lowering agent including statins; contraindication to
enteral drug administration; < 18 years of age; pregnancy; participation in a clinical trial with an investi-
gational medicinal product within 30 days; unlikely to survive beyond 48 hours; declined consent

Baseline characteristics

Intervention group (statins)

• Age, mean (SD): 52.5 (± 17.1) years

• Gender, M/F: 22/8

• APACHE II, mean (SD): 25.1 (± 6.5)

• SAPS II, mean (SD): 53.4 (± 14.4)

• SOFA, mean (SD): 10.2 (± 2.9)

• PaO2/FiO2, mean (SD): 173 (± 47) mmHg

• LIS, mean (SD): 2.5 (± 0.5)

• Risk factor: direct 17; indirect 13

Control group (placebo)

• Age, mean (SD): 52.8 (± 20) years

• Gender, M/F: 22/8

• APACHE II, mean (SD): 23.3 (± 6.8)

• SAPS II, mean (SD): 54.2 (± 14.3)

• SOFA, mean (SD): 10.4 (± 3.9)

• PaO2/FiO2, mean (SD): 166 (± 60) mmHg

• LIS, mean (SD): 2.5 (± 0.5)

• Risk factor: direct 17; indirect 13

Country: Northern Ireland, UK

Setting: single-centre; ICU

Interventions Intervention group (statins)

• Participants: n = 30; losses = 0; analysed = 30

• Details: simvastatin; 80 mg; given daily for up to 14 days; if creatine kinase < 10 upper reference range
of normal and transaminases were < 3 times upper level of normal

• Additional details: we noted mean tidal volumes were high, mean (SD): 8.5 (± 1.5)

Control group (placebo)

HARP 2011 
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• Participants: n = 30; losses = 0; analysed = 30

• Details: placebo agent

• Additional details: we noted mean tidal volumes were high, mean (SD): 8.5 (± 2.2)

Outcomes Outcomes measured/reported: reduction in extravascular lung water indexed to actual body weight
(EVLWI); oxygenation index; plateau pressure; SOFA score; adverse reactions (not defined as leading
to discontinuation of study medication); additional ventilation parameters; haemodynamic variables;
need for renal replacement; VAP; duration of mechanical ventilation in ICU survivors; ventilator-free
days up to day 28; ICU and hospital length of stay; ICU and hospital survival

Outcomes relevant to the review: mortality (in hospital), ventilator-free days up to day 28

Notes Funding/declarations of interest: supported by the HSC R&D Division, Public Health Agency Northern
Ireland and REVIVE. 2 authors received fees from various pharmaceutical companies, full details report-
ed in full text

Study dates: September 2006 to March 2009

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "performed by an independent clinical trials statistician. The block size
was unknown to the investigators. An independent clinical trials pharmacist
performed treatment randomization."

Allocation concealment
(selection bias)

Low risk Randomization completed externally and drugs "encapsulated"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Blinding of the simvastatin and placebo tablets was achieved by en-
capsulation"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No losses

Selective outcome report-
ing (reporting bias)

Unclear risk Prospective clinical trials registration in March 2006 (ISRCTN70127774). How-
ever outcome section was edited in clinical trials register in April 2012 (after
publication of full text). It is therefore not possible to judge whether a priori
outcomes have been reported fully

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other sources of bias identified

HARP 2011  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 540

Inclusion criteria: intubated and mechanically ventilated and within 48 hours after onset of ARDS, de-
fined as PaO2/FiO2 ≤ 300 mmHg; if bilateral pulmonary oedema was present on chest radiography; if

there was no evidence of leO atrial hypertension

Exclusion criteria: < 16 years of age; not intubated and ventilated; assessed ≥ 48 hours after onset of
ARDS; pregnant; elevated creatine kinase level; elevated aminotransferase level; interaction with con-
comitant drug; severe renal impairment and not receiving RRT; severe liver disease; received statins
within previous 2 weeks; required statins for a proven indication; contraindication to enteral drug ad-
ministration; enrolled in another drug trial; having treatment imminently withdrawn; declined consent

Baseline characteristics

Intervention group (statins)

• Age, mean (SD): 53.2 (± 16.1) years

• Gender, M/F: 137/122

• APACHE II, mean (SD): 19.4 (± 6.9)

• PaO2/FiO2, mean (SD): 123 (± 54.8) mmHg

• SOFA, mean (SD): 8.6 (± 3.2)

• Risk factor: direct - smoke or toxic inhalation 1, aspiration of gastric contents 21, thoracic trauma 22,
pneumonia 161; indirect - sepsis 106, pancreatitis 5, non-thoracic trauma 4; other 30

Control group (placebo)

• Age, mean (SD): 54.4 (± 16.7) years

• Gender, M/F: 170/110

• APACHE II, mean (SD): 18.3 (± 6.2)

• PaO2/FiO2, mean (SD): 132.4 (± 55.4) mmHg

• SOFA, mean (SD): 9.0 (± 2.9)

• Risk factor: direct - smoke or toxic inhalation 2, aspiration of gastric contents 29, thoracic trauma 10,
pneumonia 154; indirect - sepsis 118, pancreatitis 17, non-thoracic trauma 8; other 36

Country: UK and Ireland

Setting: multicentre; 40 ICUs

Interventions Intervention group (statins)

• Participants: n = 259; 1 lost to follow-up and excluded from analysis, treated = 254; analysed (ITT) =
258. Details: simvastatin; 80 mg, orally, once daily, for up to 28 days

• Additional details: in both groups, ICUs were encouraged to use lower tidal volumes (6 to 8 mL/kg of
predicted bodyweight), plateau pressure < 30 cmH2O (ARDS Network 2000)

Control group (placebo)

• Participants: n = 281; 2 withdrew consent and were excluded from analysis, treated = 278; analysed
(ITT) = 279

• Details: identical tablet; for 28 days

Outcomes Outcomes measured/reported: number of ventilator-free days (up to day 28); change in oxygena-
tion index and SOFA score; number of days free of non-pulmonary organ failure; death from any cause
(at 28 days); death before discharge from critical care or hospital; adverse events and serious adverse
events related to the study drug

HARP-2 2014 
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Outcomes relevant to the review: mortality (at 28 days), ventilator-free days up to day 28; adverse
events (see note)

Notes Funding/declarations of interest: UK Efficacy and Mechanisim Evaluation Programme, a Medical Re-
search Council and NIHR partnership. 3 authors in receipt of funding from pharmaceutical manufac-
turer. "Funders had no role in the study design, data acquisition, data analysis, or manuscript prepara-
tion."

Study dates: December 2010 to March 2014

Note:

• study authors report that "the most common reason for discontinuation of the study drug were dis-
charge from critical care, death, and an adverse event that was considered to be related to the study
drug". No additional details are provided in the study report and online supplementary appendix to
indicate how many participants had study treatment discontinued because of an adverse event

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Randomization performed using automated, centralized 24-hour service

Allocation concealment
(selection bias)

Low risk External randomization, in which allocation can be concealed

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Patients received once-daily simvastatin (at a dose of 80 mg) or identi-
cal placebo tablets enterally for up to 28 days."

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1 participant lost to follow-up in intervention group, and 2 participants with-
drew consent in control group. Data reported with different denominator fig-
ures not always consistent with these losses, but very small number and un-
likely to influence results

Selective outcome report-
ing (reporting bias)

Unclear risk Prospective trial registration ISRCTN88244364. Some outcomes not reported
in full publication as stated in trial registration document, to include mortality
at 12 months

Baseline characteristics High risk Differences apparent in ratio of PaO2/FiO2 (less in simvastatin group), reported

by authors to be statistically significant

Other sources of bias Low risk No other sources of bias identified

HARP-2 2014  (Continued)
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Parallel design

Participants Total number of randomized participants: 140

Inclusion criteria: acute onset respiratory frequency or respiration distress; hypoxaemia defined as
PaO2 < 60 mmHg or FiO2 ≤ 200 mmHg; invasive shallows observed in both lungs; pulmonary artery

wedge pressure ≤ 18 mmHg

Exclusion criteria: cardiogenic pulmonary oedema induced by other causes; disorders in cardiac, he-
patic, and renal function; or incomplete medical records

Baseline characteristics

Intervention group (propofol + nitroglycerin)

• Age, mean (SD): 45 (± 6) years

• Gender, M/F: 39:31

• PaO2/FiO2, mean (SD): 123.84 (± 17.48) mmHg

• Risk factors: not reported

Control group (standard care)

• Age, mean (SD): 47 (± 5) years

• Gender, M/F: 37:33

• PaO2/FiO2, mean (SD): 125.50 (± 18.73) mmHg

• Risk factors: not reported

Country: China

Setting: single-centre

Interventions Intervention group (propofol + nitroglycerin)

• Participants: n = 70; losses = 0; analysed = 70

• Details: IV bolus 0.028 mg/kg propofol; followed by 0.5 mg/kg/h propofol; nitroglycerin combined with
250 mL to 500 mL in 110% glucose injection; standard care (eliminating causes of primary diseases,
oxygen therapy and mechanical ventilation)

Control group (standard therapy)

• Participants: n = 70; losses = 0; analysed = 70

• Details: standard care (eliminating causes of primary diseases, oxygen therapy and mechanical ven-
tilation)

Outcomes Outcomes measured/reported: levels of inflammatory markers; blood and gas analysis; duration of
mechanical ventilation; disease remission

Outcomes relevant to the review: duration of mechanical ventilation

Notes Funding/declarations of interest: not reported

Study dates: January 2015 to January 2016

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

High risk Pieces of paper (labelled as group A or group B) were folded and placed in a
box. Participants selected a piece of paper to assign group allocation

Huang 2017  (Continued)
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Allocation concealment
(selection bias)

High risk Possible that allocation could be manipulated because of methods of random-
ization

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding not possible because control group is standard care

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk Unblinded trial

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported; it is there-
fore not feasible to assess reporting bias

Baseline characteristics Low risk Baseline characteristics appear comparable

Other sources of bias Low risk No other source of bias identified

Huang 2017  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 80

Inclusion criteria: with ARDS (diagnosed by clinical manifestations and pulmonary blood gas analysis)

Exclusion criteria: acute heart failure; accompanied with hypovolaemic shock; other organ system
failure; systemic immune system diseases; malignant tumour; estimated survival time was within 24
hours; refused to be enrolled in the study

Baseline characteristics

Intervention group (ulinastatin)

• Age, mean (SD): 65.6 (± 1.2) years

• Gender, M/F: 24/16

• Risk factor: acute infection 17; acute trauma 13; acute poisoning 7; other 3

Control group (standard care)

• Age, mean (SD): 65.3 (± 1.3) years

• Gender, M/F: 25/15

• Risk factor: acute infection 18; acute trauma 12; acute poisoning 8; other 2

Country: China

Setting: single-centre

Interventions Intervention group (ulinastatin)

• Participants: n = 40; losses = 0; analysed = 40

Ji 2018 
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• Details: ulinastatin; injection with 200,000 units in 0.9% 100 mL normal saline; IV infusion every 12
hours for 14 days

• Additional details: in both groups, airway pressure of 30 cmH2O under SIMV mode

Control group (standard care)

• Participants: n = 40; losses = 0; analysed = 40

• Details: standard care (mechanical ventilation)

Outcomes Outcomes measured/reported: changes in relevant indices of oxygen metabolism; lung function;
time of ventilator treatment; total hospital stay; SGRQ score; changes in inflammatory cytokine levels;
dopamine receptor-related hormone levels; SOD; MDA; total antioxidant capacity (before intervention
and at 1 and 4 weeks after intervention)

Outcomes relevant to the review: duration of mechanical ventilation

Notes Funding/declarations of interest: not reported. Study authors report that they have no competing in-
terests

Study dates: January 2015 to December 2016

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "Patients were divided into the observation (n=40) and control (n=40)
groups according to a random number table."

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Because study design does not include a placebo control agent, no blinding is
possible

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk Outcome assessors are unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Study does not report clinical trials registration or published protocol and it is
therefore not possible to assess risk of selective outcome reporting

Baseline characteristics Low risk Baseline characteristic appear to be comparable

Other sources of bias Low risk No other source of bias identified

Ji 2018  (Continued)
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Participants Total number of randomized participants: 24

Inclusion criteria: > 20 years of age; ARDS according to AECC (Bernard 1994) within the preceding 72
hours; PaO2/FiO2 < 200 mmHg; bilateral CXR infiltrates; pulmonary artery occlusion pressure ratio ≤ 18

mmHg or no clinical evidence of leO arterial hypertension; received immediately before randomization;
FiO2 of ≥ 0.8 for ≥ 12 hours or FiO2 of ≥ 0.6 for ≥ 24 hours

Exclusion criteria: history of immunosuppression; use of prednisone within last 30 days; chemothera-
py or radiotherapy within the last 30 months; persistent hypotension; low survival expectancy because
of underlying disease, such as malignancy, significant hepatic or renal failure; head trauma; pregnant

Baseline characteristics

Intervention group (sivelestat)

• Age, mean (SD): 66 (± 7) years

• Gender, M/F: 9/3

• APACHE II, mean (SD): 19.9 (± 3.8)

• PaO2/FiO2, mean (SD): 155 (± 46) mmHg

• Risk factors: direct - pneumonia 10; indirect - sepsis 2

Control group (saline)

• Age, mean (SD): 62 (± 9) years

• Gender, M/F: 9/3

• APACHE II, mean (SD): 20.2 (± 4.0)

• PaO2/FiO2, mean (SD): 142 (± 56) mmHg

• Risk factors: direct - pneumonia 10; indirect - sepsis 2

Country: Japan

Setting: single-centre; ICU

Interventions Intervention group (sivelestat)

• Participants: n = 12; losses = 0; analysed = 12

• Details: sivelestat; 0.2 mg/kg/h for 14 days; prepared for IV infusion by dilution to a total volume of
100 mL with normal saline

• Additional details: all participants received mechanical ventilation with a Siemens Servo 300 ventila-
tor in volume-controlled ventilation mode and with a positive end-expiratory pressure of 5 to 10 cm
H2O; peak airway pressure was maintained at < 35 cm H2O; applied tidal volumes of 8 to 10 mL/kg

Control group (saline)

• Participants: n = 12; losses = 0; analysed = 12

• Details: same dose of saline to sivelestat for 14 days

Outcomes Outcomes measured/reported: ARDS during 30 days after intervention; duration of mechanical ven-
tilation; oxygenation variables; cytokine levels; number of participants alive at 30 days who did not re-
ceive mechanical ventilation; mortality (at 30 days)

Outcomes relevant to the review: mortality at 30 days; duration of mechanical ventilation

Notes Funding/declarations of interest: supported by a grant from the Japanese Ministry of Science, Educa-
tion and Culture

Study dates: October 2002 to May 2003

Risk of bias
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Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "blocked randomization algorithm"

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Neither the patients nor the medical personnel responsible for their
care were aware of which treatment was being administered"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk None identified

Kadoi 2004  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 60

Inclusion criteria: patients with ARDS according to AECC (Bernard 1994)

Exclusion criteria: presence of ARDS for > 48 hours; current treatment with palifermin; known hyper-
sensitivity to palifermin or Escherichia coli-derived proteins (palifermin is produced in an E coli-based
protein production system, so hypersensitivity to E coli-derived protein is an exclusion criterion); pre-
vious adverse reaction to palifermin; imminent withdrawal of medical treatment; chronic liver disease
(Child-Pugh score > 12); history of active malignancy; < 18 years of age; pregnancy; enrolment in anoth-
er clinical trial of an investigational medicinal product within the previous 30 days; inability to obtain
informed consent

Baseline characteristics

Intervention group (palifermin)

• Age, mean (SD): 55.6 (± 17.5) years

• Gender, M/F: 17/12

• Apache II, mean (SD): 18.8 (± 0.0)

KARE 2017 
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• SOFA, mean (SD): 9.5 (± 4.0)

• LIS, mean (SD): 2.0 (± 0.6)

• Risk factors: direct - smoke or toxin inhalation 1, aspiration 10, thoracic trauma 1, pneumonia 10;
indirect - sepsis 11, pancreatitis 0, non-thoracic trauma 5; other 3

• PaO2/FiO2, mean (SD): 21.4 (± 8.6) kPa

Control group (placebo)

• Age, mean (SD): 61.0 (± 15.4) years

• Gender, M/F: 20/11

• Apache II, mean (SD): 22.7 (± 6.5)

• SOFA, mean (SD): 8.9 (± 3.1)

• LIS, mean (SD): 2.2 (± 0.6)

• Risk factors: direct - smoke or toxin inhalation 0, aspiration 7, thoracic trauma 2, pneumonia 18; indi-
rect - sepsis 16, pancreatitis 2, non-thoracic trauma 1; other 2

• PaO2/FiO2, mean (SD): 15.8 (± 5.7) kPa

Country: UK

Setting: multicentre; 2 ICUs

Interventions Intervention group (palifermin)

• Participants: n = 29; losses = 0; analysed = 29

• Details: palifermin (KGF); IV bolus, 60 /kg, daily for a maximum 6 days

• Additional details: "clinical care was at local physician discretion and based on the local intensive care
unit guidelines including low tidal-volume ventilation"

Control group (placebo)

• Participants: n = 31; losses = 0; analysed = 31

• Details: placebo; 0.9% NaCl solution; same as intervention group

Outcomes Outcomes measured/reported: OI; physiological indices of pulmonary function; change in SOFA
score; adverse events (but not reported as leading to discontinuation of study medication); ventila-
tor-free days (to day 28); duration of ventilation and ICU stay; hospital mortality; mortality (28 days, 90
days, 1 year)

Outcomes relevant to the review: mortality (at 90 days); mortality (at ≥ 1 year); ventilator-free days;
duration of mechanical ventilation

Notes Funding/declarations of interest: The Northern Ireland Public Health Agency Research and Develop-
ment Division. "The funder or Swedish Orphan Biovitrum AB [supplied palifermin] had no role in the
study design, data collection, data analysis, data interpretation, or writing of the report." Authors de-
clare no competing interests.

Study dates: February 2011 to February 2014

Notes:

• it was not possible to calculate effect estimates for ventilator-free days and the duration of mechanical
ventilation because data were reported as median (IQR) values

• amendment of trial protocol to permit recruitment of participants within 72 hours of ARDS onset

Risk of bias

Bias Authors' judgement Support for judgement

KARE 2017  (Continued)
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Sequence generation (se-
lection bias)

Low risk Quote: "The randomisation schedule was computer generated by the trial bio-
statistician"

Allocation concealment
(selection bias)

Low risk Quote: "An independent clinical trials pharmacist allocated the patient to the
designated treatment group, and was the only person with access to the ran-
domisation schedule"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote:"Patients and investigators were both masked to treatment"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Quote: "Investigators were masked to treatment allocation"

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk Quote: "Investigators were masked to treatment allocation"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Low risk Prospective clinical trials registration (ISRCTN95690673). Outcomes reported
according to registration documents

Baseline characteristics High risk Some differences in baseline characteristics (higher PEEP and oxygenation in-
dex, and a lower PaO2/FiO2 in the placebo group). It is unclear whether this in-

fluenced results. Study authors also note difference in mortality data, in partic-
ular that the placebo group has fewer then average deaths which could justify
the apparent larger number of deaths in the KGF group

Other sources of bias Low risk No source of bias identified

KARE 2017  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 234

Inclusion criteria: mechanical ventilation; AECC definition for ALI and ARDS (Bernard 1994); duration
of ALI or ARDS < 36 hours

Exclusion criteria: < 18 years of age; neurologic disease impairing weaning; chronic lung disease; mor-
bid obesity; liver disease; immunocompromised; burns; increased intracranial pressure

Additonal participant information: ALI and ARDS; study authors report the number of participants
per group according to PaO2/FiO2 ratio; these were balanced between groups

Baseline characteristics

Intervention group (ketoconazole)

• Age, mean (SD): 55 (± 19) years

KARMA 2000 
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• Gender, M/F: 68/49

• APACHE III, mean (SD): 81.6 (± 2.1)

• PaO2/FiO2, mean (SD): 139 (± 6) mmHg

• Risk factors, %: direct - pneumonia 15, aspiration of gastric contents 15; indirect - sepsis 32, trauma
10, multiple transfusions 3; not classified 25

Control group (placebo)

• Age, mean (SD): 52 (± 18) years

• Gender, M/F: 73/44

• APACHE III, mean (SD): 81 (± 2.5)

• PaO2/FiO2, mean (SD): 150 (± 7) mmHg

• Risk factors, %: direct - pneumonia 17, aspiration of gastric contents 15; indirect - sepsis 31, trauma
9, multiple transfusions 2; not classified 26

Country: USA

Setting: multicentre; ICUs in 24 hospitals associated with 10 network centres

Interventions Intervention group (ketoconazole)

• Participants: n = 117; losses = 0; analysed = 117

• Details: ketoconazole; dissolved in coca-cola and given enterally; 400 mg once daily for 21 days or
until 48 hours of unassisted breathing

• Additional details: ventilation strategies were evenly balanced between groups, and included use of
lower tidal volumes (6 mL/kg) and higher tidal volumes (12 mL/kg) as part of 2 x 2 design

Control group (placebo)

• Participants: n = 117; losses = 0; analysed = 117

• Details: placebo completely dissolved in coca-cola. Identical in appearance to study drugs

Outcomes Outcomes measured/reported: ventilator-free days up to day 28; hospital mortality; unassisted
breathing for ≥ 48 hours; organ failure-free days; days meeting "commence weaning" criteria; liver toxi-
city; occurrence of barotrauma

Outcomes relevant to the review: ventilator-free days up to day 28; hospital mortality; adverse events
(leading to discontinuation of treatment)

Notes Funding/declarations of interest: supported by National Institutes of Health/National Heart, Lung,
and Blood Institute

Study dates: March 1996 to January 1997

Notes:

• we did not include data for ventilator-free days in analysis because study authors reported only me-
dian values

• study was a 2 x 2 design which also included a ventilatory strategy comparison of tidal volumes (6 mL/
kg vs 12 mL/kg), not included in this analysis

• study stopped early because of lack of efficacy; decision made by DSMB

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "The data coordinating center provided assignment using a comput-
er-generated randomization"

KARMA 2000  (Continued)
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Allocation concealment
(selection bias)

Low risk Group allocation was prepared externally. Also, study drugs were prepared ex-
ternally by pharmacist to ensure concealment

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The patients, investigators, study coordinators, and all clinical person-
nel remained blinded to the randomization"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk We assumed outcome assessors were blinded

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk We assumed outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Large number of participants did not receive complete course (main reason
due to hepatic injury), although balanced between groups. No participants
were lost to follow-up. We noted that the study was stopped early, but the de-
cision was made by an independent DSMB

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk All comparable

Other sources of bias Low risk None identified

KARMA 2000  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 36

Inclusion criteria: patients with ALI/ARDS (not described)

Exclusion criteria: no details

Baseline Characteristics

Intervention group (surfactant)

• PaO2/FiO2, mean (SD): 181 (± 91)

Control group (standard therapy)

• PaO2/FiO2, mean (SD): 175 (± 72)

Country: Europe (countries not reported in abstract)

Setting: multicentre

Interventions Intervention group (surfactant)

• Participants: n = 22; losses = 0; analysed = 22

• Details: intratracheal porcine surfactant (HL-10) with 100 to 200 mg/kg of phospholipids; up to 4 doses

Kesecioglu 2001 
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Control group (standard therapy)

• Participants: n = 14; losses = 0; analysed = 14

• Details: not reported

Outcomes Outcomes measured/reported: ventilator-free days; mortality (at day 28)

Outcomes relevant to the review: ventilator-free days up to day 28; mortality (at day 28)

Notes Funding/declarations of interest: funded by Leo Pharmaceutical Products

Study dates: not reported

Note:

• published as abstract only

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as "randomized" but no further details. Abstract only

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding not possible because control is standard therapy

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Unclear risk No details

Other sources of bias Unclear risk Not possible to judge other risks of bias because of insufficient information in
abstract report

Kesecioglu 2001  (Continued)
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Participants Total number of randomized participants: 418

Inclusion criteria: intubated and mechanically-ventilated patients with a diagnosis of ALI/ARDS; < 60
hours from start of mechanical ventilation to first large bolus of surfactant; an expected requirement of
mechanical ventilation of > 24 hours; ≥ 18 years of age

Exclusion criteria: acute bronchial asthma attack or suspected pulmonary thrombo-embolism; lung fi-
brosis; COPD; pneumonectomy or lobectomy; pneumothorax; tracheostomy; GCS ≤ 10 before sedation;
life expectancy < 3 months due to primary disease; known or suspected hypersensitivity to investiga-
tional product

Additional participant information: study authors report the number of participants per group ac-
cording to P/F ratio; these were balanced between groups

Baseline characteristics

Intervention group (surfactant)

• Age, mean (SD): 57.2 (± 15.9) years

• Gender, M/F: 131/77

• APACHE II, mean (SD): 25.7 (± 8.2)

• SOFA, mean (SD): 10.7 (± 3.6)

• LODS, mean (SD): 7.8 (± 2.9)

• PaO2/FiO2, mean (SD): 156.7 (± 54.8) mmHg

• Risk factors, % direct - pneumonia 30.8, aspiration pneumonia 10.6; indirect - sepsis 36.5, shock 7.2,
trauma 3.8; other 11.1

Control group (standard therapy)

• Age, mean (SD): 57.4 (± 15.7) years

• Gender, M/F: 138/72

• APACHE II, mean (SD): 25.2 (± 7.3)

• SOFA, mean (SD): 10.8 (± 3.7)

• LODS, mean (SD): 8.0 (± 3.2)

• PaO2/FiO2, mean (SD): 161.4 (± 55.2) mmHg

• Risk factors, %: direct - pneumonia 29.0, aspiration pneumonia 8.6; indirect - sepsis 41.9, shock 6.2,
trauma 4.3; other 10.0

Country: Austria, Belgium, Canada, Denmark, Finland, France, Germany, Netherlands, Norway, Spain,
Sweden, UK

Setting: multicentre; 67 medical units

Interventions Intervention group (surfactant)

• Participants: n = 208; losses = 0; analysed = 208

• Details: HL-10; freeze-dried natural surfactant isolated from pig lungs; delivered in 100 mL vials con-
taining 3 mg HL-10 dispersed in 60 mL warm saline; 3 boluses at 0 hours, 12 hours and 36 hours; ad-
ministered through endotracheal tube whilst participant turned to 1 side and bolus given to each lung
in turn, during which tidal volumes were temporarily increased

• Additional details: in both groups, use of lower tidal volumes (6 to 8 mL/kg predicted bodyweight)

Control group (standard therapy)

• Participants: n = 210; losses = 0; analysed = 210

• Details: no details

Kesecioglu 2009  (Continued)
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Outcomes Outcomes measured/reported: mortality (at day 28 and at day 180); days alive and out of ICU (at
day 28); changes in PaO2/FiO2 ratio and other lung parameters; change in SOFA score; adverse events

(these were not defined as "serious adverse events" or leading to discontinuation of study medication)

Outcomes relevant to the review: mortality (at day 28 and day 180)

Notes Funding/declarations of interest: funded by LEO Pharma A/S. Sponsor had responsibility for trial de-
sign and interpretation of results

Study dates: January 2003 to May 2004.

Notes:

• study terminated early due to increased mortality in HL-10 group at days 60 and 90 (data not reported
by study authors for these time points); decision reached by Data Monitoring Committee

• discrepancy in mortality in the full report, assumed to be a typo. We have used the data in the text,
not flow-chart, of 60 deaths in the intervention group rather 66 deaths

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Central telephone randomization system

Allocation concealment
(selection bias)

Low risk Quote: "To avoid allocation bias a central telephone randomization procedure
was used"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Quote: "The study could not be performed as a double-blind trial because con-
trol patients could not safely have a placebo instilled"

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 3 participants did not receive treatment in HL-10 group but analysed as ITT.
There are some discrepancies in the number of deaths in the HL-10 group. Fig-
ure 1 in the study report states 66 deaths, the text in study report states 60 par-
ticipants. Study terminated early due to increased trend towards mortality in
the intervention group at days 60 and days 90 (decision made by independent
monitoring board). However, authors do not report data for these time points

Selective outcome report-
ing (reporting bias)

Unclear risk Retrospective clinical trials registration (NCT00742482). Not possible to assess
selective reporting bias against these reports

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other sources of bias identified

Kesecioglu 2009  (Continued)
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Participants Total number of randomized participants: 39

Inclusion criteria: between 18 and 80 years of age; either gender; diagnosed with ARDS within 48
hours of randomization that was associated with infection, sepsis, pneumonia, aspiration, or similar
disease, based on AECC (Bernard 1994); haemodynamically stable in the 4 to 6 hours preceding initia-
tion of treatment: stable pressor requirements; on mechanical ventilation for < 72 hours before dosing
began; and were managed with low tidal volume mechanical ventilation

Exclusion criteria: haemodynamically unstable; positive hepatitis B surface antigen, hepatitis C an-
tibody or HIV antibody; liver disease, or known hepatic or biliary abnormalities; known history of sub-
stance abuse or alcohol abuse

Baseline characteristics

Intervention group (rhACE2)

• Age, mean (SD): 50.6 (± 16.36) years

• Gender, M/F: 13/6

• SOFA, mean (SD): 8.9 (± 2.36)

• GCS, mean (SD): 7.1 (± 3.20)

• PaO2/FiO2, mean (SD): 143.6 (± 0.52) mmHg

• Risk factors: inclusion criteria states "infection, sepsis, pneumonia, aspiration, or similar disease"

Control group (placebo)

• Age, mean (SD): 50.5 (± 15.44) years

• Gender, M/F: 13/7

• SOFA, mean (SD): 7.8 (± 2.79)

• GCS, mean (SD): 8.2 (± 4.47)

• PaO2/FiO2, mean (SD): 160.5 (± 0.52) mmHg

• Risk factors: inclusion criteria states "infection, sepsis, pneumonia, aspiration, or similar disease"

Country: USA and Canada

Setting: multicentre; 10 ICUs

Interventions Intervention group (rhACE2)

• Participants: n = 19; losses = 4 (adverse event = 1; reached protocol-defined stopping criteria = 3);
analysed = 15

• Details: rhACE2 (also called GSK2586881); 0.4 mg/kg infusion twice daily for 3 days; lower tidal vol-
umes used (part of inclusion criteria)

• Additional details: PEEP mean (SD): 10.4 (± 0.34) cmH2O

Control group (placebo)

• Participants: n = 20; losses = 6 (protocol deviation = 1; reached protocol-defined stopping criteria = 4;
withdrew consent = 1); analysed = 14

• Details: placebo; same as intervention group

• Additional details: PEEP mean (SD): 10.4 (± 0.44) cmH2O

Outcomes Outcomes measured/reported: mortality; clinical laboratory tests and immunogenicity; vital signs;
electrocardiograms; adverse events (events possibly related to study drugs; not defined as leading to
discontinuation of study medication)

Outcomes relevant to the review: mortality (follow-up in clinical trials register states follow-up at 7
days)

Notes Funding/declarations of interest: GlaxoSmithKline. Study authors are employees of GlaxoSmithKline

Khan 2017  (Continued)
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Study dates: September 2012 to October 2014

Notes:

• pilot study

• stopped early for futility following planned analysis, based on PaO2/FiO2 values. Study authors do not

report whether decision was taken by an independent monitoring board

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Quote: "Subjects were randomized using a 1:1 allocation." 
Comment: No additional details.

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "double-blind (sponsor unblinded) investigation". 
Comment: All personnel were blinded, except the sponsor.

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Only the sponsor was unblinded

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk Only the sponsor was unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Loss of participants was similar in each group and explained by study authors.
However, losses were high (overall 25% loss). We noted that the study was
stopped early for futility; it was not clear whether this decision was made by an
independent monitoring board, and we noted that the study authors were em-
ployees of a pharmaceutical company

Selective outcome report-
ing (reporting bias)

Low risk Study prospectively registered on clinical trials register (NCT01597635). Out-
comes have been reported according to pre-published registration documents

Baseline characteristics High risk Some differences in baseline characteristics between groups. Higher SOFA
scores and lower P/F ratios in the rhACE2 group may influence outcome data

Other sources of bias Low risk No other sources of bias identified

Khan 2017  (Continued)
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Parallel design

Participants Total number of randomized participants: 40

Inclusion criteria: patients ≥ 18 years of age with ARDS within 48 hours of diagnosis who required intu-
bation and mechanical ventilation; ARDS diagnosed by AECC (Bernard 1994); had an EVLWI ≥ 8 mL/kg
PBW; had a negative pregnancy test (for women of child-bearing potential); and presented with stable
haemodynamics for ≥ 8 hours
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Exclusion criteria: brainstem death; cardiogenic pulmonary oedema; current evidence of septic

shock; neutrophil count < 0.3 × 109 L; immunosuppression (i.e. high-dose steroids: prednisolone > 80
mg/day or hydrocortisone > 300 mg/day, cancer treatment including chemotherapy or biological or im-

munosuppressive therapy for organ transplantation within 2 weeks); BMI < 18.5 or > 35 kg/m2; active
pregnancy; and participation in other interventional trials

Baseline characteristics

Intervention group (AP301)

• Age, mean (SD): 47.6 (± 17.4) years

• Gender, M/F: 14/6

• SOFA, mean (SD): 12.5 (± 3.6)

• PaO2/FiO2, mean (SD): 147 (± 48) mmHg

• Risk factors: direct cause: 12; indirect cause: 8. Causes were: multiple trauma 2; pneumonia 3; sepsis 1;
subarachnoidal haemorrhage 1; respiratory failure following abdominal surgery 3; burn injury > 40%
of body surface 3; perforation of the small intestine or colon 2; cerebral ischaemia 1; other causes 4

• Severity of ARDS: mild 2; moderate 14; severe 4

Control group (placebo)

• Age, mean (SD): 50.2 (± 14.9) years

• Gender, M/F: 12/8

• SOFA, mean (SD): 11.7 (± 3.4)

• PaO2/FiO2, mean (SD): 150 (± 59) mmHg

• Risk factors: direct cause: 12; indirect cause: 8. Causes were: multiple trauma 3; pneumonia 2; sepsis
3; subarachnoidal haemorrhage 2; perforation of the small intestine or colon 1; traumatic brain injury
2; cerebral ischaemia 1; other causes 6

• Severity of ARDS: mild 3; moderate 11; severe 6

Country: Austria

Setting: single-centre; ICU

Interventions Intervention group (AP301)

• Participants: n = 20; losses = 0; analysed = 20

• Details: AP301 (cyclic synthetic peptide); 125 mg in 5 mL clear liquid solution every 12 (± 0.5) hours
for 7 days, using nebulizer

• Additional details: 14 participants in each group received corticosteroids during treatment; data pro-
vided at baseline for PEEP, driving pressure, mean airway pressure. Prone positioning: at baseline: 6
hours; at day 7: 5 hours. ECMO: at baseline: n = 4; at day 7: n = 0; lower tidal volume used

Control group (placebo)

• Participants: n = 20; losses = 1 (withdrew consent for follow-up); analysed = 19

• Details: placebo; 0.9% saline; same volume as intervention group

• Addtional details: prone positioning: at baseline: 5 hours; at day 7: 3 hours. ECMO: at baseline: n = 1;
at day 7: n = 0; lower tidal volume used

Outcomes Outcomes measured/reported: EVLWI; ventilation parameters; blood gas analysis; changes in LIS;
ventilator-free days up to day 28; duration of mechanical ventilation; adverse events (tracheostomy,
anaemia, worsening of existing anaemia, cardiac arrest, fever, thrombopenia, leucocytosis, atrial flut-
ter/fibrillation, pleural effusion; none defined as leading to discontinuation of study medication); mor-
tality (up to day 28)

Outcomes relevant to the review: mortality (at day 28); ventilator-free days up to day 28

Notes Funding/declarations of interest: funded by Apeptico GmbH (Vienna, Austria), Apeptico GmbH pro-
vided the study drug AP301 and all available information on the peptide AP301. Study authors report-

Krenn 2017  (Continued)
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ed receipt of a grant by Apeptico GmbH (Vienna, Austria) to their institution during the conduct of the
study and outside the submitted work, and one author reports receipt of personal fees from this phar-
maceutical company

Study dates: August 2012 to February 2014

Note:

• it was not possible to combine data for ventilator-free days with other studies because data were
reported in median (IQR) values

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk "The randomization method for both strata was block randomization using
random computer-generated permuted blocks with block sizes of one to three
patients."

Allocation concealment
(selection bias)

Low risk "Randomization was performed using separate randomization lists for stra-
ta A and B that were prepared by Bioconsult GmbH (Breitenfurt, Austria) and
known only to the local pharmacy at the Medical University of Vienna where
enrolled patients were assigned to treatment groups, and blinded study drugs
were prepared."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Blinded study. Drugs prepared by external pharmacist in equivalent containers

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Only pharmacist aware of treatment groups

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk Only pharmacist aware of treatment groups

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Low number of losses which were explained

Selective outcome report-
ing (reporting bias)

Low risk Prospective clinical trials registration (NCT01627613). Outcomes reported ac-
cording to registration documents

Baseline characteristics Unclear risk Baseline characteristics reported in detail. Characteristics are mostly compa-
rable, although some differences in number of participants who had received
ECMO at screening; unclear whether this influenced results

Other sources of bias Low risk No other sources of bias identified

Krenn 2017  (Continued)
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Participants Total number of randomized participants: 45

Inclusion criteria: participants with ALI; acute onset of symptoms; PaO2/FiO2 ≤ 300 mmHg regardless

of PEEP level; bilateral CXR infiltrations; pulmonary arterial wedge pressure ≤ 18 mmHg or no clinical
evidence of leO atrial hypertension

Exclusion criteria: participants with ARDS (PaO2/FiO2 ≤ 200 mmHg), > 65 years or < 16 years of age;

chronic lung diseases; heart dysfunction; liver and kidney functions damage; contraindication to pene-
hyclidine hydrochloride

Baseline characteristics

Intervention group (penehyclidine hydrochloride)

• Age, mean: 42.33 years

• Gender, M/F: 16/5

Control group (standard therapy)

• Age, mean: 41.5 years

• Gender, M/F: 18/6

Country: China

Setting: single-centre; hospital

Interventions Intervention group (penehyclidine hydrochloride)

• Participants: n = 21

• Details: penehyclidine hydrochloride; intramuscular injection; 1 mg; every 12 hours; in addition to
conventional treatment

Control group (standard therapy)

• Participants: n = 24

• Details: active treatment of primary disease; respiratory support including oxygen therapy; noninva-
sive ventilation and invasive ventilation; nutritional support and fluid management

Outcomes Outcomes measured/reported: improvement in APACHE II scores; development of ARDS; length of
hospital and ICU stay; arterial blood gases; TLR4 expression on surface of peripheral blood monocytes;
change of serum cytokines

Outcomes relevant to the review: none

Notes Funding/declarations of interest: no details

Study dates: September 2007 to August 2008

Li 2010  (Continued)
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Parallel group

Participants Total number of randomized participants: 26

Inclusion criteria: 18 to 80 years of age; fulfils criteria of ARDS according to the AECC (Bernard 1994);
ARDS diagnosis within 3 days of admission; fulfils CIRCI diagnosis according to Society of Critical Care
Medicine of PLAs Guidelines 2006

Liu 2012 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

77



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Exclusion criteria: pregnant or breastfeeding; malignant disease; using immunosuppressing medica-
tions; history of bone marrow or lung transplant; history of primary or secondary adrenal disease; use
of steroids in previous 3 months; rejects conventional treatment as stated in this study; took part in
clinical trial in prior 30 days of this study

Baseline characteristics

Intervention group (corticosteroids)

• Age, mean (SD): 69.8 (± 14.9) years

• Gender, M/F: 9/3

• APACHE II, mean (SD): 20.7 (± 6.4)

• SOFA, mean (SD): 9.4 (± 3.9)

• Risk factors: chest Infection 5; chest trauma 1; other internal organ injury 3; acute pancreatitis 1; mixed
causes 2

Control group (placebo)

• Age, mean (SD): 55.9 (± 15.3) years

• Gender, M/F: 10/4

• APACHE II, mean (SD): 21.4 (± 7.16)

• SOFA, mean (SD): 9.3 (± 2.1)

• Risk factors: chest Infection 6; chest trauma 1; other internal organ injury 4; acute pancreatitis 2; mixed
causes 1

Country: China

Setting: single-centre

Interventions Intervention group (corticosteroids)

• Participants: n = 12; losses = 0; analysed = 12

• Details: stress dose glucocorticoid; hydrocortisone 100 mg IV 3 times a day for 7 days

• Additional details: lower tidal volume used

Control group (placebo)

• Participants: n = 14; losses = 0; analysed = 14

• Details: normal saline; 0.9% IV 100 mg 3 times a day for 7 days

• Additional details: lower tidal volume used

Outcomes Outcomes measured/reported: APACHE II; SOFA; GCS (pre- and post-treatment); number of venti-
lator-free days (at day 28); number of coma-free days (at day 28); number of coma events (at day 28);
mortality (at day 28); length of ICU stay; arterial blood gas (pretreatment and 7 days after treatment)

Outcomes relevant to the review: number of ventilator-free days (at day 28); mortality (at day 28)

Notes Funding/declarations of interest: Nanjing Technology Development Fund; Jiangsu Medical Develop-
ment Learning Fund

Study dates: June 2009 to December 2011

Note: study reported in Chinese. Data extraction and 'Risk of bias' assessment completed by Dr Henry
HL Wu

Risk of bias

Bias Authors' judgement Support for judgement

Liu 2012  (Continued)
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Sequence generation (se-
lection bias)

Unclear risk Described as randomized but no additional details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other source of bias identified

Liu 2012  (Continued)

 
 

Methods RCT

Parallel group

Participants Total number of randomized participants: 43

Inclusion criteria: > 18 years of age; meets criteria for septic shock according to 2001 SCCM/ESICM/
ACCP/ATS/SIS International Sepsis Definitions Conference (Levy 2003); systemic immune response
present; systolic/diastolic blood pressure 90/40 mmHg or lower; positive blood culture results; meets
criteria of ARDS according to AECC (Bernard 1994)

Exclusion criteria: neurogenic shock; neurovascular injury or head trauma patients; use of other nitric
oxide-related products within 24 hours of inpatient admission; predicted to have high mortality within
24 hours clinically

Baseline characteristics

Intervention group (nitroglycerin)

• Apache II, mean (SD): 24.6 (± 5.8)

• Risk factor: sepsis

Control group (standard therapy)

• Apache II, mean (SD): 23.6 (± 5.6)

• Risk factor: sepsis

Liu 2015 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

79



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Country: China

Setting: single centre

Interventions Intervention group (nitroglycerin)

• Participants: n = 22; losses = 0; analysed = 22

• Details: nitroglycerin plus standard therapy; IV 0.5 – 1.0 mg/hour; to maintain MAP > 65 mmHg

• Additional details: treatment stopped if MAP < 65 mmHg

Control group (standard therapy)

• Participants: n = 21; losses = 0; analysed = 21

• Details: lower tidal volumes used; standard therapy: mechanical ventilation; sputum control chest
physiotherapy; restricted fluids; antibiotic treatment according to national guidelines for ARDS

Outcomes Outcomes measured/reported: haemodynamic measurements; serum inflammatory marker mea-
surements; mortality (at day 28); duration of mechanical ventilation; length of ICU stay; length of hospi-
tal stay

Outcomes relevant to the review: mortality (at day 28); duration of mechanical ventilation

Notes Funding/declarations of interest: First Hospital of Lanzhou University Hospital Fund

Study dates: January 2013 to January 2014

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Investigators used computer randomization

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Control is standard therapy and therefore blinding not possible

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other source of bias identified

Liu 2015  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 65

Inclusion criteria: aged > 18 years of age, septic shock associated with ARDS defined according to
AECC (Bernard 1994)

Exclusion criteria: coagulation-related pathology; allergy to alprostadil; mortality prognosis of < 24
hours from first ARDS presentation

Baseline characteristics

Intervention group (alprostadil)

• Age, mean (SD): 52.0 (± 6.9) years

• Gender, M/F: 19/14

• APACHE II, mean (SD): 26.0 (± 5.2)

Control group (standard therapy)

• Age, mean (SD): 51.0 (± 6.2) years

• Gender, M/F: 18/14

• APACHE II, mean (SD): 27.0 (± 4.5)

Country: China

Setting: multicentre

Interventions Intervention group (alprostadil)

• Participants: n = 33; losses = 0; analysed = 33

• Details: 10 µg twice a day; standard therapy (mechanical ventilation; nutritional support; antibiotics;
fluid support; chest physiotherapy; sputum control). ARDS management algorithm according to the
2006 Chinese Society for Critical Care Medicine Guidelines

Control group (standard therapy)

• Participants: n = 32; losses = 0; analysed = 32

• Details: standard therapy (as above)

Outcomes Outcomes measured/reported: APACHE II scores; ventilator conditions; duration of mechanical venti-
lation; duration of ICU stay; mortality (at day 28; in hospital); immune index; inflammatory markers

Outcomes relevant to the review: mortality (at day 28); duration of mechanical ventilation

Notes Funding/declarations of interest: supported by the Natural Science Foundation of Gansu and First
Hospital of Lanzhou University

Study dates: January 2015 to June 2016

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as "randomized" but no additional details

Liu 2017 
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Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Control is standard therapy and therefore blinding not possible

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other source of bias identified

Liu 2017  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 91

Inclusion criteria: adult intubated patients receiving mechanical ventilation; meeting criteria for ARDS
according to AECC (Bernard 1994) within 72 hours

Exclusion criteria: from online supplementary paper: enrolment in another study; extensive burns; or-
gan transplant recipients; active life-threatening fungal infection; moribund state (not expected to live
> 6 hours); terminal illness with life expectancy < 3 months; positive HIV status; cytotoxic therapy with-
in 3 weeks; malignancy with estimated 6-month mortality > 50%; severe chronic liver disease; pre-hos-
pitalization Karnofsky Performance Status Scale ≤ 50; > 200% of ideal body weight; major gastrointesti-
nal bleeding within last 3 months; underlying disease requiring > 0.5 mg/kg/day of methylprednisolone
equivalent (e.g. asthma); primary care physician not fully committed to aggressive support of patient at
time of randomization

Baseline characteristics

Intervention group (corticosteroids)

• Age, mean (SD): 50.1 (± 15.3) years

• Gender, M/F: 34/29

• APACHE III, mean (SD): 60.2 (± 20.2)

• Comorbidities: sepsis

• Risk factors direct - 44; direct - pneumonia 26, aspiration 13; indirect - sepsis 8; other 16

• LIS, mean (SD): 3.21 (± 0.41)

Meduri 2007 
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• PaO2/FiO2, mean (SD): 118.4 (± 51.2) mmHg

Control group (saline)

• Age, mean (SD): 53.2 (± 15.3) years

• Gender, M/F: 13/15

• APACHE III, mean (SD): 57.9 (± 21.0)

• Comorbidities: sepsis

• Risk factors: direct - pneumonia 12, aspiration 5; indirect - sepsis 7; other 4

• LIS, mean (SD): 3.11 (± 0.41)

• PaO2/FiO2, mean (SD): 125.9 (± 38.6) mmHg

Country: USA

Setting: multicentre; 5 ICUs

Interventions Intervention group (corticosteroids)

• Participants: n = 63 (but 5 protocol violations, and 1 discontinued intervention); no loss to analysis
(use of ITT)

• Details: methylprednisolone; mixed in 240 mL of normal saline and administered daily as an infusion
at 10 mL/hour; loading dose of 1 mg/kg, followed by infusion of 1 mg/kg/day from day 1 to day 14; 0.5
mg/kg/day on days 15 to day 21; 0.25 mg/kg/day on days 22 to day 25; then 0.125 mg/kg/day from
day 26 to day 28

• Additonal details: ventilator management guidelines were initially designed to limit plateau pressure
at ≤ 35 cmH2O and were later changed to conform with the ARDS Network findings (ARDS Network

2000)

Control group (saline)

• Participants: n = 28 (but 3 discontinued intervention); no loss to analysis (use of ITT)

• Details: 240 mL normal saline administered daily as infusion at 10 mL/hour

Outcomes Outcomes measured/reported: LIS; PaO2/FiO2; PEEP; ventilator-free days up to day 28; MODS score;

C-reactive protein level; cortisol level; participants with new infection, VAP, pneumothorax, neuromus-
cular weakness, hyperglycaemia requiring insulin, pancreatitis, or gastrointestinal bleeding requiring
transfusion; survivors (at day 7); duration of mechanical ventilation; length of ICU stay; survivors of ICU
admission; length of hospital stay; survivors of hospital admission

Outcomes relevant to the review: mortality (during hospital stay); ventilator-free days up to day 28

Notes Funding/declarations of interest: supported by Baptist Memorial Health Care Foundation and Assisi
Foundation of Memphis; study authors reported that there were no conflicts of interest

Study dates: April 1997 to April 2002
Notes:

• we noted a long time between completion of study and publication of results in full

• we were unable to combine in analysis data for duration of mechanical ventilation because data were
reported as median (IQR) values

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Use of a random-number generator (2:1 randomization). Information taken
from additional online supplement

Meduri 2007  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: "randomization assignments were provided in sealed envelopes for
each institution, and the pharmacist maintained records on a study log."

Comment: Information taken from additional online supplement

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Some protocol violations and discontinuation of intervention, however all da-
ta analysed as ITT

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Unclear risk Baseline characteristics were largely comparable with the exception of a high-
er proportion of participants with catecholamine-dependent shock in the con-
trol group

Other sources of bias Low risk None identified

Meduri 2007  (Continued)

 
 

Methods RCT

Parallel group

Participants Total number of randomized participants: 60

Inclusion criteria: with ALI/ARDS according to 2012 Berlin definition

Exclusion criteria: refusal of consent (by relatives); < 18 years of age; > 65 years of age; COPD; restric-
tive respiratory insufficiency; pneumonia; increased intracranial pressure; bronchopleural fistula; the
persistence of unstable postsurgical haemodynamics despite appropriate supportive therapy; liver cell
failure (Child‑Pugh Class B or C); end-stage chronic renal failure on haemodialysis; acute myocar-
dial infarction; neuromuscular disease

Baseline characteristics

Intervention group (corticosteroid)

• Age, mean (SD): 57.2 (± 5.4) years

• Gender, M/F: 17/13

• LIS, mean (SD): 2.9 (± 0.9)

• Predisposing cause: multiple trauma 9; sepsis 7; aspiration 5; pancreatitis 4; multiple transfusions 5

Control group (saline)

Mohamed 2017 
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• Age, mean (SD): 59.1 (± 7.3) years

• Gender, M/F: 16/14

• LIS, mean (SD): 2.7 (± 0.8)

• Predisposing cause: multiple trauma 11; sepsis 6; aspiration 4; pancreatitis 5; multiple transfusions 4

Country: Egypt

Setting: single-centre; ICU

Interventions Intervention group (corticosteroid)

• Participants: n = 30; losses = 0; analysed = 30

• Details: nebulized budesonide; 1 mg ampoule used in a pressurized nebulizer connected after the Y-
connection into the endotracheal tube every 12 hours at a fixed time for 3 consecutive days

• Additional details: tidal volume of 6 mL/kg PBW. Not changed during study period; PEEP was set either
5 cmH2O above the lower inflection point or 10 cmH2O in the absence of the lower inflection point;

atracurium (0.3 to 0.6 mg/kg/h) continuously infused

Control group (saline)

• Participants: n = 30; losses = 0; analysed = 30

• Details: nebulized saline solution; same as intervention group

• Additional details: same as intervention group

Outcomes Outcomes measured/reported: cardiorespiratory and ventilator parameters; level of serum inflam-
matory cytokines

Outcomes relevant to the review: relevant outcomes not reported

Notes Funding/declarations of interest: financial support and sponsorship from South Valley University and
Qena University Hospital, Egypt

Study dates: January 2014 to January 2016

Mohamed 2017  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 35

Inclusion criteria: septic shock; requiring mechanical respiratory support due to ARDS within first 3
days from onset of acute respiratory failure

Exclusion criteria: presence of COPD; cardiogenic pulmonary oedema; pregnancy; < 18 years of age; or
presence of a leaking chest tube

Baseline characteristics

Intervention group (levosimendan)

• Age, median (absolute deviation from median): 68 (± 7) years

• Gender, M/F: 14/4

• SAPS II, median (absolute deviation from median): 51 (± 1)

• PaO2/FiO2, mean (SD): 168 (± 19) mmHg

• Risk factors: septic shock (caused by acute abdominal anastomotic leak with peritonitis, pancreatitis,
and extensive bacterial pneumonia)

Morelli 2006 
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Control group (placebo)

• Age, median (absolute deviation from median): 65 (± 8) years

• Gender, M/F: 13/4

• SAPS II, median (absolute deviation from median): 49 (± 10)

• PaO2/FiO2, mean (SD): 181 (± 20) mmHg

• Risk factors: septic shock (caused by acute abdominal anastomotic leak with peritonitis, pancreatitis,
and extensive bacterial pneumonia)

Country: Italy

Setting: single-centre; ICU, university hospital

Interventions Intervention group (levosimendan)

• Participants: n = 18; losses = 0; analysed = 18

• Details: levosimendan; 0.2 µg/kg/min without an initial loading dose

• Additional details: all participants received mechanical ventilation using a volume-controlled mode
with a tidal volume of 6 to 8 mL/kg: a respiratory rate of 14 to 16 cycles/min; an inspiration to expiration
ratio of 1:2

Control group (placebo)

• Participants: n = 17; losses = 0; analysed = 17

• Details: no details

Outcomes Outcomes measured/reported: variables to assess pulmonary vascular resistance and right ventricu-
lar function

Outcomes relevant to the review: relevant outcomes not reported

Notes Funding/declarations of interest: in part, by an independent research grant from the Department of
Anaesthesiology and Intensive Care at the University of Rome; study authors do not disclose any poten-
tial conflicts of interest

Study dates: not reported

Morelli 2006  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 215

Inclusion criteria: meeting criteria for ARDS; informed consent

Exclusion criteria: pregnant or lactating women; < 17 years of age in USA and Canada; < 18 years of
age in other countries; severe chronic lung disease; pulmonary oedema due to congestive heart fail-
ure; ventilator failure due to neurologic disease; presence of an acute myocardial infarction in the past
6 weeks; severe hepatic dysfunction; severe head trauma or stroke; moribund (not expected to live >
24 hours); physician, family, or patient not committed to full medical support; renal failure requiring
dialysis; neutrophil count < 1000 attributed to cancer chemotherapy, leukaemia, lymphoma, or other
haematologic malignancy not in remission; use of prednisone or other glucocorticoid in doses exceed-
ing prednisone 0.5 mg/kg a day for > 2 weeks; primary immune deficiency diseases; known immunod-
eficiency virus positive; metastatic or inoperable solid malignancy; bone marrow transplantation with
past 6 months; use of another investigational drug within 30 days of enrolment; receipt of NAC within
12 hours of study entry; known hypersensitivity to OTZ; enrolment time window has been exceeded

Morris 2008 
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Baseline characteristics

Overall

• Gender, M/F: 125/89

• Age, range: 17 to 88 years; mean (SD): 50 (± 18) years

Intervention group (OTZ)

• APACHE III mean (SD): 53.5 (± 20.6)

• PaO2/FiO2, mean (SD): 114.6 (± 43.5) mmHg

• GCS, mean (SD): 13.2 (± 2.5)

Control group (placebo)

• APACHE III mean (SD): 50.4 (± 18.9)

• PaO2/FiO2, mean (SD): 117.5 (± 44.9) mmHg

• GCS, mean (SD): 13.4 (± 2.5)

Country: USA, Canada, other countries not stated

Setting: multi-centre

Interventions Intervention group (OTZ)

• Participants: n = 101; losses: 1; analysed: 100

• Details: OTZ; 70 mg/kg every 8 hours for 14 days

• Additional details: drug discontinued 48 hours after cessation of mechanical ventilation; study au-
thors declare lack of access to complete database when writing up study report and the possibility of
differences between groups in tidal volumes

Control group (placebo)

• n = 114; no losses

• Details: 5% dextrose; identical in appearance; volume nor length of treatment not stated but assume
as for OTZ

Outcomes Outcomes measured/reported: number of ventilator-free days (for first 30 days); mortality (at day 30);
new onset of organ dysfunction; length of ICU stay; length of hospital stay; adverse events

Outcomes relevant to the review: mortality (at day 30); ventilator-free days up to day 30; adverse
events (leading to discontinuation of study medication)

Notes Funding/declarations of interest: supported by Transcend Therapeutics. 2 authors received grants
from Transcend Therapeutics and from Clintec Technologies; study authors do not disclose any poten-
tial conflicts of interest

Study dates: May 1997 to March 1998

Notes:

• study terminated early due to increase in deaths in intervention group

• we note a 10-year gap between study completion and publication of full report; study authors provide
explanation and justification in report

• we noted a discrepancy between the number of randomized participants and the number of partic-
ipants recorded in the gender distribution; we recorded distribution of participants as reported by
study authors

Risk of bias

Morris 2008  (Continued)
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Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as randomized study but no details reported

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Intervention and placebo are identical in appearance. Study described as dou-
ble-blind, and we have assumed that personnel are blinded

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Study was terminated early. However, all the endpoints seem to have been
analysed

Selective outcome report-
ing (reporting bias)

High risk Clinical trials registration or pre-published protocol not reported. Authors de-
clare that not all study data are reported. Some data held by sponsors, who
chose not to publish the data due to the negative results

Baseline characteristics Unclear risk No baseline characteristics table presented and characteristics were not re-
ported by group

Other sources of bias Unclear risk Length of time between study completion and publication is unusually long,
although explanation presented by study authors. Uneven number of partici-
pants in each group which is not explained

Morris 2008  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 23

Inclusion criteria: with ARDS; required mechanical ventilation; had a PaO2/FiO2 of < 200 mmHg; pul-

monary capillary wedge pressure < 18 mmHg

Exclusion criteria: PaO2/FiO2 > 200 mmHg; leO ventricular failure; presence of regional and global

leO ventricular hypokinesia; leO ventricular fractional area contraction of < 4 under inotropic support;
chronic respiratory failure; chronic renal failure; known allergy to NAC; diabetes mellitus; < 18 years of
age; pregnancy; any medical condition considered to be irreversible or lethal within 48 hours after ICU
admission

Baseline characteristics

Intervention group (NAC)

Najafi 2009 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

88



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Age, mean (SD): 50.56 (± 22.27) years

• Gender, M/F: 6/3

• APACHE II, mean (SD): 21.8 (± 4.48)

• PaO2/FiO2, mean (SD): 195.67 (± 38.50) mmHg

• GCS, mean (SD): 10.33 (± 6.94)

• Risk factors: direct - pneumonia; indirect - multiple trauma; sepsis; peritonitis; uncertain aetiology
(numbers not reported by group)

Control group (standard therapy)

• Age, mean (SD): 45.57 (± 18.28) years

• Gender, M/F: 9/5

• APACHE II, mean (SD): 20 (± 5.7)

• PaO2/FiO2, mean (SD): 183.73 (± 58.93) mmHg

• GCS, mean (SD): 9.35 (± 4.16)

• Risk factors: direct - pneumonia; indirect - multiple trauma; sepsis; peritonitis; uncertain aetiology
(numbers not reported by group)

Country: Iran

Setting: single-centre; ICU

Interventions Intervention group (NAC)

• Participants: n = 9; losses = 0; analysed: 9

• Details: NAC; 150 mg/kg diluted in 5% dextrose; infused over 20 minutes; continued at 50 mg/kg/day

Control group (standard therapy)

• Participants: n = 14; losses = 0; analysed: 14

• Details: standard therapy; no details

Outcomes Outcomes measured/reported: microalbumin creatine ratios; survival (but not reported by group);
PaO2/FiO2; MAP; APACHE II scores

Outcomes relevant to the review: none

Notes Funding/declarations of interest: no details

Study dates: September 2006 to September 2007.

Najafi 2009  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 36

Inclusion criteria: mechanical ventilation; bilateral CXR infiltrates; PaO2/FiO2 ≤ 200 mmHg or ≤ 250

mmHg if PEEP at least 10 cm H2O

Exclusion criteria: duration of ARDS > 24 hours; haemodynamic instability; severe heart or liver dis-
ease; "septic complications during trial"

Baseline characteristics

Intervention group (NAC)

Ortolani 2000 
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• Age, mean (SD): 57 (± 14) years

• Gender, M/F: 6/6

• APACHE II, mean (SD): 27 (± 7)

• LODS, mean (SD): 13.1 (± 2.3)

• Risk factors (number of participants by group was not reported): aspiration pneumonia, shock, pan-
creatitis, chronic lung disease, liver cirrhosis, multiple trauma, fat embolism, cardiac surgery, laparo-
tomy, lung surgery, abdominal surgery

Intervention group (NAC and rutin)

• Age, mean (SD): 56 (± 15) years

• Gender, M/F: 6/6

• APACHE II, mean (SD): 29 (± 8)

• LODS, mean (SD): 12.8 (± 2.1)

• Risk factors (number of participants by group was not reported): see list for NAC intervention group

Control group (placebo)

• Age, mean (SD): 55 (± 13) years

• Gender, M/F: 7/5

• APACHE II, mean (SD): 26 (± 9)

• LODS, mean (SD): 12.5 (± 2.5)

• Risk factors (number of participants byr group was not reported): see list for NAC intervention group

Country: Italy

Setting: 2 centres, ICU

Interventions Intervention group (NAC)

• Participants: n = 12; losses = 0; analysed = 12

• Details: IV NAC; 50 mg/kg every 8 hours; standard care (mechanically ventilated with PEEP when need-
ed; parenteral nutrition including lipids; antibiotics; corticosteroids; volume and inotropic agents; and
other drugs according to primary pathology)

Intervention group (NAC and rutin)

• Participants: n = 12; losses = 0; analysed = 12

• Details: IV NAC; 50 mg/kg every 8 hours and IV rutin, 5 mg/kg every 8 hours; mechanically ventilated;
standard care (as in NAC intervention group)

Control group (placebo)

• Participants: n = 12; losses = 0; analysed = 12

• Details: 250 mL of 5% dextrose in water; standard care (as in intervention groups)

Outcomes Outcomes measured/reported: mortality (at day 30)

Outcomes relevant to the review: mortality (at day 30)

Notes Funding/declarations of interest: no details

Study dates: May 1995 to October 1997

• multi-arm study; in analysis, we combined the NAC group with the NAC + rutin group

Risk of bias

Bias Authors' judgement Support for judgement

Ortolani 2000  (Continued)
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Sequence generation (se-
lection bias)

Unclear risk Participants described as randomly assigned but no further details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Described as not blinded

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Baseline characteristics were comparable

Other sources of bias Low risk None identified

Ortolani 2000  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 132

Inclusion criteria: patients meeting AECC criteria for ALI or ARDS (Bernard 1994)

Exclusion criteria: < 18 years of age; > 7 days had elapsed since onset of ALI/ARDS; evidence of pre-
existing chronic respiratory failure; neutropenic; history of haematologic malignancy or bone marrow
transplantation; entered other therapeutic trial; decision by patient or physician to forego aggressive
care

Baseline characteristics

Intervention group (rhGM-CSF)

• Age, mean (SD): 48.3 (± 13.8) years

• Gender, M/F: 35/29

• APS, mean (SD): 56.6 (±16.1)

• SOFA, mean (SD): 7.8 (± 3.8)

• PaO2/FiO2, mean (SD): 135 (± 57) mmHg

• Risk factors, %: direct - pneumonia 32.3, aspiration 17.7; indirect - primary sepsis 32.3, trauma 8.1,
pancreatitis 4.8, transfusion 1.6, postoperative 1.6; other 1.6

Paine 2012 
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Control group (placebo)

• Age, mean (SD): 48.5 (± 15.6) years

• Gender, M/F: 39/27

• APS, mean (SD): 57.3 (± 16.0)

• SOFA, mean (SD): 8.1 (± 4.0)

• PaO2/FiO2, mean (SD): 127 (± 45) mmHg

• Risk factors: direct - pneumonia 28.8, aspiration 18.2; indirect - primary sepsis 21.2, trauma 10.6, pan-
creatitis 9.1, transfusion 4.6, postoperative 6.1; other 1.5

Country: USA

Setting: multicentre; 3 ICUs

Interventions Intervention group (rhGM-CSF)

• Participants: n = 65; losses = 1; analysed = 64

• Details: 250 µg/m2 rhGM-CSF; slow IV infusion over 4 hours; once daily for 14 days

• Additional details: all participants received standardized ventilator management based on the ARDS
Network low tidal volume protocol (ARDS Network 2000)

Control group (placebo)

• Participants: n = 67; losses = 1; analysed = 66 (1 loss in each group but does not match reason with
group - one died before treatment and after randomization; 1 excluded after starting treatment, due
to meeting exclusion criteria)

• Details: placebo; slow IV infusion over 4 hours; once daily for 14 days

Outcomes Outcomes measured/reported: ventilator-free days (up to day 28); all-cause mortality (at day 28 day
and 6 months); organ failure-free days (within first 28 days); oxygenation index; serious adverse events
(not defined as leading to discontinuation of study medication)

Outcomes relevant to the review: ventilator-free days (up to day 28); all-cause mortality (at day 28
day and 6 months)

Notes Funding/declarations of interest: supported by a specialized Center for Clinical Research award from
the National Heart Lung and Blood Institute. Study drug provided from pharmaceutical company free
of charge but with no involvement in study

Study dates: July 2004 to March 2009

Note:

• stopped for futility due to poor recruitment; decision made by independent DSMB

• We noted a discrepancy between the number of randomized participants and the number of partic-
ipants recorded in the gender distribution; we recorded distribution of participants as reported by
study authors

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "randomized block design at each site, generated by the biostatistics
core"

Allocation concealment
(selection bias)

Low risk Sealed opaque envelopes were used to conceal allocation

Paine 2012  (Continued)

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

92



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The investigators, study coordinators, and clinicians involved in pa-
tient care all were blinded to treatment and outcomes for the duration of the
study."

Comment: Study drug and placebo were identical in appearance.

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk We assumed that outcome assessors were blinded

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk We assumed that outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss of only 1 participant in each group, with reasons presented. Low number
unlikely to influence outcome assessment. We noted the trial was stopped ear-
ly, but this decision was made by an independent monitoring board

Selective outcome report-
ing (reporting bias)

Unclear risk Trial prospectively registered NCT00201409. Additional mortality outcomes
are reported in the final publication which are not listed in the protocol

Baseline characteristics Unclear risk Baseline characteristics were comparable except for MAP which was slightly
yet statistically significantly lower in the placebo group

Other sources of bias Low risk No other sources of bias identified

Paine 2012  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 27

Inclusion criteria: patients with ARDS; mechanically ventilated; start of treatment in first 48 hours

Exclusion criteria: PaO2/FiO2 > 200 mmHg; patients not mechanically ventilated

Baseline characteristics

Intervention group (corticosteroids)

• Gender M/F: 16/2

• Risk factors: not reported

Control group (placebo)

• Gender M/F: 7/2

• Risk factors: not reported

Country: Kuwait

Setting: single-centre; ICU

Interventions Intervention group (corticosteroids)

• Participants: n = 18; losses = 0; analysed = 18

Rezk 2013 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

93



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Details: methylprednisolone mixed in 240 mL normal saline; administered daily at infusion of 10 mL/
hour; loading dose of 1 mg/kg followed by infusion of 1 mg/kg/day on days 1 to 14, 0.5 mg/kg/day
from day 15 to day 21, 0.25 mg/kg/day from day 22 to day 25, 0.125 mg/kg/day from day 26 to day 28

• Additional details: ventilator parameters are reported throughout the study

Control group (placebo)

• Participants: n = 9; losses = 0; analysed = 9

• Details: saline

Outcomes Outcomes measured/reported: respiratory variables; oxygenation variables; haemodynamic vari-
ables; extubation time; mortality (at day 14)

Outcomes relevant to the review: mortality (at day 14)

Notes Funding/declarations of interest: no details

Study dates: October 2011 to October 2012

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

High risk Quote: "we divided the 27 patients with ARDS randomly into two groups"

Comment: Insufficient detail on methods of randomization. We noted an unex-
plained uneven number of participants in each group which could be caused
by possible inadequate randomization methods

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Low risk Appear largely comparable

Other sources of bias Low risk None identified

Rezk 2013  (Continued)
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Parallel design
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Participants Total number of randomized participants: 14

Inclusion criteria: undergone cardiovascular surgery within > 2 hours; cardiopulmonary bypass; devel-
opment of SIRS and ALI

Exclusion criteria: no details

Baseline characteristics

Intervention group (sivelestat)

• Age, mean (SD): 65.2 (± 8.3) years

• Gender, M/F: 5/2

• PaO2/FiO2, mean (SD): 218 (± 33) mmHg

• Risk factor: indirect - all surgical participants

Control group (placebo)

• Age, mean (SD): 58.2 (± 6.1) years

• Gender, M/F: 5/2

• PaO2/FiO2, mean (SD): 287 (± 39) mmHg

• Risk factor: indirect - all surgical participants

Country: Japan

Setting: single-centre; ICU

Interventions Intervention group (sivelestat)

• Participants: n = 7; losses = 0; analysed = 7

• Details: continuous IV infusion of 0.2 mg/kg/h sivelestat; prepared as 300 mg dissolved in 500 ml of
saline

Control group (placebo)

• Participants: n = 7; losses = 0; analysed = 7

• Details: saline; 500 mL; given as IV infusion from admission to ICU until morning of postoperative day 4

Outcomes Outcomes measured/reported: oxygenation and respiratory variables; inflammatory markers; intuba-
tion times (in hours); adverse events (not defined as leading to discontinuation of study medication)

Outcomes relevant to the review: duration of mechanical ventilation

Notes Funding/declaration of interests: no details

Study dates: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as randomized but no details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 

Low risk ICU doctors not informed of group allocation. Description of intervention and
control suggests that both agents were masked

Ryugo 2006  (Continued)
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All outcomes

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trial registration or pre-published protocol not reported and therefore
not feasible to assess risk of reporting bias

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk None identified

Ryugo 2006  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 745

Inclusion criteria: receiving positive-pressure mechanical ventilation through an endotracheal tube;
ratio of PaO2/FiO2 of ≤ 300 mmHg; had bilateral infiltrates on chest radiography consistent with pul-

monary oedema; without evidence of leO atrial hypertension; known or suspected infection; either of

the following criteria for a systemic inflammatory response: a white-cell count of > 12,000/mm3 or <

4000/mm3 or a differential count with > 10% band forms, or a core body temperature of > 38 °C or < 36
°C

Exclusion criteria: ARDS for > 48 hours; chronic conditions that could adversely affect survival; im-
paired weaning from the ventilator; or compromise adherence to the protocol; serum levels of creatine
kinase; aspartate aminotransferase; alanine aminotransferase of > 5 times the upper limit of the nor-
mal range; ingestion of a statin (on an inpatient or outpatient basis) in the 48 hours before randomiza-
tion; inability to obtain consent

Additional participant information: study authors report the number of participants by group ac-
cording to PaO2/FiO2 ratio; these were balanced between groups

Baseline characteristics

Intervention group (statins)

• Age, mean (SD): 54.2 (± 17.1) years

• Gender, M/F: 184/195

• APACHE III, mean (SD): 92.1 (± 28.4)

• Risk factors: pneumonia 267; non-pulmonary infection 72; aspiration 26; other 7; multiple transfu-
sions 3; trauma 2

• PaO2/FiO2, mean (SD): 170 (± 71) mmHg

Control group (placebo)

• Age, mean (SD): 54.1 (± 15.6) years

• Gender, M/F: 181/185

• APACHE II, mean (SD): 94.8 (± 27.9)

SAILS 2014 
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• Risk factors: pneumonia 260; non-pulmonary infection 73; aspiration 23; other 4; multiple transfu-
sions 1; trauma 4

• PaO2/FiO2, mean (SD): 170 (± 67) mmHg

Country: USA

Setting: multicentre; ICUs

Interventions Intervention group (statins)

• Participants: n = 379; 1 lost to follow-up at day 24, but still included with ITT, and 366 treated; analysed
= 379

• Details: rosuvastatin; 40 mg loading dose 4 hours after randomization; followed by daily doses of 20
mg; until third day after discharge from ICU, study day 28, hospital discharge or death, whichever
came first

• Additional details: all participants were given ventilator management and weaning which followed a
modified ARDS Network lower-tidal-volume protocol (ARDS Network 2000)

Control group (placebo)

• Participants: n = 366; 361 treated; analysed = 366

• Details: no details

Outcomes Outcomes measured/reported: mortality (before hospital discharge home or until study day 60); ven-
tilator-free days (up to day 28); ICU-free days (to day 28); organ failure-free days (to day 14); adverse
events (not defined as leading to discontinuation of study medication)

Outcomes relevant to the review: mortality (at day 60); ventilator-free days up to day 28

Notes Funding/declaration of interests: funded by National, Heart, Lung, and Blood Institute; and by As-
traZeneca. AstraZeneca supplied study drugs and resources to measure blood levels but had no role in
study design, conduct, data analysis, or interpretation

Study dates: March 2010 to September 2013

Note:

• early stopping for futility after 745 participants; decision made by independent DSMB

• We noted a discrepancy between the number of participants randomized and the number of partici-
pants recorded in baseline characteristics for risk factors; we have recorded the data as it is reported
by study authors

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Use of permuted blocks

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

SAILS 2014  (Continued)
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Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1 participant lost to follow-up, participants not treated with study drug after
randomization, but all participants included in ITT analysis. We note that this
trial was stopped early and that the decision was reached by an independent
monitoring board

Selective outcome report-
ing (reporting bias)

Low risk Prospectively clinical trials registration NCT00979121. All outcomes reported
(additional adverse outcomes in protocol are reported in online supplemen-
tary appendix)

Baseline characteristics Low risk All comparable

Other sources of bias Low risk No other sources of bias identified

SAILS 2014  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 27

Inclusion criteria: required mechanical ventilation; PaO2/FiO2 ≤ 200 mmHg

Exclusion criteria: PaO2/FiO2 > 200 mmHg; cardiovascular disease; < 18 years of age; pregnancy

Baseline characteristics

Intervention group (NAC)

• Age, mean (SE): 48.81 (± 5.1) years

• APACHE II, mean (SE): 18.3 (± 1)

• PaO2/FiO2, mean (SD): 170.25 mmHg

• Risk factors (reported overall, not by group): direct pneumonia 4; indirect - sepsis 10; multiple trauma
7; uncertain 3

Control group (standard therapy)

• Age, mean (SE): 52.7 (± 7.2) years

• APACHE II, mean (SE): 21.1 (± 2)

• PaO2/FiO2, mean (SD): 128 mmHg

• Risk factors (reported overall, not by group): direct pneumonia 4; indirect - sepsis 10; multiple trauma
7; uncertain 3

Country: Iran

Setting: single-centre; ICU

Interventions Intervention group (NAC)

• Participants: n = 17; losses = 3 (excluded after randomization due to meeting exclusion criteria);
analysed = 14 (baseline characteristics reported for 14)

• Details: NAC; 150 mg/kg diluted in 5% dextrose; infused over 20 minutes on first day; continued at 50
mg/kg/day diluted in 5% dextrose for 3 days

Soltan-Sharifi 2007 
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• Additional details: all participants received mechanical ventilation and intensive care for a similar
length of time

Control group (standard therapy)

• Participants: n = 10; losses = 0; analysed = 10

• Details: standard therapy

Outcomes Outcomes measured/reported: clinical improvement of participants (change to APACHE II scores); in-
tracellular GSH assay; total anti-oxidant power

Outcomes relevant to the review: none

Notes Funding/declarations of interest: grant from Tehran University of Medical Sciences

Study dates: July 2005 to April 2006

Soltan-Sharifi 2007  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 221

Inclusion criteria: patients with ARDS (not described)

Exclusion criteria: unknown

Baseline characteristics No baseline characteristics reported

Country: unknown

Setting: unknown

Interventions Intervention group (surfactant)

• Participants: n = 106; no losses

• Details: intratracheal synthetic surfactant; venticute; containing 1 mg recombinant surfactant protein
C and 50 mg phospholipids/ml; 1 mL/kg up to 4 doses in 12 to 24 hours

Control group (placebo)

• Participants: n = 115; no losses

• Details: sham medication delivery, no additional details

Outcomes Outcomes measured/reported: mortality (at day 28); ventilator-free days up to day 28

Outcomes relevant to the review: mortality (at day 28); ventilator-free days up to day 28

Notes Funding/declarations of interest: unknown

Study dates: unknown

Notes

• Data from Spragg 2002a (North American trial) and Spragg 2002b (European/South African trial) are
presented in the same abstract; neither trial has been published in full

• We were unable to access the original paper during this review and therefore have used only the data
available in Adhikari 2004

Spragg 2002a 
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Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Unknown. Information taken from original review in which full 'Risk of bias' as-
sessment was not completed (Adhikari 2004). Original study reported only as
an abstract

Allocation concealment
(selection bias)

Unclear risk No details. Information taken from original review (Adhikari 2004).

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Unknown

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Unknown. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk Unknown

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No losses. Information taken from original review (Adhikari 2004)

Selective outcome report-
ing (reporting bias)

Unclear risk Unknown

Baseline characteristics Unclear risk Unknown

Other sources of bias Unclear risk Unknown

Spragg 2002a  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 227

Inclusion criteria: patients with ARDS

Exclusion criteria: unknown

Baseline characteristics

Unknown

Country: unknown

Setting: unknown

Interventions Intervention group (surfactant)

• Participants: n = 118; losses = 1; analysed = 117

Spragg 2002b 
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• Details: intratracheal synthetic surfactant; venticute; containing 1 mg recombinant surfactant protein
C and 50 mg phospholipids/ml; 1 mL/kg up to 4 doses in 12 to 24 hours

• Additional details: lung protective ventilation "encouraged"

Control group (placebo)

• Participants: n = 109; losses = 1; analysed = 108

• Details: sham medication delivery, no additional details

Outcomes Outcomes measured/reported: mortality (at day 28); ventilator-free days (to day 28)

Outcomes relevant to the review: mortality (at day 28); ventilator-free days (to day 28)

Notes Funding/declarations of interest: unknown

Study dates: unknown

Note:

• Data from Spragg 2002a (North American trial) and Spragg 2002b (European/South African trial) are
presented in the same abstract. Neither trial has been published in full

• We were unable to access the original paper during this review and therefore have used only the data
available in Adhikari 2004

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Unknown. Information taken from original review in which full 'Risk of bias' as-
sessment was not completed (Adhikari 2004). Original study reported only as
an abstract

Allocation concealment
(selection bias)

Unclear risk Unknown

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Unknown

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Unknown. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk Unknown

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 1 loss reported in each group

Selective outcome report-
ing (reporting bias)

Unclear risk Unknown

Baseline characteristics Unclear risk Unknown

Other sources of bias Unclear risk Unknown

Spragg 2002b  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 40

Inclusion criteria: risk factor for ARDS; AECC definition of ARDS (Bernard 1994); duration of ARDS not >
48 hours; PEEP of ≥ 5 cmH20; ≥ 48 hours of antimicrobial therapy if pneumonia present

Exclusion criteria: haemodynamic instability; severe hypoxaemia; lung cancer; AIDS

Baseline characteristics

Intervention group (surfactant - high dose)

• Age, mean (SEM): 59 (± 5) years

• Gender, M/F: 8/7

• APACHE II, mean (SEM): 10.2 (± 1.2)

• Risk factors: burn: 0; trauma/surgery 4; polytransfusion 1; aspiration 4; sepsis syndrome 4; pancreatitis
1; pneumonia 5

• PaO2/FiO2, mean (SD): 133.6 (± 8.9) mmHg

Intervention group (surfactant - low dose)

• Age, mean (SEM): 52 (± 5) years

• Gender, M/F: 4/8

• APACHE II, mean (SEM): 10.1 (± 1.7)

• Risk factors: burn 0; trauma/surgery 2; polytransfusion 0; aspiration 1; sepsis syndrome 5; pancreatitis
1; pneumonia 9

• PaO2/FiO2, mean (SD): 113.9 (± 8.3) mmHg

Control group (standard therapy)

• Age, mean (SEM): 51 (± 5) years

• Gender, M/F: 5/8

• APACHE II, mean (SEM): 10.9 (± 1.1)

• Risk factors: burn 1; trauma/surgery 1; polytransfusion 0; aspiration 2; sepsis syndrome 7; pancreatitis
0; pneumonia 6

• PaO2/FiO2, mean (SD): 120.9 (± 6.5) mmHg

Country: USA

Setting: multicentre; 11 centres

Interventions Intervention group (surfactant - high dose)

• Participants: n = 15; losses = 0; analysed = 15

• Details: 1 mL/kg of rSP-C surfactant, venticute (containing 1 mg of rSP-C plus 50 mg of phospholipid)
up to 4 times in 24 hours

• Additional details: mean tidal volumes per kilogram body weight and end respiratory plateau pres-
sures during the first 120 hours after treatment were examined; no significant differences among
groups were detected

Intervention group (surfactant - low dose)

• Participants: n = 12; losses = 0; analysed = 12

• Details: 0.5 mL/kg of rSP-C surfactant, venticute (containing 1 mg of rSP-C plus 50 mg of phospholipid)
up to 4 times in 24 hours

Spragg 2003 
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Control group (standard therapy)

• Participants: n = 13; losses = 0; analysed = 13

• Details: standard therapy

Outcomes Outcomes measured/reported: mortality (at day 28); ventilator-free days; adverse events; safety data

Outcomes relevant to the review: mortality (at day 28); ventilator-free days up to day 28; adverse
events

Notes Funding/declarations of interest: supported by ATLANTA Pharma AG. Analytic efforts supported in by
part by grant from National Heart, Lung, and Blood Institute

Study dates: not reported

Notes:

• we could not combine data for ventilator-free days up to day 28 in analysis because data were reported
as median (IQR) values

• we combined data from both high- and low-dose surfactant groups in primary analysis of early all-
cause mortality

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as randomized. No additional details.

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Control is standard treatment and therefore blinding not possible

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Unclear risk Largely comparable, although participants in control group have a shorter
time from diagnosis to treatment

Other sources of bias Low risk None identified

Spragg 2003  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 63

Inclusion criteria: moderate to severe ARDS; endotracheally intubated; had a PaO2/FiO2 < 27 kPa; me-

chanically ventilated with ≥ 8 cm H2O PEEP; had bilateral pulmonary infiltrates consistent with pul-

monary oedema on chest radiographs; had no clinical evidence of leO-heart failure or volume overload
as the primary cause of the pulmonary oedema. A protocol amendment was made to allow enrolment

of patients with PEEP of 5 cm H2O if they had evidence of barotrauma

Exclusion criteria: < 18 years of age; ARDS present for more than 96 hours; pregnancy or breastfeed-
ing; being an inmate in the prison system; having received treatment for cancer in the past 2 years (ex-
cept non-melanoma skin cancer); having an underlying medical status with life expectancy < 6 months;
moderate to severe liver disease (Child-Pugh score > 12); severe chronic lung disease with the use of
home oxygen; or partial arterial pressure of carbon dioxide > 7 kPa; not being committed to full support
(i.e. had 'do not resuscitate' or limit on life support orders)

Baseline characteristics

Intervention group (MSC)

• Age, mean (SD): 55 (± 17) years

• Gender, M/F: 23/17

• Apache III, mean (SD): 104 (± 31)

• SOFA, mean (SD): 8.1 (± 3.3)

• Risk factors: sepsis with pneumonia 19; sepsis without pneumonia 5; pneumonia without sepsis 11;
aspiration only 4; other 1

• PaO2/FiO2, mean (SD): 18.1 (± 4.3) kPa

• LIS, mean (SD): 3.1 (± 0.4)

Control group (placebo)

• Age, mean (SD): 55 (± 20) years

• Gender, M/F: 10/10

• Apache III, mean (SD): 89 (± 33)

• SOFA, mean (SD): 6.9 (± 2.7)

• Risk factors: sepsis with pneumonia 12; sepsis without pneumonia 2; pneumonia without sepsis 5;
aspiration only 1; other 0

• PaO2/FiO2, mean (SD): 19.1 (± 5.2) kPa

• LIS, mean (SD): 3.0 (± 0.5)

Country: USA

Setting: multicentre; 5 ICUs

Interventions Intervention group (MSC)

• Participants: n = 43; losses = 3 (2 did not meet baseline stability criteria; 1 had PaO2/FiO2 > 27 kPa);

analysed = 40

• Details: allogeneic MSC derived from bone marrow; by infusion, total volume 100 mL

• Addtitional details: "All patients were ventilated according to the modified ARDS Network lower tidal
volume protocol" (ARDS Network 2000); mean baseline of airway pressure and PEEP levels given (all
within ICS guidelines; FICM/ICS Guideline Development Group 2018)

Control group (placebo)

• Participants: n = 20; losses = 0; analysed = 20

START 2018 
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• Details: placebo; same as intervention group

Outcomes Outcomes measured/reported: safety of the MSC infusion (assessed with prespecified infusion-as-
sociated adverse events focused on acute haemodynamic or respiratory compromise; not defined as
leading to discontinuation of study medication); all-cause mortality (at day 28 and day 60); number of
ventilator-free days (to day 28); duration of ventilation in participants (at day 28), number of ICU-free
days (to day 28), number of days free from organ failure (to day 28); SOFA score

Outcomes relevant to the review: mortality (at day 60); duration of mechanical ventilation; ventila-
tor-free days up to day 28

Notes Funding/declarations of interest: funded by National Heart, Lung, and Blood Institute. The funder
had no role in the study design, data collection, data analysis, data interpretation, or writing of the re-
port. Authors report receipt of grants and personnel fees from some pharmaceutical companies

Study dates: March 2014 to Feb 2017

Note:

• we could not combine data for ventilator-free days and duration of mechanical ventilation in survivors
up to day 28 in analysis because data were reported as median (IQR) values

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "The randomisation had a variable block design, was stratified by site,
and the sequence was generated by computer."

Allocation concealment
(selection bias)

Low risk Quote: "The allocation sequence could be accessed by each cell laborato-
ry through a dedicated website" Personnel in the cell laboratories were not
masked, but patients, clinical staI, and investigators were unaware of treat-
ment assignment."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Study products and intravenous tubing had opaque coverings applied
in the cell laboratories."

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Outcome assessors blinded to group allocation

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk Oucome assessors blinded to group allocation

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss of only 3 participants (in the MSC group)

Selective outcome report-
ing (reporting bias)

Low risk Prospective clinical trials registration (NCT02097641). Outcomes reported ac-
cording to registration documents

Baseline characteristics High risk Some baseline differences (APACHE III and SOFA scores) were higher in the
MSC group, as were respiratory parameters (min ventilation and PEEP)

Other sources of bias Low risk No other sources of bias identified

START 2018  (Continued)
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Methods RCT

Parallel design

Participants Total number of randomized participants: 180

Inclusion criteria: intubated and receiving mechanical ventilation; 7 to 28 days after onset of ARDS; on
day of study entry PaO2/FiO2 had to be < 200 mmHg

Exclusion criteria: undrained abscess; intravascular infection; disseminated fungal infection; new
nosocomial pneumonia with < 72 hours of antibiotics; ongoing septic shock; < 13 years of age; partici-
pation in other trials within 30 days; pregnancy; burns requiring skin grafting; AIDS; treatment with cor-
ticosteroids (> 300 mg prednisone (or its equivalent) cumulative dose within 21 days or > 15 mg/day
within 7 days prior to enrolment); cytotoxic therapy within 3 weeks; pre-existing condition with esti-
mated 6-month mortality > 50%; severe chronic respiratory disease; bone marrow or lung transplanta-
tion; severe chronic liver disease; known or suspected adrenal insufficiency; vasculitis or diffuse alveo-
lar haemorrhage; or refusal of the attending physician

Baseline characteristics

Intervention group (corticosteroid)

• Age, mean (SD): 49.0 (± 19.0) years

• Gender, M/F: 36/53

• APACHE III, mean (SD): 87.6 (± 27.5)

• GCS, mean (SD): 8.4 (± 4.5)

• LIS, mean (SD): 3.3 (± 0.9)

• PaO2/FiO2, mean (SD): 126 (± 42) mmHg

• Risk factors, %: direct 54; indirect 46; trauma 12; sepsis 21; multiple transfusions 1; aspiration 16;
pneumonia 38; other 11

Control group (D5W)

• Age, mean (SD): 49.2 (± 16.5) years

• Gender, M/F: 53/38

• APACHE III, mean (SD): 84.6 (± 29.4)

• GCS, mean (SD): 8.8 (± 4.5)

• LIS, mean (SD): 3.0 (± 1.1)

• PaO2/FiO2, mean (SD): 126 (± 40) mmHg

• Risk factors, %: direct 56; indirect 44; trauma 13; sepsis 19; multiple transfusions 1; aspiration 18;
pneumonia 39; other 11

Country: USA

Setting: multicentre; 25 ICUs

Interventions Intervention group (corticosteroid)

• Participants: n = 89; losses = 0; analysed = 89

• Details: methylprednisolone sodium succinate diluted in 50 mL of 5% dextrose in water; single IV dose
of 2 mg/kg of PBW; followed by 0.5 mg/kg of PBW every 6 hours for 14 days; then dose of 0.5 mg/kg
of PBW every 12 hours for 7 days, then tapering of dose

• Additional details: participants who were enrolled before the study authors' tidal volume study was
completed (ARDS Network 2000) had a mean (SD) baseline tidal volume of 9.2 (± 2.6) mL/kg of PBW as
compared with a value of 6.8 (± 1.6) mL/kg of PBW among those enrolled after April 1999 (P < 0.001)

Control group (D5W)

Steinberg 2006 
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• Participants: n = 91; losses = 0; analysed = 91

• Details: 50 ml of 5% dextrose in water

Outcomes Outcomes measured/reported: mortality (at day 60); number of ventilator-free days (at day 28), num-
ber of days without organ failure; infectious complications and changes in marker of inflammation and
fibroproliferation (on study day 7); serious adverse events associated with myopathy or neuropathy
(not defined as leading to discontinuation of study medication); suspected or probable pneumonia; se-
rious infections; post hoc analysis at 180 days to include mortality

Outcomes relevant to the review: mortality (at day 60); mortality (at day 180); number of ventila-
tor-free days (at day 28)

Notes Funding/declaration of interest: National Heart, Lung, and Blood Institute

Study dates: August 1997 to November 2003

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "Patients were randomly assigned with the use of permuted blocks"

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Insufficient information for both mortality time points. However, we did not
expect blinding of outcome assessors to influence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Retrospective clinical trials registration NCT00295269. Not feasible to assess
outcomes against clinical trials document. Post hoc analysis of participant out-
come data at day 180

Baseline characteristics Low risk Largely comparable. More men in the placebo group but unlikely to influence
outcome data

Other sources of bias Low risk None identified

Steinberg 2006  (Continued)
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Parallel design

Participants Total number of randomized participants: 492

Inclusion criteria: ≥ 18 years of age with ALI on invasive mechanical ventilation for < 48 hours; ALI de-
fined using AECC definition; must have had a PaO2/FiO2 of ≤ 300 mmHg on invasive mechanical venti-

lation regardless of the level of PEEP; no clinical evidence of congestive heart failure; and bilateral pul-
monary infiltrates not explained by effusions, masses, or atelectasis

Exclusion criteria: moribund and not expected to survive ≥ 24 hours or whose family or physician were
not committed to aggressive support for ≥ 72 hours; severe pre-existing heart, liver, or lung disease and
those with uncontrolled malignancies

Baseline characteristics

Intervention group (sivelestat)

• Age, mean (SD): 56.2 (± 17.2) years

• Gender, M/F: 144/97

• APACHE II, mean (SD): 21.1 (± 7.2)

• Risk factors: pulmonary 105; extrapulmonary 43; aspiration 24; pancreatitis 17; thoracic trauma 19;
multiple transfusion 9; non-thoracic trauma 9; toxic inhalation 6; other 9

• PaO2/FiO2, mean (SD): 150.7 (± 59) mmHg

Control group (placebo)

• Age, mean (SD): 55.8 (± 17.5) years

• Gender, M/F: 135/111

• APACHE II, mean (SD): 20.5 (± 6.8)

• Risk factors: pulmonary 102; extrapulmonary 35; aspiration 35; pancreatitis 18; thoracic trauma 17;
multiple transfusion 12; non-thoracic trauma 8; toxic inhalation 2; other 17

• PaO2/FiO2, mean (SD): 146.7 (± 57.1) mmHg

Country: USA, Canada, Belgium, Spain, Australia, New Zealand

Setting: multicentre; 105 ICUs

Interventions Intervention group (sivelestat)

• Paticipants: n = 245; losses = 4 (1 died, 3 did not meet inclusion criteria); loss to follow-up at 90 days =
6; loss to follow-up at 180 days = 10; use of ITT analysis; analysed = 241

• Details: sivelestat; 82 mg vial reconstituted with saline; given IV at a constant rate of infusion for du-
ration of mechanical ventilation for maximum of 14 days

• Additional details: ventilator management for all participants followed the low tidal volume ventilator
protocol designed by the ARDS Network (ARDS Network 2000)

Control group (placebo)

• Participants: n = 247; losses = 1 (participant died); loss to follow-up at 90 days = 2; loss to follow-up at
180 days = 5; use of ITT analysis; analysed = 246

• Details: sterile 0.9% sodium chloride

Outcomes Outcomes measured/reported: ventilator-free days (at day 28); mortality (at day 28; also reported
at day 90 and 180); circulatory, renal, hepatic and coagulation failure-free days; ICU- and hospital-free
days; adverse events (not defined as leading to discontinuation of study medication)

Outcomes relevant to the review: mortality (at day 90, and at day 180); ventilator-free days up to day
28

STRIVE 2004  (Continued)
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Notes Funding/declaration of interests: Eli Lilly and Company. Study authors include 3 employees from
pharmaceutical company

Study dates: August 2001 to January 2003

Notes:

• early stopping at day 28 because of negative trend in long-term mortality; decision made by indepen-
dent DSMB. Study authors reported follow-up data for all recruited participants up to day 180

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Use of central randomization source

Allocation concealment
(selection bias)

Low risk Unblinded pharmacist obtained individual participant treatment group and
prepared drugs in masked bags for clinicians

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Study drugs concealed in sealed opaque bags, prepared by pharmacist

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Some loss-to-follow up in analysis at 90 and 180 days. ITT analysis completed.
We noted that the trial was stopped early, at 28 days. However, this decision
was made by the DSMB and we did not expect that this introduced bias

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement

Baseline characteristics Unclear risk All comparable, except interleukin-6 which had a higher level in the placebo
group; unclear whether this may influence outcome results

Other sources of bias Low risk No other sources of bias identified

STRIVE 2004  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 206

Inclusion criteria: ≥ 18 years of age; with severe sepsis or septic shock; receiving mechanical ventila-
tion for hypoxaemic respiratory failure; within 12 hours of study entry; meeting the diagnostic criteria
for ALI/ARDS according to the AECC definition (Bernard 1994)

Tongyoo 2016 
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Exclusion criteria: moribund state (i.e. not expected to live > 24 hours); advanced malignancy with life
expectancy < 6 months; pregnancy; immunosuppressive therapy; underlying disease requiring long-
term glucocorticoid treatment within the last 6 months or short-term glucocorticoid treatment within
the past 4 weeks; difficult-to-control diabetes

Baseline characteristics

Intervention group (corticosteroid)

• Age, mean (SD): 64.5 (± 17.3) years

• Gender, M/F: 50/48

• Apache II, mean (SD): 21.7 (± 5.7)

• SOFA, mean (SD): 10.9 (± 3.5)

• LIS, mean (SD): 2.2 (± 0.9)

• Predisposing cause, %: pneumonia 49; urinary tract infection 18; skin and soO tissue infection 15; in-
tra-abdominal infection 15; haemoculture-positive 28

• Comorbidities: hypertension 44; diabetes mellitus 45; coronary artery disease 18; stroke 21; chronic
kidney disease 12; chronic lung disease 11; cancer and/or immunosuppression 18

• PaO2/FiO2, mean (SE): 175.4 (± 6.9) mmHg

Control group (placebo)

• Age, mean (SD): 64.3 (± 16.0) years

• Gender, M/F: 51/48

• Apache II, mean (SD): 21.9 (± 5.7)

• SOFA, mean (SD): 10.8 (± 3.6)

• LIS, mean (SD): 2.2 (± 1.0)

• Predisposing cause, %: pneumonia 51; urinary tract infection 19; skin and soO tissue infection 12; in-
tra-abdominal infection 7; haemoculture-positive 28

• Comorbidities: hypertension: 43; diabetes mellitus: 37; coronary artery disease: 17; stroke: 14; chronic
kidney disease: 12; chronic lung disease: 11; cancer and/or immunosuppression: 2

• PaO2/FiO2, mean (SE): 172.4 (± 6.7) mmHg

Country: Thailand

Setting: single centre; ICU

Interventions Intervention group (corticosteroid)

• Participants: n = 104; losses = 6 (withdrew consent); analysed = 98

• Details: hydrocortisone; IV bolus, 50 mg in 10 mL of normal saline, every 6 hours for 7 days

• Additional details: "clinicians asked to comply with the ARDS Network guidelines on low tidal vol-
ume and positive end-expiratory pressure" (ARDS Network 2000); "fluid resuscitation and vasopressor
treatment were administered according to the Surviving Sepsis Campaign guidelines" (Dellinger 2008)

Control group (placebo)

• Participants: n = 102; losses = 3 (withdrew consent); analysed = 99

• Details: placebo; same as intervention group

• Additional details: same as intervention group

Outcomes Outcomes measured/reported: mortality (at day 28 and 60); duration of mechanical ventilation (up to
day 28); ventilator-free days (up to day 28); duration of vasopressor treatment; renal replacement ther-
apy; duration of renal replacement therapy dependence; alive on day 28 without organ support; organ
support-free days (up to day 28); adverse events (nosocomial infection, lung infection, catheter-relat-
ed BSI, UTI, other nosocomial infection, hyperglycaemia, new-onset AF, reintubation within 28 days, GI
bleeding) - adverse events not defined as leading to discontinuation of study medication

Tongyoo 2016  (Continued)
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Outcomes relevant to the review: duration of mechanical ventilation (up to day 28); number of venti-
lator-free days; mortality (at 60 days); adverse events

Notes Funding/declarations of interest: supported by Siriraj critical care research funding

Study dates: December 2010 to December 2014

Note:

• study reports that lower tidal volumes were not used in some participants - > 8 mL/kg of PBW: 35/98
in intervention group; 41/99 in control group

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Quote: "Patients were randomly assigned without restriction in a 1:1 ratio (hy-
drocortisone to placebo) according to a computer-generated randomization
table."

Allocation concealment
(selection bias)

Low risk Principal investigator was responsible for randomization, and had no involve-
ment in participant care

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Research nurse not otherwise involved in the study prepared both the
study drug and placebo."

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk We assumed that outcome assessors were blinded

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Low risk We assumed that outcome assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Loss of < 10% participants because of withdrawal of consent during treatment.
Balanced between groups

Selective outcome report-
ing (reporting bias)

High risk Clinical trials registration completed in the month following start of recruit-
ment (NCT01284452). Additional outcomes are reported which are not listed
in clinical trials register (mortality at longer time point, duration of mechanical
ventilation up to 28 days, adverse outcomes). It is unclear whether this has in-
troduced selective outcome reporting

Baseline characteristics Low risk Baseline characteristics appear to be comparable

Other sources of bias Low risk No other source of bias identified

Tongyoo 2016  (Continued)
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Parallel design

Participants Total number of randomized participants: 16

Tsangaris 2007 
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Inclusion criteria: ventilated patients with blunt chest trauma at ARDS; severe hypoxaemia (PaO2/FiO2

< 150 mmHg 24 to 48 hours after initiation of mechanical ventilation); intact heart function; lung contu-
sions manifested as areas of non-aerated lung parenchyma on computed tomography.

Exclusion criteria: high intracranial pressure or need for neurosurgical intervention, or both; haemo-
dynamic instability; massive transfusion ( > 4 blood units); massive haemoptysis and tracheobronchial
tree rupture

Baseline characteristics

Intervention group (surfactant)

• Age, mean (SD): 42 (± 17) years

• APACHE II, mean: 15 (± 3)

• LIS, mean (SD: 2.6 (± 0.2)

• PaO2/FiO2, mean (SD): 100 (± 20) mmHg

• Risk factor: blunt chest trauma

Control group (standard therapy)

• Age, mean (SD): 44 (± 16) years

• APACHE II, mean (SD): 16 (± 4)

• LIS, mean (SD): 2.4 (± 0.2)

• PaO2/FiO2, mean (SD): 103 (± 14) mmHg

• Risk factor: blunt chest trauma

Country: Greece

Setting: single centre; ICU

Interventions Intervention group (surfactant)

• Participants: n = 8; losses = 0; analysed = 8

• Details: natural bovine surfactant (alveofact) administered by repeat bronchoscopy; surfactant was
instilled in any of the non-aerated 19 segments (10 right, 9 leO); each segmental bronchus received
(200/19) mg/kg body weight

• Additional details: all participants were ventilated with a tidal volume of 6 to 7 mL/kg and PEEP set
above the lower inflection point

Control group (standard therapy)

• Participants: n = 8; losses = 0; analysed = 8

• Details: no treatment

Outcomes Outcomes measured/reported: oxygenation and compliance; response to recruitment; changes in
ventilator parameters; duration of mechanical ventilation; adverse events (to include desaturation, hy-
potension and arrhythmias), and mortality (at day 28). Events were not described as "serious adverse
events" and were not reported as leading to discontinuation of study medication), pulmonary compli-
cations and undesired effects

Outcomes relevant to the review: mortality (at day 28); duration of mechanical ventilation

Notes Funding/declaration of interests: no details

Study dates: no details (preliminary results presented at annual congress of ESICM in 2005)

Risk of bias

Bias Authors' judgement Support for judgement

Tsangaris 2007  (Continued)
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Sequence generation (se-
lection bias)

Low risk Computer-generated list

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible due to procedure required to administer surfactant and lack of
placebo or control agent

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

High risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make judgement. Outcomes reported briefly in study report,
e.g. insufficient detail reported on adverse effects

Baseline characteristics Unclear risk Mainly comparable. Statistically significant difference noted in end-inspiratory
pressure, but we could not be certain whether this would influence outcome
data

Other sources of bias Low risk No other sources identified

Tsangaris 2007  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of participants randomized: 102

Included criteria: AECC definition for ARDS (Bernard 1994); duration of ARDS < 24 hours

Excluded criteria: recent MI; chronic congestive heart failure; liver or renal failure; pneumonectomy;
neurogenic pulmonary oedema; neutropenia

Baseline characteristics

Intervention group (PGE1)

• Age, mean (SD): 50 (± 19) years

• Gender, M/F: 47/23

• SAPS II, mean (SD): 45.7 (± 16.3)

• Risk factors, %: direct - aspiration 16, diffuse pulmonary infection 18, near drowning 2, lung contusion
10, other 4; indirect - sepsis 33, severed non-thoracic trauma 8, hypertransfusion for emergency re-
suscitation 4, cardiopulmonary bypass 1, other 11

Vincent 2001 
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Control group (D5W)

• Age, mean (SD): 56 (± 18) years

• Gender, M/F: 22/10

• SAPS II, mean (SD): 45.4 (± 13.5)

• Risk factors, %: direct - aspiration 4, diffuse pulmonary infection 11, near drowning 0, lung contusion
4, other 3; indirect - sepsis 11, severed non-thoracic trauma 3, hypertransfusion for emergency resus-
citation 3, cardiopulmonary bypass 1, other 6

Country: Belgium, France, Germany, Switzerland, Netherlands, UK

Setting: multicentre; 31 hospitals

Interventions Intervention group (PGE1)

• Participants: n = 70; losses = 0; analysed = 70

• Details: IV liposomal prostaglandin E1 (TLC C-53); dose titrated to 1.8 mcg/kg every 6 hours; (7.2 mcg/

kg/day) for 7 days

• Additional details: participants received standard care "with no special guidelines regarding ventila-
tory, vasopressor or fluid strategies". Use of nitric oxide allowed after completion of second infusion
of study drug

Control group (D5W)

• Participants: n = 32; losses = 0; analysed = 32

• Details: equivalent volume to PGE1 of D5W for injection

Outcomes Outcomes measured/reported: mortality (at day 28); duration of ventilation; adverse events (not de-
fined as leading to discontinuation of study medication)

Outcomes relevant to the review: mortality (at day 28); duration of ventilation

Notes Funding/declarations of interest: no details

Study dates: not reported
Notes:

• study terminated early due to failure to meet endpoints; study authors do not report whether decision
was made by an independent monitoring committee

• we could not calculate effect estimates for duration of mechanical ventilation because it was unclear
if reported data were mean or median values

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as randomized (2:1 ratio) but no additional details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Vincent 2001  (Continued)
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Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Large number of participants did not complete the trial and reasons are pro-
vided by group. Baseline characteristics reported for number of participants
initially randomized, it is unclear if outcome data include all participants. In
addition, we noted that the study was terminated early and study authors do
not report whether this decision was made by an independent monitoring
board

Selective outcome report-
ing (reporting bias)

Unclear risk Clinical trials registration or pre-published protocol not reported. Insufficient
information to make a judgement

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk None identified

Vincent 2001  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 26

Inclusion criteria: ARDS, not further described

Exclusion criteria: no details

Baseline characteristics

Intervention group (surfactant) No baseline characteristics reported

Control group (standard therapy) No baseline characteristics reported

Country: Europe (countries not specified) and South Africa

Setting: multicentre

Interventions Intervention group (surfactant)

• Participants: n = 14; no apparent losses in this group (see note for other venticute study group, not
reported in this review); analysed = 14

• Details: intratracheal synthetic surfactant; venticute; containing 1 mg recombinant surfactant protein
C and 50 mg phospholipids/mL; 1 mL/kg up to 4 doses in 24 hours

Control group (standard therapy)

• Participants: n = 12; no apparent losses; analysed = 12

• Details: no details

Outcomes Outcomes measured/reported: mortality; ventilator-free days up to day 28

Walmrath 2000 
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Outcomes relevant to the review: mortality (time point not reported); ventilator-free days up to day
28

Notes Funding/declarations of interest: supported by Byk Gulden, Konstanz, Germany

Study dates: not reported

Notes:

• published only as abstract

• additional study arm includes a higher dose of venticute, but outcome data not reported for this arm
and therefore not included in this review

• we could not combine outcome data for ventilator-free days up to day 28 because data reported as
mean (median) values without SD

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Participants randomized; no additional details. Abstract only

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Intervention compared to standard therapy and therefore not possible to
blind personnel

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk Open-label trial, and we have judged outcome assessors to be unblinded.
However, we did not expect blinding of outcome assessors to influence out-
come data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk Unblinded outcome assessors

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk We noted that outcome data were not reported for a group of participants giv-
en a higher dose of surfactant. We did not include these participants in the re-
view and we made the 'Risk of bias' judgement on the remaining intervention
group and control for which no details were reported

Selective outcome report-
ing (reporting bias)

Unclear risk No details

Baseline characteristics Unclear risk No details

Other sources of bias Unclear risk Not feasible to assess other risks of bias from the abstract

Walmrath 2000  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 308

Willson 2015 
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Inclusion criteria: between 18 and 65 years of age; met AECC definition of ALI/ARDS (Bernard 1994)
due to direct lung injury; were within 48 hours of initiation of mechanical ventilation; did not have sig-
nificant other organ failure or chronic lung disease; care not limited

Exclusion criteria: intubated after 48 hours; pre-existing lung disease; other organ failure; care limit-
ed/do not resuscitate; patient/surrogate refusal; GCS < 8; congestive heart failure

Additional participant information: study authors report distribution of participants at higher risk
(PaO2/FiO2 <100) by group

Baseline characteristics

Intervention group (surfactant)

• Age, mean (SD): 55 (± 15) years

• Gender, M/F: 80/71

• APACHE II, mean (SD): 63 (± 31)

• Risk factors: viral pneumonia 41, bacterial pneumonia 60, aspiration pneumonia 38, other 12

Control group (placebo)

• Age, mean (SD): 54 (± 16) years

• Gender, M/F: 85/72

• APACHE II, mean (SD): 60 (± 28)

• Risk factors: viral pneumonia 41, bacterial pneumonia 55, aspiration pneumonia 44, other 17

Country: 6 countries (not listed in study report; list of countries included in an online appendix which
were unable to source)

Setting: multicentre; ICUs

Interventions Intervention group (surfactant)

• Participants: n = 151; losses = 0; analysed = 151

• Details: calfactant (Pneumasurf) up to 3 doses; 12 hours apart; 30 mg/cm of height; participants turned
right side then leO side during administration

• Additional details: all participants received lower tidal volumes

Control group (placebo)

• Participants: n = 157; losses = 0; analysed = 157

• Details: sham treatment with air placebo

Outcomes Outcomes measured/reported: all-cause mortality (at day 90); ventilator-free days (at day 90); du-
rations of ICU and hospital stay; duration of oxygen use; changes in oxygenation after the study inter-
vention; adverse events (to include possibly related, probably related, and related; however adverse
events not defined as "serious adverse events" or leading to discontinuation of study medication)

Outcomes relevant to the review: all-cause mortality (at day 90)

Notes Funding/declaration of interests: supported by Pneuma Pharmaceuticals. 3 authors are employees of
pharmaceutical company

Study dates: July 2008 to July 2010

Notes:

• trial stopped early by sponsors as interim analysis "suggested little likelihood of benefit from calfac-
tant in any of the outcomes at hospital discharge"; decision made by investigators (employees of phar-
maceutical company) rather than by independent monitoring committee

Willson 2015  (Continued)
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• study authors report 7 participants were deemed ineligible after randomization, were not treated or
were not analysed. Does not state which group they were assigned to and we have therefore not in-
cluded these in the number of randomized participants

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Low risk Use of study web site for randomization. Participants stratified by PaO2:FiO2

Allocation concealment
(selection bias)

Unclear risk Investigators naïve to randomization scheme but no details provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "Blinding was accomplished by having the intervention performed by a
nurse and/or respiratory therapist not otherwise involved in the subject’s care
and who agreed to not divulge treatment assignment."

Comment: Use of a sham treatment with air

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 7 participants were lost to analysis as they were found to be ineligible after
randomization. The 7 participants were not treated and were excluded from
analysis. In addition, trial was stopped early and decision was made by investi-
gators (employed by a pharmaceutical company) rather than an independent
monitoring board

Selective outcome report-
ing (reporting bias)

High risk Prospective clinical trials registration NCT00682500. We noted discrepancies
between the clinical trials registration documents and the published study re-
port, with additional outcomes included in the published study report.

Baseline characteristics Low risk Appear comparable between groups

Other sources of bias Low risk No other sources of bias identified

Willson 2015  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 61

Inclusion criteria: patients with ALI/ARDS on mechanical ventilation

Exclusion criteria: no details

Baseline characteristics "Baseline characteristics appear balanced". No further details in abstract

Country: not reported

Wirtz 2017 
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Setting: not reported

Interventions Intervention group (enalaprilat)

• Participants: n = unknown; losses = overall 3 losses with no explanation provided in the abstract;
analysed = 29

• Details: enalaprilat; 10 mg/24 hours IV

Control group (placebo)

• Participants: n = unknown; losses = overall 3 losses with no explanation provided in the abstract;
analysed = 29

• Details: placebo

Outcomes Outcomes measured/reported: mortality (at 60 days); number of days without RRT; fluid balance; va-
soactive therapy; SOFA scores; number of ventilator-free days (up to day 28); days alive outside the ICU

Outcomes relevant to the review: mortality (at day 60); number of ventilator-free days (up to day 28)

Notes Funding/declarations of interest: not reported

Study dates: May 2012 to October 2015

Notes:

• pilot study; abstract only

• early stopping due to slow accrual; study authors do not report whether decision made by an inde-
pendent monitoring board

• study also referred to by the acronym ACEmeVent

• study authors report an effect estimate for ventilator-free days, with more days in the intervention
group

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Study described as randomized. Only available as an abstract, with limited in-
formation to assess how random sequence was generated

Allocation concealment
(selection bias)

Unclear risk No details. Abstract only

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Described as a placebo-controlled trial, but no additional details

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Loss of 3 participants in analysis. Reason for losses not explained in abstract,
and unclear to which groups these losses belonged. We noted that the trial
was stopped early due to slow accrual (decision made by independent moni-
toring board)

Wirtz 2017  (Continued)
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Selective outcome report-
ing (reporting bias)

Unclear risk No details of clinical trials registration or pre-published protocol, and there-
fore not feasible to assess risk of selective outcome reporting bias

Baseline characteristics Unclear risk Baseline characteristics not reported in abstract

Other sources of bias Unclear risk Not feasible to assess other sources of bias because of insufficient information
in abstract

Wirtz 2017  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 53

Inclusion criteria: fulfils criteria of ARDS according to AECC (Bernard 1994)

Exclusion criteria: history of idiopathic pulmonary fibrosis; history of peptic ulcer disease; use of glu-
cocorticoids in the past 1 month; contraindication to steroid medication and steroid-related products;
receiving haemodialysis; with other respiratory or cardiac diseases

Baseline characteristics

Intervention group (corticosteroid) Baseline characteristics no reported

Control group (standard therapy) Baseline characteristics no reported

Country: China

Setting: single centre

Interventions Intervention group (corticosteroid)

• Participants: n = 24; losses = 0; analysed = 24

• Details: inhaled budesonide 2 mg twice a day for 12 days alongside ARDS management algorithm ac-
cording to the 2006 Chinese Society for Critical Care Medicine Guidelines

• Additional details: lower tidal volume used

Control group (standard therapy)

• Participants: n = 29; losses = 0; analysed = 29

• Details: ARDS management algorithm according to the 2006 Chinese Society for Critical Care Medicine
Guidelines

• Additional details: lower tidal volume used

Outcomes Outcomes measured/reported: pulmonary fibrosis index (post-treatment comparisons); mottling
area; adverse events; duration of mechanical ventilation; length of ICU stay; mortality (at day 28); inci-
dence of MODS

Outcomes relevant to the review: adverse events; duration of mechanical ventilation; mortality (at
day 28);

Notes Funding/declarations of interest: internally funded by the Shanghai Songjiang District Center Hospi-
tal

Study dates: December 2011 to June 2013

Zhao 2014 
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Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Described as randomized but no further details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Control is standard therapy and therefore blinding not possible

Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No blinding. However, we did not expect blinding of outcome assessors to in-
fluence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

High risk No blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk No details of clinical trials registration or pre-published protocol, and there-
fore not feasible to assess risk of selective outcome reporting bias

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk No other source of bias identified

Zhao 2014  (Continued)

 
 

Methods RCT

Parallel design

Participants Total number of randomized participants: 12

Inclusion criteria: ≥ 18 years of age; diagnosed within 48 hours with a PaO2/FiO2 ratio of < 200; ARDS

defined and classified according to the Berlin definition (ARDS Definition Task Force 2012).

Exclusion criteria: pre-existing severe disease of any major organs; pregnancy; pulmonary hyperten-
sion; malignant disease; HIV infection; informed consent could not be obtained

Baseline characteristics

Intervention group (MSCs)

• Age, mean (SD): 66.7 (± 20.4) years

• Gender, M/F: 6/0

• APACHE II, mean (SD): 27.2 (± 6.4)

• Predisposing cause: pneumonia 5; aspiration pneumonitis 1

Zheng 2014 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

121



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Comorbidities: hypertension 3; coronary artery disease 1; neurologic disease 5; chronic pulmonary
disease 1; diabetes 2

• PaO2/FiO2, mean (SD): 122.4 (± 42) mmHg

Control group (placebo)

• Age, mean (SD): 69.8 (± 9.1) years

• Gender, M/F: 5/1

• APACHE II, mean (SD): 23.0 (± 5.1)

• Predisposing cause: pneumonia 5; aspiration pneumonitis 1

• Comorbidities: hypertension 3; coronary artery disease 1; neurologic disease 3; chronic pulmonary
disease 0; diabetes 1

• PaO2/FiO2, mean (SD): 103.5 (± 32.2) mmHg

Country: China

Setting: single-centre; ICU

Interventions Intervention group (MSCs)

• Participants: n = 6; losses = 0; analysed = 6

• Details: allogeneic adipose-derived mesenchymal stem cells; dose of 1 x 106 cells/kg body weight;
suspended in 100 mL normal saline; peripheral IV infusion over 1 hour within 48 hours of enrolment

• Additional details: ARDS Network low tidal volume protocol was adopted for standardized ventilator
management, targeting a tidal volume of 8 mL/kg of the ideal body weight and a plateau pressure <
30 mmHg for all participants (ARDS Network 2000)

Control group (placebo)

• Participants: n = 6; losses = 0; analysed = 6

• Details: normal saline; 100 mL IV infusion over 1 hour within 48 hours of enrolment

Outcomes Outcomes measured/reported: adverse events (not defined as leading to discontinuation of study
medication); PaO2/FiO2 ratio; hospital indices (length of hospital stay, ventilator-free days and ICU-free

days at day 28); and serum biomarkers of ARDS including IL-6, IL-8 and SP-D; mortality during the study
period

Outcomes relevant to the review: mortality (during study); ventilator-free days up to day 28

Notes Funding/declaration of interests: National Natural Science Foundation of China and Shaoxing 330
Plan to JX, and the National Natural Science Foundation of China and the Zhejiang Province Science
and Technology Program to QS; authors declare that they have no competing interests

Study dates: January 2013 to April 2013

Risk of bias

Bias Authors' judgement Support for judgement

Sequence generation (se-
lection bias)

Unclear risk Participants were described as randomized but no details

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk No details

Zheng 2014  (Continued)
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Blinding of outcome as-
sessors for mortality (de-
tection bias)

Low risk No details. However, we did not expect blinding of outcome assessors to influ-
ence outcome data for mortality

Blinding of outcome as-
sessors for other out-
comes (detection bias)

Unclear risk No details

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No apparent losses

Selective outcome report-
ing (reporting bias)

Unclear risk Retrospective clinical trials registration NCT01902082. Therefore not feasible
to assess selective outcome reporting The protocol states that TNF-alpha will
be reported as an outcome but the study does not appear to have included
this. All other outcomes were reported.

Baseline characteristics Low risk Appear comparable

Other sources of bias Low risk None apparent

Zheng 2014  (Continued)

AECC: American-European Consensus Conference (Bernard 1991); AF: atrial fibrillation; AIDS: acquired immunodeficiency syndrome;
ALI: acute lung injury; APACHE: Acute Physiology and Chronic Health Evaluation; ARDS: acute respiratory distress syndrome; BALF:
bronchoalveolar lavage; BSI: bloodstream infection; CI: confidence interval; CIRCI: critical illness-related corticosteroid insuIiciency;
COPD: chronic obstructive pulmonary disease; CXR: chest radiograph; D5W: 5% dextrose in water; DPPC: dipalmitoylphosphatidylcholine;
ECMO: extracorporeal membrane oxygenation; ESICM: European Society of Intensive Care Medicine; EVLWI: extravascular lung water
index; FiO2: fraction of inspired oxygen; GCS: Glasgow Coma Scale; GI: gastrointestinal; GSH: glutathione; HIV: human immunodeficiency

virus; HL-10: freeze-dried natural surfactant isolated from pig lungs; ICU: intensive care unit; IL-6: interleukin 6; IL-8: interleukin
8; IQR: interquartile range; ITT: intention-to-treat; IV: intravenous; KGF: keratinocyte growth factor; kPa: kilopascal; LAH: leO atrial
hypertension; LIS: lung injury score; LODS: Logistic Organ Dysfunction System; MAP: mean arterial blood pressure; MD: diIerence (mean
in treatment group - mean in control group); MDA: malondialdehyde; M/F: male/female; MI: myocardial infarction; MODS: multiple
organ dysfunction score (see Critical Care Medicine 1995;23(10):1638-52); mRNA: messenger ribonucleic acid; MSC: mesenchymal stromal
cells; n: number of randomized participants; NAC: N-acetylcysteine; NIHR: National Institute for Health Research; OI: oxygenation
index; OTZ: L-2-oxothiazolidine-4-carboxylic acid; PaO2: partial pressure of arterial oxygen; PAOP: pulmonary artery occlusion pressure;

PBW: predicted body weight; PEEP: positive end-expiratory pressure; P/F ratio: arterial oxygen partial pressure to fractional inspired
oxygen ratio; PGE1: prostaglandin E1; PLA: People's Liberation Army; PMN-E: neutrophil elastase; RCT: randomized control trial; rhACE2:

recombinant human angiotensin-converting enzyme 2; rhGM-CSF: recombinant human granulocyte-macrophage colony stimulating
factor; rSP-C: recombinant surfactant protein C; RR: relative risk; RRT: renal replacement therapy; SAPS: simplified acute physiology
score (see Critical Care Medicine 1984;12(11):975-7); SD: standard deviation; SGRQ: St. George's Respiratory Questionnaire; SIRS: systemic
inflammatory response syndrome; SOFA: Sequential Organ Failure Assessment; SOD: superoxide dismutase; SP-D: surfactant protein D;
TLC C-53: liposomes and prostaglandin E1; TLR4: toll-like receptor 4; TNF-alpha: tumour necrosis factor alpha; TREM-1: triggering receptor

expressed on myeloid cells; TRN-a: transfer ribonucleic acid; UTI: urinary tract infection; VAP: ventilator-associated pneumonia
NOTE: Blank spaces in the 'Risk of bias' figure indicate that we did not conduct 'Risk of bias' assessment.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abraham 1996 RCT, liposomal PGE1 versus control. Included in previous version of the review (Adhikari 2004). Ex-

cluded because publication date was prior to 2000 (see Differences between protocol and review)

Abraham 1999 RCT, liposomal PGE1 versus control. Included in previous version of the review (Adhikari 2004). Ex-

cluded because publication date was prior to 2000 (see Differences between protocol and review)
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Study Reason for exclusion

Annane 2006 Retrospective analysis of previous clinical trial of corticosteroids versus placebo. Retrospective
analysis includes only participants with ARDS. Excluded because of ineligible study design

Anzueto 1996 RCT, Exosurf versus control. Included in previous version of the review (Adhikari 2004). Excluded
because publication date was prior to 2000 (see Differences between protocol and review)

Ardizzoia 1993 RCT, PTX versus standard therapy. Included in previous version of the review (Adhikari 2004). Ex-
cluded because publication date was prior to 2000 (see Differences between protocol and review)

Bastin 2010 RCT, NAC versus control, adults undergoing lung resection with open-lung ventilation for lung can-
cer, but not specifically patients with ALI or ARDS

Bastin 2016 RCT, NAC versus control, adults undergoing lung resection with open-lung ventilation, but not
specifically patients with ALI or ARDS

Bernard 1987 RCT, corticosteroids (methylprednisolone) versus control. Included in previous version of the re-
view (Adhikari 2004). Excluded because publication date was prior to 2000 (see Differences be-
tween protocol and review)

Bernard 1997 RCT, multi-arm study. NAC; OTZ; control. Included in previous version of the review (Adhikari
2004).Excluded because publication date was prior to 2000 (see Differences between protocol and
review)

Bernard 1999 RCT, IL-10 (use of control not described). Included in previous version of the review (Adhikari 2004).
Excluded because publication date was prior to 2000 (see Differences between protocol and re-
view)

Bone 1989 PGE1 versus placebo. Included in previous version of the review (Adhikari 2004). Excluded because

publication date was prior to 2000 (see Differences between protocol and review)

Confalonieri 2005 RCT, hydrocortisone versus control. Inclusion criterion is for community-acquired pneumonia
rather than specifically ARDS.

Cornet 2014 RCT, participants with ARDS, recombinant human activated protein C versus saline. This drug is
now withdrawn from the market and it is not feasible to include this study in the review

Domenighetti 1997 RCT, NAC versus control. Included in previous version of the review (Adhikari 2004). Excluded be-
cause publication date was prior to 2000 (see Differences between protocol and review)

Forel 2006 RCT, participants with ARDS. Trial of neuromuscular blocking agent for mechanical ventilation of
patients, rather than treatment of ARDS

Gainnier 2004 RCT, participants with ARDS. Trial of neuromuscular blocking agent for mechanical ventilation of
patients, rather than treatment of ARDS

Gottlieb 1994 RCT, neutrophil elastase inhibitor versus control. Included in previous version of the review (Ad-
hikari 2004). Excluded because publication date was prior to 2000 (see Differences between proto-
col and review)

Gregory 1997 RCT, surfactant (at 2 doses) versus control. Included in previous version of the review (Adhikari
2004). Excluded because publication date was prior to 2000 (see Differences between protocol and
review)

Holcroft 1986 RCT, PGE1 versus control. Included in previous version of the Review (Adhikari 2004). Excluded be-

cause publication date was prior to 2000 (see Differences between protocol and review)
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Study Reason for exclusion

Hua 2013 RCT, participants with ARDS, terlipressin versus dopamine, but does not include a placebo or con-
trol as a comparison agent and therefore excluded

Jepsen 1992 RCT, NAC versus control. Included in previous version of the review (Adhikari 2004). Excluded be-
cause publication date was prior to 2000 (see Differences between protocol and review)

Liu 2008 RCT, participants with ALI, recombinant human activated protein C versus control. This drug is now
withdrawn from the market and it is not feasible to include this study in the review

Markart 2007 Phase I/II pilot study of recombinant surfactant protein C-based surfactant (venticute), study de-
sign not relevant for review, no relevant outcomes reported

Meduri 1998 RCT, corticosteroids (methylprednisolone) versus control. Included in previous version of the re-
view (Adhikari 2004). Excluded because publication date was prior to 2000 (see Differences be-
tween protocol and review)

Papazian 2010 RCT, participants with ARDS. Trial of neuromuscular blocking agent for mechanical ventilation of
patients, rather than treatment of ARDS

Presneill 2002 RCT, granulocyte-macrophage colony-stimulating factor versus placebo. Included in previous ver-
sion of the review (Adhikari 2004). Excluded because ALI or ARDS is not a specific inclusion criteria.

Reines 1985 RCT, thromboxane synthase inhibitor (Dazoxiben) versus control. Included in previous version of
the review (Adhikari 2004). Excluded because publication date was prior to 2000 (see Differences
between protocol and review)

Reines 1992 RCT, surfactant versus placebo. Included in previous version of the review (Adhikari 2004). Exclud-
ed because publication date was prior to 2000 (see Differences between protocol and review)

Rossignon 1990 RCT, PGE1 versus control. Included in previous version of the review (Adhikari 2004). Excluded be-

cause publication date was prior to 2000 (see Differences between protocol and review)

Shoemaker 1986 RCT, PGE1 versus control. Included in previous version of the review (Adhikari 2004). Excluded be-

cause publication date was prior to 2000 (see Differences between protocol and review)

Shyamsundar 2010 RCT, recombinant human keratinocyte growth factor versus control, but given to prevent not treat
ALI and therefore excluded

Steinberg 1990 RCT, indomethacin versus control. Included in previous version of the review (Adhikari 2004). Ex-
cluded because publication date was prior to 2000 (see Differences between protocol and review)

Suter 1994 RCT, NAC versus control. Included in previous version of the review (Adhikari 2004). Excluded be-
cause publication date was prior to 2000 (see Differences between protocol and review)

Tuxen 1987 RCT, acyclovir versus control. Included in previous version of the review (Adhikari 2004). Excluded
because publication date was prior to 2000 (see Differences between protocol and review)

Vincent 2009 RCT, inactivated recombinant factor VIIa versus control. Dose escalation study, not relevant for re-
view without agreed appropriate dosing for this agent

Weg 1994 RCT, surfactant versus control. Included in previous version of the review (Adhikari 2004). Excluded
because publication date was prior to 2000 (see Differences between protocol and review)

Weigelt 1985 RCT, methylprednisolone versus control. Included in previous version of the review (Adhikari 2004).
Excluded because publication date was prior to 2000 (see Differences between protocol and re-
view)
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ALI: acute lung injury; ARDS: acute respiratory distress syndrome; IL-10: interleukin 10; NAC: N-acetylcysteine; OTZ: L-2-oxothiazolidine-4-
carboxylic acid; PGE1: prostaglandin E1; PTX: pentoxifylline; RCT: randomized controlled trial

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods RCT

Participants Total number of randomized participants: 100

Inclusion criteria: mechanically ventilated patients of both genders with severe ARDS

Exclusion criteria: not given

Country: Egypt

Setting: single-centre; ICU

Interventions Intervention group

• Participants: n = not given

• Details: nebivolol; administered enterally; starting with 2.5 mg once daily and upgraded, accord-
ing to participant tolerance, every 2 days by 2.5 mg to a maximum of 10 mg daily

Control group

• Participants: n = not given

• Details: not given

Outcomes Primary outcomes: mortality; length of hospital stay; length of ICU stay; ventilator-free days

Notes The study is reported as an abstract only, with insufficient information to assess eligibility. We
await publication of the full report to assess eligibility

Hegazy 2016 

 
 

Methods RCT

Participants Target participant recruitment: 150

Inclusion criteria: suspected or proven infection; hypoxaemia: PaO2/FiO2 ≤ 300 mmHg; bilateral

infiltrates consistent with pulmonary oedema; positive-pressure mechanical ventilation through
an endotracheal tube; no clinical evidence of leO atrial hypertension to explain bilateral infiltrates;
presence of ≥ 3 of the 4 SIRS criteria. If only 2 criteria are evidenced, 1 must be temperature or WBC

Exclusion criteria: < 18 years of age; inability to obtain consent; patient, surrogate, or physician
not committed to full support; moribund state in which death was perceived to be imminent; mor-
bid obesity; malignancy or other irreversible disease or condition for which 6-month mortality is
estimated to be > 50%; known HIV-positive with known end-stage processes; prior cardiac arrest
requiring CPR without fully demonstrated neurological recovery; or NYHA Class IV; pregnant or
nursing; ALI/ARDS induced by mechanical or chemical injury directly to the lung (including burns,
trauma, and near drowning); > 48 hours since all inclusion criteria are met; neuromuscular disease
that impairs ability to ventilate without assistance; severe chronic respiratory disease, severe pul-
monary hypertension, or ventilator dependency; chest wall deformity resulting in severe exercise
restriction, secondary polycythaemia, or respirator-dependent; history of organ transplant (includ-
ing bone marrow); severe chronic liver disease, as determined by a Child-Pugh Score > 10; haemo-

globin persistently < 7.0 g/dL; platelet count < 50,000/mm3; prolonged INR > 3; bleeding disorders
unless corrective surgery has been performed; active internal bleeding; major surgery within 24

NCT00879606 
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hours before study drug infusion, or evidence of active bleeding postoperatively, or plan for any
major surgery within 3 days after study drug infusion; diffuse alveolar haemorrhage from vasculi-
tis; known bleeding diathesis; presence of an epidural catheter or lumbar puncture within 48 hours
before study drug infusion or anticipation of receiving an epidural catheter or a lumbar puncture
within 48 hours after study drug infusion; stroke within 3 months of study entry; trauma with an in-
creased risk of life-threatening bleeding; a history of severe head trauma that required hospital-
ization, or intracranial surgery within 2 months of study entry; any history of intracerebral arteri-
ovenous malformation, cerebral aneurysm, or central nervous system mass lesion; uses of certain
medications or treatment regimens such as chemotherapy, unfractionated heparin, low-molecu-
lar-weight heparin, warfarin, antithrombin III, acetylsalicylic acid, glycoprotein IIb/IIIa antagonists,
thrombolytic therapy, and activated Protein C are restricted; participation in another experimental
medication study within 30 days of study entry

Country: USA

Setting: multicentre; ICU

Interventions Intervention group

• Participants: n = 75

• Details: in the first part of this study, recombinant chimeric anti-tissue factor antibody ALT-836
was administered as a single dose (0.06 mg/Kg) through an intravenous infusion over 15 minutes.
In the second part of this study, up to 4 doses (0.06 mg/kg) of ALT-836 were administered through
an intravenous infusion over 15 minutes

Control group

• Participants: n = 75

• Details: in the first part of this study, a single dose of placebo was administered through an intra-
venous infusion over 15 minutes. In the second part of this study, up to 4 doses of placebo were
administered through an intravenous infusion over 15 minutes

Outcomes Primary outcomes: safety profile of the study drug (throughout 28 days following treatment);
number of ventilator-free days (at day 28)

Secondary outcomes: mortality (at day 7, 14, 21, 28 and 60); length of hospitalization (at day
28); length of ICU stay (at day 28); number of non-pulmonary organ failure-free days (at day 28);
changes in physiological variables of lung injury (throughout the 28 days following treatment);
changes in disease severity and lung injury scores (throughout the 28 days following treatment);
effects of the study drug and the aetiology of the disease (at day 28); pharmacokinetics and phar-
macodynamics (throughout the 28 days following treatment); immunogenicity (throughout the 28
days following treatment)

Notes Funding/declarations of interest: Altor BioScience; National Heart, Lungs, and Blood Institute

Study dates: April 2009 to January 2013

Note:

• study is completed but results are not published. We await publication of full report to assess
eligibility

NCT00879606  (Continued)
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Participants Target participant recruitment: 72
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Inclusion criteria: presence of ARDS in the first 24 hours of diagnosis; PEEP > 5 cmH2O; patients

whose relatives give written consent to participate; between 18 and 75 years of age

Exclusion criteria: pregnant women, breastfeeding or post partum; COPD; hypersensitivity to sur-
facen or other component of the formulation

Country: Cuba

Setting: ICU

Interventions Intervention group

• Participants: n = not given

• Details: conventional treatment of oxygenation and mechanical ventilation plus surfacen 100 mg
(4 mL) every 8 hours for 3 days

Control group

• Participants: n = not given

• Details: conventional treatment of oxygenation and mechanical ventilation

Outcomes Primary outcome: PaO2/FiO2 ratio (favourable when ≥ 200) (group A: 1 hour, 4 hours and 8 hours

after each dose. Group B: 1 hour, 4 hours and 8 hours after haemodynamic stabilization)

Secondary outcomes: gasometric evaluation (PaO2, PaCO2, pH); ventilatory evaluation; clinic

evaluation; radiographic evaluation; mechanical ventilation days; total hospital days; condition of
the participant; all-cause mortality (at 28 days); adverse events (at 28 days)

Notes Funding/declarations of interest: CENSA; MINSAP

Study dates: March 2006

RPCEC00000126  (Continued)

ALI: acute lung injury; ALT-836: anti-TF monoclonal antibody; ARDS: acute respiratory distress syndrome; CENSA: National Center for
Animal and Plant Health; COPD: chronic obstructive pulmonary disease; CPR: cardiopulmonary resuscitation; FiO2: fraction of inspired

oxygen; HIV: human immunodeficiency virus; ICU: intensive care unit; INR: international normalized ratio; MINSAP: Ministry of Public
Health; NYHA: New York Heart Association; PaO2: partial pressure of arterial oxygen; PEEP: positive-end expiratory pressure; RCT:

randomized control trial; SIRS: systemic inflammatory response syndrome; WBC: white blood cell count
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Trial name or title A multi-centre randomized, placebo controlled trial of nebulized heparin in participants with or
at risk of developing Acute Respiratory Distress Syndrome, to determine if nebulized heparin im-
proves long term physical function

Methods RCT

Participants Target participant recruitment: 256

Inclusion criteria: ≥ 18 years of age; receiving ventilation through an endotracheal tube; started
ventilation yesterday or today; expected to require invasive ventilation for at least all of today and
all of tomorrow; PaO2 to FiO2 ratio < 300; active ventilator circuit humidification

Exclusion criteria: allergy to heparin; history of heparin-induced thrombocytopenia; platelet
count < 50 x 109/L; APTT prolonged to > 80 seconds, not due to anticoagulant therapy; uncon-
trolled bleeding; pulmonary bleeding during hospital admission; history of intracranial, spinal or
epidural haemorrhage; neurosurgical procedures during hospital admission or such procedures
planned; epidural catheter is in place; hepatic encephalopathy or history of gastrointestinal bleed-
ing due to portal hypertension or biopsy proven cirrhosis with documented portal hypertension;

ACTRN12612000418875 
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tracheostomy in place; usually receives home oxygen; usually receives any type of assisted venti-
lation at home; cervical spinal cord injury associated with reduced long-term ability to breathe in-
dependently; spinal or peripheral nerve disease with a likely prolonged reduction in the ability to
breathe independently; receiving high-frequency oscillation ventilation or extracorporeal mem-
brane oxygenation; pregnant; treatment limits restrict the provision of renal replacement therapy,
inotropes, vasopressors or prolonged invasive ventilation; usually treated with haemodialysis or
peritoneal dialysis for end-stage renal failure; dementia; death is deemed imminent or inevitable or
there is underlying disease with a life expectancy of less than 90 days

Country: Australia

Setting: ICU

Interventions Intervention group (nebulized liquid heparin)

• Participants: n = not given

• Details: 25,000 IU in 5 ml; study medication given every 6 hours for up to 10 days while the partic-
ipant requires ventilation

Control group (placebo)

• Participants: n = not given

• Details: 5 ml of nebulized liquid 0.9% sodium chloride; given every 6 hours for up to 10 days while
the participant requires ventilation

Outcomes Primary outcome: physical function assessed using the physical function component of the SF-36
health survey

Secondary outcomes: change in Murray Lung Injury Score assessed by review of medical records;
change in plasma thrombin time, D-Dimer, antithrombin thrombin levels and serum cytokines
assessed by blood analysis; development of ALI or ARDS assessed by review of medical records;
healthcare utilisation assessed by review of medical records; hospital stay duration; ICU stay du-
ration; lung rescue therapies; major bleeding or other complications; mechanical VFDs; mortality;
quality of life assessed by contact with participant or next of kin and undertaking EQ5D survey

Starting date 1 August 2012

Contact information Email: barry.dixon@svhm.org.au

Notes Funding/declarations of interest: St.Vincents Hospital/Institute

ACTRN12612000418875  (Continued)

 
 

Trial name or title Effect of nebulized budesonide on respiratory mechanics and oxygenation in patients with acute
lung injury/acute respiratory distress syndrome (ALI/ARDS)

Methods RCT

Participants Target participant recruitment: 60

Inclusion criteria: patients fulfilling the criteria of ALI/ARDS according to 2012 Berlin definition of
ALI/ARDS

Exclusion criteria: refusal of consent by relatives; < 18 or > 65 years of age; chronic obstructive
pulmonary disease; restrictive respiratory insufficiency; increased intracranial pressure; bron-
chopleural fistula; acute myocardial infarction; neuromuscular disease

Country: Egypt

ACTRN12615000373572 
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Setting: ICU

Interventions Intervention group (budesonide)

• Participants: n = 30

• Details: 1 mL to 2 mL budesonide suspension nebulized through endotracheal tube; regimen ap-
plied twice daily for 3 successive days; nebulization performed using specific ventilator nebulizer
(pro-Aeroneb professional nebulized system) with an oxygen flow of 8 L/min for 15 mins; before
each session recruitment manoeuvre is done by increasing peak airway to ensure a plateau pres-
sure of 30 cmH2O for 30 seconds

Control group (placebo)

• Participants: n = 30

• Details: 2 mL isotonic saline is nebulized instead of budesonide

Outcomes Primary outcome: PaO2/FiO2, calculated from the measured PaO2 (from arterial blood gas analy-

sis) and the inspired oxygen concentration. FiO2 is the inspired fraction of oxygen given by anaes-

thesiologist whether pure oxygen (100% oxygen) or in combination with air (60% oxygen in 40%
air)

Secondary outcome: PIP; plateau pressure; both parameters are assessed from the screen of Bin-
nette respirometer

Starting date 2014

Contact information Email: dr.hatem_saber@hotmail.com

Notes Funding/declarations of interest: South Valley University and Qena University Hospital

ACTRN12615000373572  (Continued)

 
 

Trial name or title Comparison of the efficacy and safety of FP-1201-lyo and placebo in the treatment of patients with
moderate or severe acute respiratory distress syndrome: study protocol for a randomized con-
trolled trial

Methods RCT

Participants Target participant recruitment: 300

Inclusion criteria: ≥ 18 years of age; trachea is intubated; receiving mechanical ventilation; diag-
nosis of moderate or severe ARDS according to the Berlin definition of ARDS; acute onset of respira-
tory failure within 1 week of a known clinical insult or new or worsening respiratory symptoms; res-
piratory failure associated with known ARDS risk factors and not fully explained by either cardiac
failure or fluid overload; radiological abnormalities on chest X-ray or on CT scan; radiological and
hypoxaemia criteria must occur within the same 24-hour period; time of onset of ARDS is defined
as the time when the last of these 2 ARDS criteria is met; administration of the first dose of study
drug planned to take place within 48 hours of moderate or severe ARDS diagnosis; signed written
informed consent form from the participant or the participant’s personal legal representative or a
professional legal representative

Exclusion criteria: woman known to be pregnant or lactating; simultaneously taking part in an-
other pharmacotherapy protocol; not expected to survive for 24 hours; has underlying clinical con-
dition where, in the opinion of the investigator, it would be extremely unlikely that the patient
would be able to come oI ventilation; severe COPD requiring long-term home oxygen therapy or
mechanical ventilation except for CPAP or BIPAP used solely for sleep-disordered breathing; con-
gestive heart failure, defined as NYHA class IV; acute leO ventricular failure; liver failure (Child-Pugh
grade C); received any prior IFN; known hypersensitivity to natural or recombinant IFN beta or to
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any of the excipients; receiving renal dialysis therapy for chronic renal failure; receiving extracorpo-
real membrane oxygenation, HFOV or any form of extracorporeal lung support; has had any form
of mechanical ventilation (invasive or non-invasive, excluding CPAP alone) for > 48 hours prior to
the diagnosis of ARDS; noninvasive ventilation has to be continuously applied for at least 12 hours
a day in these 48 hours; burns to ≥ 15% of their TBSA

Country: 9 European countries

Setting: multicentre; ICU

Interventions Intervention group (FP-1201-lyo)

• Participants: n = 150

• Details: FP-1201-lyo μg; administered intravenously as a bolus each day for 6 days

Control group (placebo)

• Participants: n = 150

• Details: placebo (powdered lyophilisate); administered intravenously as a bolus each day for 6
days

Outcomes Primary outcomes: composite of death (at 28 days); days free of mechanical ventilation (at 28
days)

Secondary outcomes: all-cause mortality (at 28, 90, 180 and 360 days); days free of organ failure
(at 28 days); length of hospital stay; efficacy, safety and exploratory variables

Starting date 28 December 2015

Contact information Email: geoff.bellingan@uclh.nhs.uk

Notes Funding/declarations of interest: Faron Pharmaceuticals Ltd.; European Union Seventh Frame-
work Program; Mikael Maksimow, Markku Jalkanen and Ilse Piippo are employed by Faron Pharma-
ceuticals and hold Faron shares and/or options for shares. The other authors are members of the
INTEREST trial Steering Committee and have received expenses only for participation in required
study meetings

Bellingan 2017  (Continued)

 
 

Trial name or title Clinical study of rhGM-CSF in the treatment of pulmonary extraneous acute respiratory distress
syndrome

Methods RCT

Participants Target participant recruitment: 90

Inclusion criteria: between 18 and 70 years of age; the primary disease of ARDS is a non-pul-
monary sepsis, which is in line with the definition of sepsis in 2016; patient or family members
agree to join the clinical study

Exclusion criteria: pregnant women; patients with malignant tumour, immunodeficiency or au-

toimmune disease; white blood cell count is > 40 x 109/L or the oxygenation index is less than 80;
patient or family members need to withdraw from the study

Country: China

Setting: single-centre; ICU

Interventions Intervention group (thymosin)

ChiCTR1800014733 
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• Participants: n = 30

• Details: thymosin 20 mg intramuscular injection once a day for 7 days

Intervention group (GM-CSF)

• Participants: n = 30

• Details: rhGM-CSF 250 μg/m2 intravenous injection once a day for 7 days

Control group (standard therapy)

• Participants: n = 30

• Details: conventional therapy

Outcomes Primary outcomes: oxygenation index; HLA-D expression rate of CD14 positive mononuclear cells

Secondary outcomes: concentration of HMGB-1, TNF-a, PCT and GM-CSF in plasma; concentration
of HMGB-1, TNF-a and GM-CSF in bronchoalveolar lavage fluid; APACHE II score, SOFA score, and
lung injury score; duration of ventilator use, incidence of ventilator-associated pneumonia; mortal-
ity (at 28 days)

Starting date 2 January 2018

Contact information Email: phoenix413@163.com

Notes  

ChiCTR1800014733  (Continued)

 
 

Trial name or title Human umbilical cord derived mesenchymal stem cells therapy in acute respiratory distress syn-
drome: a pilot study

Methods RCT

Participants Target participant recruitment: 12

Inclusion criteria: invasive ventilation, OI PaO2/FiO2 < 200; PEEP = 8 cmH2O; bilateral infiltration of

lung in X-ray or CT; in first week after onset; still OI < 200 after protective ventilation or conservative
fluid management

Exclusion criteria: any malignant disease; cardiogenic pulmonary oedema; > 50% atelectasis ei-
ther lung lobe in X-ray; pregnancy or perinatal or lactation; previous end-stage respiratory disease;
> 3 organs failure; liver failure with MELD score > 40; stage III or IV pulmonary hypertension; nonin-
vasive arterial and central venous catheter; concurrent deep venous thrombus or pulmonary em-
bolism in 3 months; cerebral hernia; > 96 hours after ARDS onset; < 18 years of age

Country: China

Setting: single-centre; University Hospital

Interventions Intervention group (MSC)

• Participants: n = 6

• Details: hucMSCs 106/kg + NS 100 ml, IV drip

Control group (placebo)

• Participants: n = 6

• Details: normal saline 100 ml, IV drip

ChiCTR1800014998 
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Outcomes Primary outcome: safety

Secondary outcomes: ventilator-free days; oxygenation index change

Starting date 27 February 2018

Contact information Email: haijinlv@163.com

Notes  

ChiCTR1800014998  (Continued)

 
 

Trial name or title A comparative, randomized controlled trial for evaluating the efficacy of dexamethasone adminis-
tration in the treatment of patients with the Acute Respiratory Distress Syndrome

Methods RCT

Participants Target participant recruitment: not given

Inclusion criteria: ≥ 18 years of age; have acute onset of ARDS, as defined by the AECC criteria for
ARDS (Bernard 1994); intubated and mechanically ventilated; provided signed written informed
consent from the patient or the patient's personal legal representative

Exclusion criteria: woman known to be pregnant or lactating; participating in another experimen-
tal treatment protocol; brain death; terminal-stage cancer or other terminal disease; do-not-resus-
citate orders; immune-compromised; receiving corticosteroids or immunosuppressive drugs; > 24
hours elapsed after initially meeting the AECC ARDS criteria (Bernard 1994) before consent and re-
sults of initial standard ventilator settings could be obtained; severe COPD; congestive heart failure

Country: Spain

Setting: ICU

Interventions Intervention group (dexamethasone)

• Participants: n = not given

• Details: dexamethasone; solution for injection

Control group (standard treatment)

• Participants: n = not given

• Details: normal treatment but without dexamethasone

Outcomes Primary outcomes: VFDs (at day 28)

Secondary outcomes: all-cause mortality (at Day 60); days on mechanical ventilation; number of
extra-pulmonary organ failures (at day 60)

Starting date 21 November 2012

Contact information Email: osalidia.fernandez@gmail.com

Notes Funding/declarations of interest: Fundación Mutua Madrileña

EUCTR2012-000775-17 

 
 

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

133



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Trial name or title A phase 3 clinical study to evaluate the efficacy and safety of intravenous MR11A8 in the treatment
of patients with moderate or severe acute respiratory distress syndrome

Methods RCT

Participants Target participant recruitment: 120

Inclusion criteria: ≥ 20 years of age; Japanese patient with a diagnosis of moderate or severe ARDS
according to the Berlin definition of ARDS; acute onset of respiratory failure within 1 week of a
known clinical insult or new or worsening respiratory symptoms; respiratory failure associated
with known ARDS risk factors and not fully explained by either cardiac failure or fluid overload; ra-
diological abnormalities on chest X-ray or on computerized tomography scan; hypoxaemia; mod-
erate ARDS 100 mmHg = 5 cmH2O; severe ARDS PaO2/FiO2 ≤ 100 mmHg with PEEP ≥ 5 cmH2O; the

radiological and hypoxaemia criteria in ARDS criteria must be met within the same 24-hour peri-
od. The time of onset of ARDS is when the last of the 2 specified ARDS criteria is met; administration
of the first dose of study drug must be planned to take place within 48 hours of first fulfilling the
above inclusion criteria; patient is intubated and mechanically ventilated; signed informed consent
form from the patient or the patient's personal legal representative or a professional legal repre-
sentative

Exclusion criteria: woman known to be pregnant, lactating or with a positive or indeterminate
pregnancy test; patient is simultaneously taking part in another pharmacotherapy protocol; not
expected to survive for 24 hours; has an underlying clinical condition where, in the opinion of the
Investigator, it would be extremely unlikely that the patient would come oI ventilation; severe
chronic obstructive pulmonary disease requiring long-term home oxygen therapy or mechani-
cal ventilation (non-invasive ventilation or tracheotomy) except for CPAP or BIPAP used solely for
sleep-disordered breathing; has congestive heart failure, defined as NYHA class 4; acute leO ventric-
ular failure; liver failure (Child-Pugh grade C); received any prior IFN; known hypersensitivity to nat-
ural or recombinant IFN beta or to any of the excipients; receiving renal dialysis therapy for chronic
renal failure; receiving extra-corporeal membrane oxygenation, high-frequency oscillatory ventila-
tion or any form of extracorporeal lung support; had any form of mechanical ventilation (invasive
or non-invasive, excluding CPAP alone) for > 48 hours prior to the diagnosis of ARDS. Non-invasive
ventilation has to be continuously applied for ≥ 12 hours a day in these 48 hours; burns to ≥ 15% of
their TBSA; receiving Sho-saiko-to or is scheduled to receive Sho-saiko-to during the study drug ad-
ministration period

Country: Japan

Setting: multicentre; ICUs

Interventions Intervention group (MR11A8)

• Participants: n = not given

• Details: MR11A8; 10 mcg; administered intravenously once daily for 6 days

Control group (placebo)

• Participants: n = not given

• Details: placebo; same as intervention group

Outcomes Primary outcome: all-cause mortality (at day 28)

Secondary outcomes: composite endpoint including any-cause death (at day 28); days free of me-
chanical ventilation (within 28 days); all-cause mortality (at day 90); mortality in ICU (up to day 28);
mortality in hospital (up to day 28)

Starting date 16 July 2016

Contact information Name: Maruishi Pharmaceutical Co., Ltd, Clinical Development Department, Pharmaceutical Re-
search and Development Division

JPRN-JapicCTI-163320 
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Notes Funding/declarations of interest: Maruishi Pharmaceutical Co., Ltd.

JPRN-JapicCTI-163320  (Continued)

 
 

Trial name or title ASpirin as a Treatment for ARDS (STAR): a phase 2 randomized control trial

Methods RCT

Participants Target participant recruitment: 60

Inclusion criteria: ≥ 16 years of age; receiving invasive mechanical ventilation; ARDS as defined by
the Berlin definition

Exclusion criteria: > 72 hours from the onset of ARDS; < 16 years of age; pregnant; participation
in a clinical trial of an investigational medicinal product within 30 days; current treatment with as-

pirin or within the past 4 weeks; platelet count < 50 x 109/L; haemophilia or other haemorrhagic
disorder or concurrent therapeutic anticoagulant therapy; history of aspirin-sensitive asthma or
nasal polyps associated with asthma; active or history of recurrent peptic ulcer and/or gastric/in-
testinal haemorrhage or other kinds of bleeding such as cerebrovascular haemorrhage; traumatic
brain injury; active gout; currently receiving methotrexate; severe chronic liver disease with Child-
Pugh score > 12; known hypersensitivity or previous adverse reaction to salicylic acid compounds
or prostaglandin synthetase inhibitors; physician decision that aspirin is required for proven indi-
cation; contraindication to enteral drug administration; treatment withdrawal imminent within 24
hours; consent declined

Country: UK

Setting: ICU

Interventions Intervention Group (aspirin)

• Participants: n = not given

• Details: aspirin; 75 mg enterally once daily for a maximum of 14 days

Control group (placebo)

• Participants: n = not given

• Details: lactose powder placebo enterally once daily for a maximum of 14 days

Outcomes Primary outcome: OI (at day 7)

Secondary outcomes: OI (at days 4 and 14); SOFA score (at days 4, 7 and 14); Crs (at days 4, 7 and
14); P/F ratio (at days 4, 7 and 14); safety and tolerability as assessed by the occurrence of serious
adverse events and suspected unexpected serious adverse reactions (up to 28 days after comple-
tion of study drug)

Starting date January 2015

Contact information Professor Danny F McAuley

Notes Funding/declarations of interest: Belfast Health and Social Care Trust; Queen's University,
Belfast; Northern Ireland Clinical Trials Unit

NCT02326350 
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Trial name or title GM-CSF Inhalation to Improve Host Defense and Pulmonary Barrier Restoration (GI-HOPE). A Ran-
domized, Double-blind, Parallel Group, Multicenter, Phase II Study

Methods RCT

Participants Target participant recruitment: 45

Inclusion criteria: signed informed consent form by the patient or a legal representative; between
18 and 75 years of age; women who have been post-menopausal for > 1 year or women of child-
bearing potential period using a highly efficient method of contraception (i.e. a method with < 1%
failure rate such as combined hormonal contraception, progesterone-only hormonal contracep-
tion; diagnosis of pneumonia-associated ARDS, where the underlying condition is CAP or HAP in
patients not on invasive ventilation upon diagnosis of HAP; diagnosis of ARDS according to the
Berlin ARDS definition; requirement for positive pressure ventilation (non-invasive or endotracheal
tube) for > 72 hours in total with inspiratory oxygen concentration (FiO2) ≥ 50% (or less when on

additional ECMO therapy) not > 14 days

Exclusion criteria: receiving vasopressors of > 100 µg/min; history of liver cirrhosis Child Pugh C,
chronic haemodialysis (before severe pneumonia/ARDS), lung cancer; malignancy with expect-
ed survival time of < 6 months; history of or listing for lung transplantation; highly immunosup-
pressive therapy or anti-malignant combination chemotherapy within 3 weeks prior to first dose
of study drug; any anti-malignant chemotherapy within 24 hours prior to first dose of study drug;
AIDS or known history of HIV infection; pregnancy; autoimmune thrombocytopenia, myelodysplas-
tic syndromes with > 20% marrow blast cells; history or presence of hypersensitivity or idiosyncrat-
ic reaction to molgramostim or to related compounds; participation in another clinical trial within
90 days prior to the first dose of study drug

Country: Germany

Setting: multicentre; ICU

Interventions Intervention group (rhGM-CSF; 150 mcg)

• Participants: n = 15

• Details: once daily inhaled rhGM-CSF for 3 days

Intervention group (rhGM-CSF; 450 mcg)

• Participants: n = 15

• Details: same as other group

Control group (placebo)

• Participants: n = 15

• Details: inhaled placebo; same as other group

Outcomes Primary outcome: GI-HOPE score representing changes at day 4/5 with respect to baseline (at
baseline and day 4 and 5)

Secondary outcomes: number of participants with adverse events, serious adverse events and
adverse drug reactions (at baseline to 28 days); oxygenation (at baseline to day 11); APACHE (at
baseline to day 11); SOFA (at baseline to day 11); extravascular lung water index (at baseline to day
11); C-reactive Protein (at baseline to day 11); days on vasoactive drugs (at baseline to day 28); all-
cause mortality (at baseline to day 28); serum GM-CSF (at baseline and days 1 to 4)

Starting date January 2016

Contact information Email: susanne.herold@innere.med.uni-giessen.de

Notes Funding/declarations of interest: University of Giessen

NCT02595060 
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Trial name or title A phase 1/2 study to assess the safety and efficacy of MultiStem® therapy in subjects with acute res-
piratory distress syndrome

Methods RCT

Participants Target participant recruitment: 36

Inclusion criteria: between 18 and 90 years of age; moderate to severe ARDS, as defined by the
Berlin definition, requiring an endotracheal or tracheal tube; able to receive investigational medici-
nal product within 96 hours of meeting the last of the ARDS diagnosis criteria

Exclusion criteria: concurrent illness that shortens life expectancy to < 6 months; other serious
medical or psychiatric illness

Country: USA and UK

Setting: ICU

Interventions Intervention group (low dose MultiStem)

• Participants: n = not given

• Details: not given

Intervention group (high dose MultiStem)

• Participants: n = not given

• Details: not given

Control group

• Participants: n = not given

• Details: highest safe MultiStem dose (from cohorts 1 and 2) or placebo

Outcomes Primary outcomes: frequency of sustained hypoxaemia or hypotension (within 4 hours); SUSARs
(within 24 hours)

Secondary outcomes: frequency of adverse events (up to 365 days); changes in vital signs (up to 7
days); changes in blood safety laboratories (up to 7 days); VFDs (28 days); ICU-free days (28 days);
total length of hospital stay (28 days); all-cause mortality (28 days); changes in levels of oxygena-
tion (up to 28 days); changes in PEEP (up to 28 days); changes in respiratory physiologic measures
including lung compliance and airway resistance (peak and plateau pressures) (up to day 365); all-
cause mortality (up to day 365)

Starting date January 2016

Contact information Email: ating@athersysltd.co.uk

Notes Funding/declarations of interest: Athersys Inc; Athersys Limited; Cell Therapy Catapult

NCT02611609 

 
 

Trial name or title A randomized, blind, placebo-controlled, parallel group, multicenter study to evaluate the safety
and dose response relationship of ulinastatin for acute respiratory distress syndrome (ARDS)

Methods RCT

NCT02895191 
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Participants Target participant recruitment: 60

Inclusion criteria: provided signed written informed consent form from the patient or the pa-
tient's legal representative; men or women ≥ 18 years of age; ARDS defined using 2012 Berlin Crite-
ria; ARDS diagnosed ≤ 7 days; mechanically ventilated (invasive or noninvasive or both); 100 mmHg
< PaO2/FiO2 < 250 mmhg with CPAP/PEEP ≥ 5 cmH2O

Exclusion criteria: patients with known hypersensitivity to ulinastatin/adjuvant or patient with
allergic constitution; with artificial organ replacement therapy for liver or kidney; GCS ≤ 8; cardio-
genic pulmonary oedema as the only or primary reason for respiratory failure; ARDS caused by
burning, drowning, poisoning; presence of severe chronic liver diseases (Child-Pugh score 12 - 15)
or severe chronic respiratory disease with a PaCO2 > 50 mmHg or the use of home oxygen; neu-

trophils < 1.5 × 109/L; moribund patients, or with recent cardiopulmonary arrest; needing long-
term glucocorticoid treatment or need to be treated with immunosuppressive drugs; no intent/un-
willingness to follow lung protective ventilation strategy or fluid management protocol; lung trans-
plant; with malignancy, expected to live no longer than 6 months; pregnant or breastfeeding; have
participated in any clinical study within 3 months prior to the screening; with any condition that
in the opinion of the investigator would add to the patient's risk or jeopardize the operation of the
study

Country: China

Setting: ICU

Interventions Intervention group (Ulinastatin; 4.8 million units per day)

• Participants: n = 15

• Details: will receive study drug for 7 to 14 days

Intervention group (Ulinastatin; 2.4 million units per day)

• Participants: n = 15

• Details: same as previous intervention

Intervention group (Ulinastatin; 1.2 million units per day)

• Participants: n = 15

• Details: same as previous intervention

Control group

• Participants: n = 15

• Details: same as intervention groups using control agent

Outcomes Primary outcome: incidence of adverse events (day 1 to 90)

Secondary outcomes: changes of PaO2/FiO2 ratio (day 0 and 1 to within 24 hours after last treat-

ment); days alive and oI ventilator (day 1 to 28); days in the ICU (day 1 to 14); changes of pul-
monary compliance (day 1, 3, 7, and within 24 hours after last treatment); rate of new organ failure
(day 1 to 90); changes of APACHE Ⅱ score from baseline (day 3 ,7 and within 24 hours after last treat-
ment); changes of Murray Lung Injury Score from baseline (day 3 ,7 and within 24 hours after last
treatment); changes of SOFA score from baseline (day 3 ,7 and within 24 hours after last treatment);
all-cause mortality (day 28 ,90 and day 1 to 14)

Starting date August 2016

Contact information Name: Dr Yimin Li

Notes Funding/declarations of interest: First Affiliated Hospital of Guangzhou Medical University

NCT02895191  (Continued)
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Trial name or title A phase 2, randomized, double-blind, placebo-controlled, preliminary efficacy study of IC14 in
acute respiratory distress syndrome

Methods RCT

Participants Target participant recruitment: 160

Inclusion criteria: ICU admission; between 18 and 70 years of age; presence of a known ARDS clini-
cal risk within 7 days of onset; anticipated duration of mechanical ventilation > 48 hours

Exclusion criteria: treatment with a drug or device within the last 30 days that has not received
regulatory approval at the time of study entry; intubation for cardiopulmonary arrest; DNAR status;
intubation for status asthmaticus, pulmonary embolus, myocardial infarction; anticipated survival
< 48 hours from intubation; anticipated survival < 28 days due to pre-existing medical condition;
significant pre-existing organ dysfunction; currently receiving home oxygen therapy as document-
ed in medical record; pre-existing congestive heart failure; chronic renal failure requiring renal re-
placement therapy; severe chronic liver disease; organ transplant recipient; chronic high-dose cor-
ticosteroids; oncolytic drug therapy within the past 14 days; known HIV positive; current treatment
with enbrel (etanercept), remicade (infliximab), humira (adalimumab), cimzia (certolizumab), or
simponi (golimumab), kineret (anakinra), or arcalyst (rilonacept); pregnancy; history of hypersensi-
tivity or idiosyncratic reaction to IC14; deprivation of freedom by administrative or court order

Country: USA

Setting: ICU

Interventions Intervention group (IC14)

• Participants: n = not given

• Details: 4 mg/kg on study day 1, then 2 mg/kg once daily on study days 2 to 4

Control group (placebo)

• Participants: n = not given

• Details: normal saline for 4 days beginning within 48 hours of meeting inclusion criteria

Outcomes Primary outcomes: safety (28 days); VFDs (28 days)

Secondary outcomes: change in ARDS biologic markers (28 days)

Starting date 11 January 2017

Contact information Email: garry.redlich@implicitbioscience.com

Notes Funding/declarations of interest: Implicit Bioscience

NCT03017547 

 
 

Trial name or title Repair of acute respiratory distress syndrome by stromal cell administration (REALIST): an open
label dose escalation phase 1 trial followed by a randomized, double-blind, placebo-controlled
phase 2 trial

Methods RCT

Participants Target participant recruitment: 75

NCT03042143 
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Inclusion criteria: ≥ 16 years of age; ARDS as defined by the Berlin definition; onset within 1 week
of identified insult; within the same 24 hours time period; hypoxic respiratory failure (PaO2/ FiO2

ratio ≤ 27 kPa on PEEP ≥ 5 cmH2O); bilateral infiltrates on chest X-ray consistent with pulmonary

oedema not explained by another pulmonary pathology; respiratory failure not fully explained by
cardiac failure or fluid overload; receiving invasive mechanical ventilation

Exclusion criteria: > 48 hours from the onset of ARDS; < 16 years of age; pregnant; participation
in clinical trial of an investigational medicinal product within 30 days; major trauma in the prior
5 days; presence of any active malignancy (other than non-melanoma skin cancer) that required
treatment within the last year; WHO Class III or IV pulmonary hypertension; venous thromboem-
bolism currently receiving anticoagulation or within the past 3 months; currently receiving ECLS;
severe chronic liver disease with Child-Pugh score > 12; DNAR order in place; treatment withdraw-
al imminent within 24 hours; consent declined; prisoners; non-English-speaking patients or those
who do not adequately understand verbal or written information unless an interpreter is available;
previously enrolled in the REALIST trial

Country: UK

Setting: ICU

Interventions Intervention group (MSC)

• Participants: n = not given

• Details: human umbilical cord-derived CD362 enriched MSCs; maximum tolerated dose from the
phase 1 trial will be infused over 30 to 90 minutes

Control group (placebo)

• Participants: n = not given

• Details: Plasma-Lyte 148 infused over 30 to 90 minutes

Outcomes Primary outcomes: OI (at day 7); incidence of serious adverse events (at 28 days)

Secondary outcomes: OI (days 4 and 14); SOFA score (days 4, 7 and 14); Crs (days 4, 7 and 14); P/F
ratio (days 4, 7 and 14)

Starting date 22 November 2018

Contact information Email: d.f.mcauley@qub.ac.uk

Notes Funding/declarations of interest: Belfast Health and Social Care Trust; Queen's University,
Belfast; Northern Ireland Clinical Trials Unit; NHS Blood and Transplant

NCT03042143  (Continued)

 
 

Trial name or title A phase IIa, placebo controlled, multicenter pilot study to evaluate the safety and efficacy of
BIO-11006 inhalation solution in patients with acute respiratory distress syndrome

Methods RCT

Participants Target participant recruitment: 60

Inclusion criteria: patients between 18 and 75 years of age; provided (or relative has) written in-
formed consent and authorisation for use and disclosure of protected health information; has a
clinical diagnosis of sepsis or septic shock; enrolment must occur within 48 hours of first meeting
ARDS criteria according to the Berlin definition of ARDS (ARDS Definition Task Force 2012) and no
more than 72 hours from the initiation of mechanical ventilation

NCT03202394 
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Exclusion criteria: < 18 or > 75 years of age; > 48 hours since first meeting ARDS criteria according
to the Berlin definition of ARDS; pregnant or breastfeeding; prisoner; any other irreversible disease
or condition for which 6-month mortality is estimated to be > 50%; moderate to severe liver failure
(Child Pugh Score > 12); severe chronic respiratory disease with a PaCO2 > 50 mmHg or the use of

home oxygen; patient, surrogate, or physician not committed to full support; major trauma in the
prior 5 days; lung transplant patient; no consent/inability to obtain consent; moribund patient not
expected to survive 24 hours; WHO Functional; class III or IV pulmonary hypertension; no intent/un-
willingness to follow lung protective ventilation strategy or fluid management protocol; currently
receiving extracorporeal life support or high-frequency oscillatory ventilation; known hypersensi-
tivity to BIO 11006; burn victims > 20% TBSA or with known airway inhalation injury

Country: USA

Setting: multicentre; ICU

Interventions Intervention group (BIO-11006)

• Participants: n = 30

• Details: aerosolized BIO-11006; 125 mg in 3 mL half normal saline; twice daily plus ventilation for
up to 28 days

Control group (placebo)

• Participants: n = 30

• Details: aerosolized placebo; 3 mL half normal saline; twice daily plus ventilation for up to 28 days

Outcomes Primary outcome: incidence of treatment-emergent adverse events (at 28 days)

Secondary outcomes: mortality (at 28 days and 180 days); number of ICU-free days (at 28 days);
VFDs (at 28 days); change in S/F ratio (at 28 days); change in pro-inflammatory biomarkers from
baseline to end of treatment (pretreatment and end of treatment period)

Starting date 5 August 2017

Contact information Email: bdickson@biomarck.com

Notes Funding/declarations of interest: BioMarck Pharmaceuticals, Ltd.

NCT03202394  (Continued)

 
 

Trial name or title NAC in early acute respiratory distress syndrome

Methods RCT

Participants Target participant recruitment: 52

Inclusion criteria: adult patients admitted to the medical intensive care unit or coronary care unit;
mechanically ventilated with a positive end expiratory pressure > 5 cmH2O, with noncardiogenic

pulmonary oedema on chest x-ray within 48 hours of being noted to have a P/F ratio < 150

Exclusion criteria: patients < 18 years of age; patients for whom no aggressive measures are de-
sired; already receiving "rescue methods" (prone positioning, advanced ventilator modes, paralyt-
ics); trauma patients; vulnerable patient groups (pregnant, prisoners); have undergone a surgical
operation during their time on the ventilator; with end-stage liver disease; on chronic ventilators;
asthmatics

Country: USA

NCT03346681 
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Setting: ICU

Interventions Intervention group (NAC)

• Participants: n = not given

• Details: not given

Control group

• Participants: n = not given

• Details: not given

Outcomes Primary outcome: ventilator days (from time of intubation until one of predefined endpoints (up
to 60 days))

Secondary outcome: ICU days (from time of admission to the ICU until transfer out of the unit (up
to 60 days)); mortality (up to 60 days); P/F ratio (daily until predefined endpoints (up to 60 days));
use of "rescue" manoeuvre (daily until the predefined endpoints (up to 60 days))

Starting date 1 February 2018

Contact information Email: drjudlewis@gmail.com

Notes  

NCT03346681  (Continued)

 
 

Trial name or title Procollagen-3 driven corticosteroids for persistent acute respiratory distress syndrome

Methods RCT

Participants Target participant recruitment: 356

Inclusion criteria: ≥ 18 years of age; continuous endotracheal ventilation; moderate to severe
ARDS according to Berlin definition with PaO2/FiO2 ≤ 200 with PEEP ≥ 5 cmH2O; date of ARDS onset:

≥ day 5 and ≤ day 14 after the onset of ARDS criteria (regardless of ARDS severity); procollagen III >
9 µg/L in a bronchoalveolar lavage performed by the attending physician between days 3 and 13 af-
ter the onset of ARDS and realized within 5 days prior to randomization

Exclusion criteria: known pregnancy or breastfeeding; participation to another interventional trial
within 30 days with mortality or VFDs as the main endpoint; clinical evidence of active untreated in-
fection; known, undrained abscess; intravascular nidus of infection; disseminated fungal infection

Country: France

Setting: ICU

Interventions Intervention group (methylprednisolone)

• Participants: n = not given

• Details: methylprednisolone

Control group (placebo)

• Participants: n = not given

• Details: methylprednisolone placebo

Outcomes Primary outcome: ventilator-free days (at 60 days)

NCT03371498 
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Secondary outcome: ICU and hospital mortality (at 90 days)

Starting date 15 January 2018

Contact information Email: jean-marie.forel@ap-hm.fr

Notes Funding/declarations of interest: Assistance Publique Hopitaux De Marseille

NCT03371498  (Continued)

 
 

Trial name or title Human umbilical cord derived mesenchymal stem cells therapy in acute respiratory distress syn-
drome: a pilot study

Methods RCT

Participants Target participant recruitment: 12

Inclusion criteria: ≥ 18 years of age; invasive ventilation, OI (PaO2/FiO2) < 200; PEEP ≥ 8 cmH2O; bi-

lateral infiltration of lung in X-ray or CT; 1 week after onset; still OI < 200 after protective ventilation
or conservative fluid management

Exclusion criteria: any malignant disease; cardiogenic pulmonary oedema; > 50% atelectasis ei-
ther lung lobe in X-ray; pregnancy or perinatal or lactation; previous end-stage respiratory disease;
> 3 organs failure; liver failure with MELD score > 40; stage III or IV pulmonary hypertension; nonin-
vasive arterial and central venous catheter; concurrent deep venous thrombus or pulmonary em-
bolism in 3 months; cerebral hernia; > 96 hours after ARDS onset

Country: China

Setting: ICU

Interventions Intervention group (UCMSCs)

• Participants: n = not given

• Details: intravenous infusion of 60 million UCMSCs suspended in 100 mL normal saline, infusion
duration 30 to 60 minutes

Control group (placebo)

• Participants: n = not given

• Details: intravenous infusion of 100 mL normal saline, infusion duration 30 to 60 minutes

Outcomes Primary outcome: infusion-associated events (from infusion beginning to the second day, 24
hours)

Secondary outcomes: VFDs (from the day of UCMSCs use to day 28); OI changes (day 0 to 7); LIS
(day 0, 1, 3, 7); PEEP (day 0 to 7); plateau pressure (day 0 to 7); driving pressure (day 0 to 7); static
compliance (day 0 to 7)

Starting date August 2018

Contact information Email: ylhmin@hotmail.com

Notes Funding/declarations of interest: Sun Yat-sen University

NCT03608592 
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Trial name or title Evaluating the efficacy of dexamethasone in the treatment of patients with persistent acute respi-
ratory distress syndrome: Study protocol for a randomized controlled trial

Methods RCT

Participants Target participant recruitment: 314

Inclusion criteria: ≥18 years of age; acute onset of ARDS, as defined by the AECC criteria for ARDS
(Bernard 1994); be intubated and mechanically ventilated; signed written informed consent from
the patient or the patient's personal legal representative

Exclusion criteria: pregnant or lactating; involved in another experimental treatment proto-
col; brain death; terminal-stage cancer or other terminal disease; do-not-resuscitate orders; im-
mune-compromised; receiving corticosteroids or immunosuppressive drugs; > 24 hours had
elapsed after initially meeting the AECC ARDS criteria (Bernard 1994) before consent and results of
initial standard ventilator settings could be obtained; severe COPD; congestive heart failure

Country: Spain

Setting: ICU

Interventions Intervention group (dexamethasone)

• Participants: n = not given

• Details: dexamethasone; 20 mg/IV/daily/from day 1 of randomization during 5 days, followed by
10 mg/IV/daily/ from day 6 to 10 of randomization

Control group (standard therapy)

• Participants: n = not given

• Details: treated with conventional treatment

Outcomes Primary outcome: VFDs (at 28 days)

Secondary outcomes: mortality (at 60 days); organ failure (at ICU discharge)

Starting date April 2013

Contact information Email: jesus.villar54@gmail.com

Notes Funding/declarations of interest: Dr Negrin University Hospital; Fundación Mutua Madrileña; Aso-
ciación Científica Pulmón y Ventilación Mecánica

Villar 2016 

AECC: American-European consensus conference (Bernard 1991); AIDS: acquired immunodeficiency syndrome; ALI: acute lung injury;
APACHE: acute physiology and chronic health evaluation; aPC: activated protein C; APTT: activated partial thromboplastin time; ARDS:
acute respiratory distress syndrome; BIO-11006: drug name (10-amino acid peptide developed as a potential treatment for COPD);
BIPAP: bi-level positive airway pressure; CAP: community-acquired pneumonia; COPD: chronic obstructive pulmonary disease; CPAP:
continuous positive airway pressure; Crs: respiratory compliance; CT: computed tomography; DNAR: do not attempt resuscitation; ECLS:
extracorporeal life support; ECMO: extracorporeal membrane oxygenation; EQ5D: EuroQOL five dimensions questionnaire; FiO2: fraction

of inspired oxygen; FP-1201-lyo: intravenously administered recombinant human interferon beta-1a; GCS: Glasgow coma scale; GI-HOPE:
Host defence and pulmonary barrier restoration; GM-CSF: granulocyte-macrophage colony stimulating factor; HAP: hospital-acquired
pneumonia; HFOV: high-frequency oscillatory ventilation; HLA-D: human leucocyte antigen – antigen D related; HMGB-1: high mobility
group box 1 protein; hucMSC: human derived mesenchymal stromal cells;
IC14: drug name (recombinant chimeric human/murine monoclonal antibody); ICU: intensive care unit; IFN: interferon; IU: international
unit; IV: intravenous; LIS: lung injury score; MELD: model for end-stage liver disease; MSC: mesenchymal stem cell; NS: normal saline;
NYHA: New York Heart Association; OI: oxygenation index; PaCO2: partial pressure of carbon dioxide in the arterial blood; PaO2: partial

pressure of arterial oxygen; PCT: procalcitonin; PEEP: positive end-expiratory pressure; P/F ratio: partial pressure of arterial oxygen to
the fraction of inspired oxygen ratio; PIP: peak inspiratory pressure; RCT: randomized control trial; rhGM-CSF: molgramostim; SOFA:

Pharmacological agents for adults with acute respiratory distress syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

144



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

sequential organ failure assessment; S/F ratio: oxygen saturation to fraction of inspired oxygen ratio; SF-36: short form health survey;
SUSARs: suspected unexpected serious adverse reactions; TBSA: total body surface area; TNF-a: tumour necrosis factor
UCMSCs: umbilical cord derived mesenchymal stem cells suspension; VFDs: ventilation-free days; WHO: World Health Organization
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Corticosteroids versus control

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Early mortality 6 574 Risk Ratio (M-H, Random, 95% CI) 0.77 [0.57, 1.05]

2 Duration of mechanical ventilation 3 277 Mean Difference (IV, Random, 95%
CI)

-4.30 [-9.72, 1.12]

3 Ventilator-free days up to day 28 4 494 Mean Difference (IV, Random, 95%
CI)

4.09 [1.74, 6.44]

 
 

Analysis 1.1.   Comparison 1 Corticosteroids versus control, Outcome 1 Early mortality.

Study or subgroup Corticosteroids Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Liu 2012 2/12 7/14 4.63% 0.33[0.08,1.31]

Meduri 2007 15/63 12/28 17.86% 0.56[0.3,1.03]

Rezk 2013 0/18 3/9 1.12% 0.08[0,1.32]

Steinberg 2006 26/89 26/91 26.3% 1.02[0.65,1.62]

Tongyoo 2016 34/98 40/99 33.84% 0.86[0.6,1.23]

Zhao 2014 9/24 13/29 16.25% 0.84[0.43,1.61]

   

Total (95% CI) 304 270 100% 0.77[0.57,1.05]

Total events: 86 (Corticosteroids), 101 (Control)  

Heterogeneity: Tau2=0.04; Chi2=6.86, df=5(P=0.23); I2=27.13%  

Test for overall effect: Z=1.66(P=0.1)  

Favours corticosteroids 5000.002 100.1 1 Favours control

 
 

Analysis 1.2.   Comparison 1 Corticosteroids versus control, Outcome 2 Duration of mechanical ventilation.

Study or subgroup Corticosteroids Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Rezk 2013 18 10.6 (4.4) 9 20.3 (1.9) 33.39% -9.77[-12.14,-7.4]

Tongyoo 2016 98 11.8 (7.8) 99 13.9 (9) 33.43% -2.1[-4.45,0.25]

Zhao 2014 24 10.5 (4.6) 29 11.6 (4.6) 33.18% -1.01[-3.5,1.48]

   

Total *** 140   137   100% -4.3[-9.72,1.12]

Heterogeneity: Tau2=21.41; Chi2=30.5, df=2(P<0.0001); I2=93.44%  

Test for overall effect: Z=1.56(P=0.12)  

Favours corticosteroids 10050-100 -50 0 Favours control
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Analysis 1.3.   Comparison 1 Corticosteroids versus control, Outcome 3 Ventilator-free days up to day 28.

Study or subgroup Corticosteroids Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Liu 2012 12 13.9 (11.3) 14 12.8 (11.3) 6.59% 1.1[-7.61,9.81]

Meduri 2007 63 16.5 (10.1) 28 8.7 (10.2) 19.54% 7.8[3.27,12.33]

Steinberg 2006 89 11.2 (9.4) 91 6.8 (8.5) 37.81% 4.4[1.78,7.02]

Tongyoo 2016 98 12 (9.7) 99 9.7 (10) 36.06% 2.3[-0.45,5.05]

   

Total *** 262   232   100% 4.09[1.74,6.44]

Heterogeneity: Tau2=2.01; Chi2=4.68, df=3(P=0.2); I2=35.96%  

Test for overall effect: Z=3.41(P=0)  

Favours control 105-10 -5 0 Favours corticosteroids

 
 

Comparison 2.   Surfactant versus control

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Early mortality 9 1338 Risk Ratio (M-H, Random, 95% CI) 1.08 [0.91, 1.29]

2 Ventilator-free days up to day 28 2 344 Mean Difference (IV, Random, 95% CI) -0.39 [-2.49, 1.72]

3 Adverse events 2 88 Risk Ratio (M-H, Random, 95% CI) 0.5 [0.17, 1.44]

 
 

Analysis 2.1.   Comparison 2 Surfactant versus control, Outcome 1 Early mortality.

Study or subgroup Surfactants control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Barrese-Perez 2015 13/24 9/24 7.13% 1.44[0.77,2.72]

Kesecioglu 2001 2/22 6/14 1.4% 0.21[0.05,0.91]

Kesecioglu 2009 60/208 51/210 25.47% 1.19[0.86,1.64]

Spragg 2002a 34/106 29/115 15.64% 1.27[0.84,1.93]

Spragg 2002b 46/117 42/108 24.63% 1.01[0.73,1.4]

Spragg 2003 7/27 5/13 3.32% 0.67[0.26,1.72]

Tsangaris 2007 0/8 1/8 0.32% 0.33[0.02,7.14]

Walmrath 2000 4/14 4/12 2.21% 0.86[0.27,2.71]

Willson 2015 42/151 41/157 19.89% 1.07[0.74,1.54]

   

Total (95% CI) 677 661 100% 1.08[0.91,1.29]

Total events: 208 (Surfactants), 188 (control)  

Heterogeneity: Tau2=0; Chi2=8.41, df=8(P=0.39); I2=4.89%  

Test for overall effect: Z=0.93(P=0.35)  

Favours surfactants 2000.005 100.1 1 Favours control
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Analysis 2.2.   Comparison 2 Surfactant versus control, Outcome 2 Ventilator-free days up to day 28.

Study or subgroup Surfactants control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kesecioglu 2001 22 12.7 (9.7) 14 11.9 (11.2) 8.7% 0.8[-6.33,7.93]

Willson 2015 151 12.5 (9.9) 157 13 (9.8) 91.3% -0.5[-2.7,1.7]

   

Total *** 173   171   100% -0.39[-2.49,1.72]

Heterogeneity: Tau2=0; Chi2=0.12, df=1(P=0.73); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Favours surfactants 10050-100 -50 0 Favours control

 
 

Analysis 2.3.   Comparison 2 Surfactant versus control, Outcome 3 Adverse events.

Study or subgroup Surfactants control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Barrese-Perez 2015 4/24 8/24 100% 0.5[0.17,1.44]

Spragg 2003 0/27 0/13   Not estimable

   

Total (95% CI) 51 37 100% 0.5[0.17,1.44]

Total events: 4 (Surfactants), 8 (control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.28(P=0.2)  

Favours surfactants 1000.01 100.1 1 Favours control

 
 

Comparison 3.   Statins versus control

Outcome or subgroup title No. of
studies

No. of par-
ticipants

Statistical method Effect size

1 Early mortality 3 1344 Risk Ratio (M-H, Random, 95% CI) 0.99 [0.78, 1.26]

2 Ventilator-free days up to day 28 3 1342 Mean Difference (IV, Random, 95% CI) 0.40 [-0.71, 1.52]

 
 

Analysis 3.1.   Comparison 3 Statins versus control, Outcome 1 Early mortality.

Study or subgroup Statins Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

HARP 2011 11/30 11/30 11.17% 1[0.51,1.94]

HARP-2 2014 57/259 75/280 38.65% 0.82[0.61,1.11]

SAILS 2014 108/379 91/366 50.18% 1.15[0.9,1.46]

   

Total (95% CI) 668 676 100% 0.99[0.78,1.26]

Total events: 176 (Statins), 177 (Control)  

Heterogeneity: Tau2=0.01; Chi2=2.89, df=2(P=0.24); I2=30.85%  

Test for overall effect: Z=0.06(P=0.95)  

Favours statins 100.1 50.2 20.5 1 Favours control
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Analysis 3.2.   Comparison 3 Statins versus control, Outcome 2 Ventilator-free days up to day 28.

Study or subgroup Statins Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

HARP 2011 30 8.2 (8.1) 30 9.1 (8.7) 6.89% -0.9[-5.15,3.35]

HARP-2 2014 258 12.6 (9.9) 279 11.5 (10.4) 42.28% 1.1[-0.62,2.82]

SAILS 2014 379 15.1 (10.8) 366 15.1 (11) 50.83% 0[-1.57,1.57]

   

Total *** 667   675   100% 0.4[-0.71,1.52]

Heterogeneity: Tau2=0; Chi2=1.25, df=2(P=0.54); I2=0%  

Test for overall effect: Z=0.71(P=0.48)  

Favours statins 105-10 -5 0 Favours control

 
 

Comparison 4.   Beta-agonist versus control

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Early mortality 3 646 Risk Ratio (M-H, Random, 95% CI) 1.14 [0.91, 1.42]

2 Ventilator-free days up to day 28 3 646 Mean Difference (IV, Random, 95% CI) -2.20 [-3.68, -0.71]

3 Adverse events 2   Risk Ratio (M-H, Random, 95% CI) Subtotals only

 
 

Analysis 4.1.   Comparison 4 Beta-agonist versus control, Outcome 1 Early mortality.

Study or subgroup Beta-agonists Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ALTA 2011 34/152 22/130 21.5% 1.32[0.82,2.14]

BALTI 2006 11/19 14/21 20.98% 0.87[0.53,1.42]

BALTI-2 2013 62/161 53/163 57.52% 1.18[0.88,1.59]

   

Total (95% CI) 332 314 100% 1.14[0.91,1.42]

Total events: 107 (Beta-agonists), 89 (Control)  

Heterogeneity: Tau2=0; Chi2=1.7, df=2(P=0.43); I2=0%  

Test for overall effect: Z=1.12(P=0.26)  

Favours beta-agonists 1000.01 100.1 1 Favours control

 
 

Analysis 4.2.   Comparison 4 Beta-agonist versus control, Outcome 2 Ventilator-free days up to day 28.

Study or subgroup Beta-agonists Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

ALTA 2011 152 14.4 (10.7) 130 16.6 (10.7) 35.46% -2.2[-4.7,0.3]

BALTI 2006 19 6.2 (8.9) 21 5.3 (8.6) 7.5% 0.9[-4.54,6.34]

Favours control 105-10 -5 0 Favours beta-agonists
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Study or subgroup Beta-agonists Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

BALTI-2 2013 161 8.5 (8.8) 163 11.1 (9.3) 57.04% -2.6[-4.57,-0.63]

   

Total *** 332   314   100% -2.2[-3.68,-0.71]

Heterogeneity: Tau2=0; Chi2=1.41, df=2(P=0.49); I2=0%  

Test for overall effect: Z=2.89(P=0)  

Favours control 105-10 -5 0 Favours beta-agonists

 
 

Analysis 4.3.   Comparison 4 Beta-agonist versus control, Outcome 3 Adverse events.

Study or subgroup Beta-agonists Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

ALTA 2011 6/152 7/130 0% 0.73[0.25,2.13]

BALTI-2 2013 47/161 5/163 0% 9.52[3.89,23.31]

Favours beta-agonists 1000.01 100.1 1 Favours control

 
 

Comparison 5.   Other pharmacological agents versus control

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Early mortality 18   Risk Ratio (M-H, Random, 95% CI) Subtotals only

1.1 ACE inhibitor 1 58 Risk Ratio (M-H, Random, 95% CI) 1.17 [0.45, 3.05]

1.2 rhACE2 1 39 Risk Ratio (M-H, Random, 95% CI) 0.70 [0.23, 2.10]

1.3 Palifermin 1 60 Risk Ratio (M-H, Random, 95% CI) 2.78 [1.13, 6.83]

1.4 AP301 1 40 Risk Ratio (M-H, Random, 95% CI) 1.5 [0.50, 4.52]

1.5 Prostacyclins 2 167 Risk Ratio (M-H, Random, 95% CI) 0.83 [0.46, 1.52]

1.6 Lisofylline 1 235 Risk Ratio (M-H, Random, 95% CI) 1.31 [0.87, 1.98]

1.7 Ketaconazole 1 234 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.72, 1.46]

1.8 GM-CSF 1 130 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.38, 1.52]

1.9 Mesenchymal stem cells 2 72 Risk Ratio (M-H, Random, 95% CI) 1.28 [0.58, 2.85]

1.10 Nitroglycerin 1 43 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.16, 2.10]

1.11 OTZ 1 215 Risk Ratio (M-H, Random, 95% CI) 1.88 [1.12, 3.16]

1.12 Sivelestat 3 529 Risk Ratio (M-H, Random, 95% CI) 1.10 [0.73, 1.67]

1.13 Ulinastatin 1 30 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.23, 1.89]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.14 Anisodimine 1 50 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.45, 2.47]

2 Late mortality 3   Risk Ratio (M-H, Random, 95% CI) Totals not selected

2.1 Palifermin 1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

2.2 GM-CSF 1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

2.3 Sivelestat 1   Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

3 Duration of mechanical
ventilation

6   Mean Difference (IV, Random, 95% CI) Totals not selected

3.1 Anisodimine 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3.2 Prostacyclins 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3.3 Nitroglycerin 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3.4 Sivelestat 2   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3.5 GM-CSF 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

4 Ventilator-free days up to
day 28

4   Mean Difference (IV, Random, 95% CI) Totals not selected

4.1 OTZ 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

4.2 GM-CSF 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

4.3 Sivelestat 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

4.4 MSCs 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 5.1.   Comparison 5 Other pharmacological agents versus control, Outcome 1 Early mortality.

Study or subgroup Pharmacolog-
ical agents

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.1.1 ACE inhibitor  

Wirtz 2017 7/29 6/29 100% 1.17[0.45,3.05]

Subtotal (95% CI) 29 29 100% 1.17[0.45,3.05]

Total events: 7 (Pharmacological agents), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.31(P=0.75)  

   

5.1.2 rhACE2  

Khan 2017 4/19 6/20 100% 0.7[0.23,2.1]

Subtotal (95% CI) 19 20 100% 0.7[0.23,2.1]

Favours agent 1000.01 100.1 1 Favours control
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Study or subgroup Pharmacolog-
ical agents

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 4 (Pharmacological agents), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.63(P=0.53)  

   

5.1.3 Palifermin  

KARE 2017 13/29 5/31 100% 2.78[1.13,6.83]

Subtotal (95% CI) 29 31 100% 2.78[1.13,6.83]

Total events: 13 (Pharmacological agents), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.23(P=0.03)  

   

5.1.4 AP301  

Krenn 2017 6/20 4/20 100% 1.5[0.5,4.52]

Subtotal (95% CI) 20 20 100% 1.5[0.5,4.52]

Total events: 6 (Pharmacological agents), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

   

5.1.5 Prostacyclins  

Liu 2017 3/33 6/32 21.24% 0.48[0.13,1.78]

Vincent 2001 19/70 9/32 78.76% 0.97[0.49,1.89]

Subtotal (95% CI) 103 64 100% 0.83[0.46,1.52]

Total events: 22 (Pharmacological agents), 15 (Control)  

Heterogeneity: Tau2=0; Chi2=0.86, df=1(P=0.35); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

   

5.1.6 Lisofylline  

ARDS Network 2002 37/116 29/119 100% 1.31[0.87,1.98]

Subtotal (95% CI) 116 119 100% 1.31[0.87,1.98]

Total events: 37 (Pharmacological agents), 29 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.28(P=0.2)  

   

5.1.7 Ketaconazole  

KARMA 2000 41/117 40/117 100% 1.02[0.72,1.46]

Subtotal (95% CI) 117 117 100% 1.02[0.72,1.46]

Total events: 41 (Pharmacological agents), 40 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.14(P=0.89)  

   

5.1.8 GM-CSF  

Paine 2012 11/64 15/66 100% 0.76[0.38,1.52]

Subtotal (95% CI) 64 66 100% 0.76[0.38,1.52]

Total events: 11 (Pharmacological agents), 15 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.78(P=0.43)  

   

5.1.9 Mesenchymal stem cells  

START 2018 15/40 5/20 85.89% 1.5[0.64,3.54]

Zheng 2014 1/6 2/6 14.11% 0.5[0.06,4.15]

Subtotal (95% CI) 46 26 100% 1.28[0.58,2.85]

Favours agent 1000.01 100.1 1 Favours control
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Study or subgroup Pharmacolog-
ical agents

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 16 (Pharmacological agents), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.89, df=1(P=0.35); I2=0%  

Test for overall effect: Z=0.62(P=0.54)  

   

5.1.10 Nitroglycerin  

Liu 2015 3/22 5/21 100% 0.57[0.16,2.1]

Subtotal (95% CI) 22 21 100% 0.57[0.16,2.1]

Total events: 3 (Pharmacological agents), 5 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.84(P=0.4)  

   

5.1.11 OTZ  

Morris 2008 30/101 18/114 100% 1.88[1.12,3.16]

Subtotal (95% CI) 101 114 100% 1.88[1.12,3.16]

Total events: 30 (Pharmacological agents), 18 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.38(P=0.02)  

   

5.1.12 Sivelestat  

Endo 2006 2/13 5/13 7.76% 0.4[0.09,1.7]

Kadoi 2004 3/12 3/12 8.43% 1[0.25,4]

STRIVE 2004 87/235 74/244 83.8% 1.22[0.95,1.57]

Subtotal (95% CI) 260 269 100% 1.1[0.73,1.67]

Total events: 92 (Pharmacological agents), 82 (Control)  

Heterogeneity: Tau2=0.04; Chi2=2.27, df=2(P=0.32); I2=12.04%  

Test for overall effect: Z=0.45(P=0.65)  

   

5.1.13 Ulinastatin  

Chen 2017 4/15 6/15 100% 0.67[0.23,1.89]

Subtotal (95% CI) 15 15 100% 0.67[0.23,1.89]

Total events: 4 (Pharmacological agents), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.76(P=0.45)  

   

5.1.14 Anisodimine  

Guoshou 2013 8/26 7/24 100% 1.05[0.45,2.47]

Subtotal (95% CI) 26 24 100% 1.05[0.45,2.47]

Total events: 8 (Pharmacological agents), 7 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.9)  

Test for subgroup differences: Chi2=13.74, df=1 (P=0.39), I2=5.37%  

Favours agent 1000.01 100.1 1 Favours control

 
 

Analysis 5.2.   Comparison 5 Other pharmacological agents versus control, Outcome 2 Late mortality.

Study or subgroup Pharmacological agents Control Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

5.2.1 Palifermin  

Favours agent 1000.01 100.1 1 Favours control
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Study or subgroup Pharmacological agents Control Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

KARE 2017 15/29 8/31 2[1,4.01]

   

5.2.2 GM-CSF  

Paine 2012 14/64 18/66 0.8[0.44,1.47]

   

5.2.3 Sivelestat  

STRIVE 2004 97/229 77/241 1.33[1.04,1.68]

Favours agent 1000.01 100.1 1 Favours control

 
 

Analysis 5.3.   Comparison 5 Other pharmacological agents
versus control, Outcome 3 Duration of mechanical ventilation.

Study or subgroup Pharmacological agents Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

5.3.1 Anisodimine  

Guoshou 2013 26 5.5 (1.4) 24 7.6 (2.5) -2.1[-3.24,-0.96]

   

5.3.2 Prostacyclins  

Liu 2017 33 6.6 (0.9) 32 9.2 (0.8) -2.6[-3.01,-2.19]

   

5.3.3 Nitroglycerin  

Liu 2015 22 4.3 (0.6) 21 6.1 (0.7) -1.8[-2.19,-1.41]

   

5.3.4 Sivelestat  

Kadoi 2004 12 19.2 (6.8) 12 23.5 (5) -4.3[-9.08,0.48]

Ryugo 2006 7 25.9 (4.8) 7 56.3 (33.3) -30.4[-55.32,-5.48]

   

5.3.5 GM-CSF  

Paine 2012 64 15 (10.1) 66 13.7 (9.5) 1.3[-2.07,4.67]

Favours agent 5025-50 -25 0 Favours control

 
 

Analysis 5.4.   Comparison 5 Other pharmacological agents
versus control, Outcome 4 Ventilator-free days up to day 28.

Study or subgroup Pharmacological agents Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

5.4.1 OTZ  

Morris 2008 100 8.3 (9.8) 114 13.5 (10.6) -5.2[-7.93,-2.47]

   

5.4.2 GM-CSF  

Paine 2012 64 10.8 (10.5) 66 10.7 (10.3) 0.1[-3.48,3.68]

   

5.4.3 Sivelestat  

STRIVE 2004 241 11.4 (10.3) 246 11.9 (10.1) -0.5[-2.31,1.31]

   

5.4.4 MSCs  

Zheng 2014 6 11.2 (11.5) 6 7.3 (7.8) 3.9[-7.22,15.02]

Favours agent 2010-20 -10 0 Favours control
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A D D I T I O N A L   T A B L E S
 

Corticosteroids versus placebo or standard care: late all-cause mortality

Study ID Intervention group, n/N Control group, n/N Effect estimate*

Steinberg 2006 28/89 29/91 RR 0.99 (95% CI 0.64 to 1.52)

Surfactants versus control: late all-cause mortality

Study ID Intervention group, n/N Control group, n/N Effect estimate*

Kesecioglu 2009 96/208 76/210 RR 1.28 (95% CI 1.01 to 1.61)

Surfactants versus control: duration of mechanical ventilation

Study ID Intervention group, mean (SD)/N Control group, mean (SD)/N Effect estimate*

Tsangaris 2007 5.6 days (± 2.6 days)/8 8.1 days (± 2.4 days)/8 MD −2.50 (95% CI −4.95 to −0.05)

N-acetylcysteine versus placebo: early all-cause mortality

Study ID Intervention group, n/N Control group, n/N Effect estimate*

Ortolani 2000 9/24 7/12 RR 0.64 (95% CI 0.32 to 1.30)

Statins versus placebo: duration of mechanical ventilation

Study ID Intervention group, mean (SD)/N Control group, mean (SD)/N Effect estimate*

HARP 2011 18.6 (± 14.6) days/30 15.9 (± 9.6) days/30 MD 2.70 (95% CI -3.55 to 8.95)

Table 1.   Main comparisons: single-study outcome data 

*eIect estimate calculated by review authors using the calculator in RevMan 5 (Review Manager 2014).
CI: confidence interval; MD: mean diIerence: n: number of participants with an event; N: number of participants in the group; RR: risk
ratio; SD: standard deviation
 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

1. "acute respiratory distress syndrome":ti,ab,kw

2. (acute or adult) and (respiratory near distress):ti,ab,kw

3. acute lung injury:ti,ab,kw

4. (acute near lung near injur*) or (shock near lung):ti,ab,kw

5. #1 or #2 or #3 or #4

6. #5 in Trials

Appendix 2. MEDLINE search strategy

1. exp Respiratory Distress Syndrome, Adult/

2. (((acute or adult) and (respiratory adj1 distress)) or ards).mp.

3. exp Acute Lung Injury/
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4. ((acute adj1 lung* adj1 injur*) or (shock adj1 lung*)).mp.

5. 1 or 2 or 3 or 4

6. ((randomized controlled trial or controlled clinical trial).pt. or random*.ab. or placebo.ab. or clinical trials as topic.sh. or trial.ti.) not
(exp animals/ not humans.sh.)

7. 5 and 6

Appendix 3. Embase search strategy

1. exp adult respiratory distress syndrome/

2. (((acute or adult) and (respiratory adj1 distress)) or ards).mp.

3. exp acute lung injury/

4. ((acute adj1 lung* adj1 injur*) or (shock adj1 lung*)).mp.

5. 1 or 2 or 3 or 4

6. (Acyclovir or Albumin* or Anisodomine* or Beta-agonist* or Corticosteroid* or Dazoxiben or Granulocyte-macrophage colony-
stimulating factor* or Indomethacin* or Interleukin-10 or Ketoconazole or Levosimendan or Lisofylline or L02-oxothiazolidine-4-
carboxylic acid or Mesenchymal stem cell* or N-acetylcysteine or procysteine or Neutrophil elastase inhibitor* or Penehyclidine
hydrochloride or Pentoxifylline or Prostaglandin E1 or Sivelestat or Statin* or Surfactant* or Xuebijing or drug* or pharmacological
agent*).mp.

7. aciclovir/ or albumin/ or exp beta adrenergic receptor stimulating agent/ or exp corticosteroid/ or dazoxiben/ or granulocyte
macrophage colony stimulating factor/ or indometacin/ or interleukin 10/ or ketoconazole/ or levosimendan/ or lisofylline/ or exp
mesenchymal stem cell/ or acetylcysteine/ or 2 oxo 4 thiazolidinecarboxylic acid/ or exp leukocyte elastase inhibitor/ or exp cholinergic
receptor blocking agent/ or pentoxifylline/ or prostaglandin E1/ or exp hydroxymethylglutaryl coenzyme A reductase inhibitor/ or
sivelestat/ or exp surfactant/ or exp drug/ or (drug administration or drug therapy).fs.

8. 6 or 7

9. 5 and 8

10.(randomized controlled trial/ or randomization/ or placebo/ or crossover procedure/ or double blind procedure/ or single blind
procedure/ or (crossover* or cross over*).ti,ab. or (doubl* adj blind*).ti,ab. or (controlled adj3 (study or design or trial)).ti,ab. or (placebo*
or allocat* or trial* or random* or groups).ti,ab.) not ((exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or
(human or humans).ti,ab.))

11.9 and 10

Appendix 4. CINAHL search strategy

S1 (MH "Respiratory Distress Syndrome, Acute")

S2 TX acute respiratory distress syndrome

S3 TX ards

S4 (MH "Acute Lung Injury")

S5 TX (acute n3 lung n3 injur*) OR TX (shock n3 lung)

S6 S1 OR S2 OR S3 OR S4 OR S5

S7 (MH "Clinical Trials+")

S8 PT Clinical trial

S9 TX clinic* n1 trial*

S10 TX ((singl* n1 blind*) or (singl* n1 mask*)) or TX ((doubl* n1 blind*) or (doubl* n1 mask*)) or TX ((tripl* n1 blind*) or (tripl* n1 mask*))
or TX ((trebl* n1 blind*) or (trebl* n1 mask*))

S11 TX randomi* control* trial*

S12 (MH "Random Assignment")

S13 TX random* allocat*

S14 TX placebo*

S15 (MH "Placebos")
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S16 (MH "Quantitative Studies")

S17 TX allocat* random*

S18 S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17

S19 S6 AND S18

Appendix 5. Summary of study characteristics: primary comparisons

 

Corticosteroids versus control

Study ID Comparison Dose Time of
ARDS on-
set

Baseline PaO2/PaO2

Mean (SD)

Lower
tidal vol-
umes

Liu 2012 Hydrocortisone

vs placebo

100 mg IV;

3 times daily for 7 days

< 72 h NR Yes

Meduri
2007

Methylprednisolone

vs placebo

1mg/kg loading dose;

240 mL normal saline at 10 mL/h of 1
mg/kg/day

daily infusion for 14 days;

halving of doses on day 15, 22 and 26,
up to day 28

< 72 h I: 118.4 (± 51.2) mmHg

C: 125.9 (± 38.6) mmHg

Yes*

Rezk 2013 Methylprednisolone

vs placebo

1 mg/kg loading dose;

240 mL normal saline at 10 mL/h of 1
mg/kg/day

daily infusion for 14 days;

halving of doses on day 15, 22 and 26,
up to day 28

< 48 h NR NR

Steinberg
2006

Methylprednisolone

vs placebo

2 mg/kg loading dose;

50 mL of 5% dextrose in water of 0.5
mg/kg;

daily infusion every 6 h for 14 days;

followed by 0.5 mg/kg every 12 h for
7 days, then tapering of dose over 4
days

7 to 28
days

I: 126 (± 42) mmHg

C:126 (± 40) mmHg

Yes*

Tongyoo
2016

Hydrocortisone

vs placebo

50 mg in 10 mL normal saline, IV bo-
lus;

every 6 h for 7 days

< 12 h I: 175.4 (± 6.9) mmHg

C: 172.4 (± 6.7) mmHg

Yes

Zhao 2014 Budesonide

vs standard care

2 mg, inhaled;

twice a day for 12 days

NR NR Yes

Surfactants versus control
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Study ID Comparison Dose Time of
ARDS on-
set

Baseline PaO2/FiO2

Mean (SD)

Lower
tidal vol-
umes

Bar-
rese-Perez
2015

Surfacen

vs standard therapy

100 mg;

every 8 h for 3 days

< 24 h NR NR

Kese-
cioglu
2001

HL-10

vs standard therapy

100 - 200 mg/kg of phospholipids;

up to 4 doses

NR I: 181 (± 91) mmHg

C: 175 (± 72) mmHg

NR

Kese-
cioglu
2009

HL10

vs standard therapy

100 mL vials of 3 mg HL10 in 60 mL
warm saline;

3 boluses at 0 h, 12 h, and 36 h

< 60 h I: 156.7 (± 54.8) mmHg

C: 161.4 (± 55.2) mmHg

Yes

Spragg
2002a

Venticute

vs placebo

1 mL/kg;

up to 4 doses in 12 to 24 h

NR NR NR

Spragg
2002b

Venticute

vs placebo

1 mL/kg;

up to 4 doses in 12 to 24 h

NR NR NR

Spragg
2003

venticute (high dose)

vs venticute (low
dose)

vs standard therapy

High dose: 1 mL/kg;

up to 4 doses in 24 h

Low dose: 0.5 mL/kg;

up to 4 doses in 24 h

< 48 h I (high): 133.6 (± 8.9)
mmHg

C (low): 113.9 (± 8.3)
mmHg

C: 120.9 (± 6.5) mmHg

NR

Tsangaris
2007

Alveofact

vs standard therapy

(200/19) mg/kg body weight < 48 h I: 100 (± 20) mmHg

C: 103 (± 14) mmHg

Yes

Walmrath
2000

Venticute

vs standard therapy

1 mL/kg;

up to 4 doses in 24 h

NR NR NR

Willson
2015

Pneumasurf

vs placebo

30 mg/cm of height;

up to 3 doses, 12 h apart

< 48 h NR Yes

N-acetylcysteine versus control

Study ID Comparison Dose Time of
ARDS on-
set

Baseline PaO2/FiO2

mean (SD)

Lower
tidal vol-
umes

Ortolani
2000

NAC

vs NAC + rutin

vs placebo

50 mg/kg NAC (+ 5 mg/kg rutin); IV
every 8 h

< 24 h NR NR

Statins versus control

  (Continued)
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Study ID Comparison Dose Time of
ARDS on-
set

Baseline PaO2/FiO2

mean (SD)

Lower
tidal vol-
umes

HARP
2011

Simvastatin

vs placebo

80 mg;

daily for 14 days

< 48 h I: 173 (± 47) mmHg

C: 166 (± 60) mmHg

No (mean
tidal vol-
umes, 8.5
mmHg)

HARP-2
2014

Simvastatin

vs placebo

80 mg;

daily for up to 28 days

< 48 h I: 123 (± 54.8) mmHg

C: 132.4 (± 55.4) mmHg

Yes

SAILS
2014

Rosuvastatin

vs placebo

40 mg loading dose;

then 20 mg daily;

for up to 28 days

< 48 h I: 170 (± 71) mmHg

C: 170 (± 67) mmHg

Yes

Beta-agonists versus control

Study ID Comparison Dose Time of
ARDS on-
set

Baseline PaO2/FiO2

mean (SD)

Lower
tidal vol-
umes

ALTA 2011 Albuterol

vs placebo

5.0 mg in saline; aerosolized;

very 4 h for up to 10 days

NR I: 170 (± 84) mmHg

C: 170 (± 84) mmHg

Yes

BALTI
2006

Salbutamol

vs placebo

0.2 mg/mL; IV 0.075 mL/kg/h;

for 7 days

< 48 h I: 15.6 (± 6.6) kPa

C: 13.7 (± 4.9) kPa

NR

BALTI-2
2013

Salbutamol

vs placebo

IV; 0.075 mL/kg/h;

for 7 days

< 72 h I: 103.5 (± 36.75) mmHg

I: 103.5 (± 36.75) mmHg

Yes

Footnotes:

*Lung protection strategies were altered part-way through the study following a publication (ARDS Network 2000); participants re-
cruited after this publication were managed with lower tidal volumes

ARDS: acute respiratory distress syndrome; C: control group; I: intervention group; IV: intravenous; NAC: N-acetylcysteine; NR: not
reported; PaO2/FiO2: ratio of partial pressure of arterial oxygen to fraction of inspired oxygen; SD: standard deviation

  (Continued)
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Date Event Description

30 September 2019 Amended Minor typos corrected

 

H I S T O R Y

Protocol first published: Issue 4, 2003
Review first published: Issue 4, 2004
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Date Event Description

6 February 2019 New search has been performed • Title of review changed

• New review authors added to replace previous author team

• Minor changes to search strategy. Searches re-run

• Studies excluded if published prior to 2000. We have therefore
excluded 23 studies from the previous version of the review
(Adhikari 2004)

• New outcome added (fitness to return to work after 12 months)

• New findings incorporated into review

• Review updated to incorporate all standard subheadings, and
'Summary of findings' tables added for primary comparisons

6 February 2019 New citation required but conclusions
have not changed

New studies, with different pharmacological agents, included in
the review update. Overall conclusions continue to show little or
no difference in outcomes, with uncertainty in the effects

13 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care

9 June 2010 Amended Contact details updated.

2 August 2008 Amended Converted to new review format.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Conceiving the review: previous review author team (Adhikari 2004)
Co-ordinating the review: SL
Undertaking manual searches: SL, MP, CT
Screening search results: SL, MP, CT
Organizing retrieval of papers: SL. CT, MP
Screening retrieved papers against inclusion criteria: SL, CT, MP
Appraising quality of papers: SL, CT, MP, AS
Abstracting data from papers: SL, CT, MP, AS
Managing data for the review: SL
Entering data into Review Manager 5 (Review Manager 2014): SL, MP, CT
Analysing Review Manager 5 statistical data: SL
Interpreting data: SL
Writing the review: SL, MP, CT
Securing funding for the Review: AS
Guarantor for the review: AS

D E C L A R A T I O N S   O F   I N T E R E S T

Sharon R Lewis: none known
Michael W Pritchard: none known
Carmel M Thomas: none known
Andrew F Smith: none known

S O U R C E S   O F   S U P P O R T

Internal sources

• No sources of support supplied

External sources

• NIHR Cochrane Incentive Awards Scheme 2018, UK.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

DiIerences between the updated review and the previous version (Adhikari 2004)

• We changed the title of the review to reflect the more recent Berlin definition of ARDS (ARDS Definition Task Force 2012).

• We changed the author team of the review. Authors of the previous version of this review were no longer involved in the review conduct
(Adhikari 2004).

• We added an extra outcome (fitness to return to work aOer 12 months) to reflect the long-term consequences of ARDS (Herridge 2003).

• Types of interventions: we excluded studies of inhaled prostacyclins because these are reviewed elsewhere. We clarified exclusion of
neuromuscular blocking agents which are used as part of a mechanical ventilation strategy. We excluded studies that were published
before 2000, in order to reflect current guidelines for lung protection strategies (FICM/ICS Guideline Development Group 2018).

• Search strategies: we amended our strategies to include additional MeSH terms, and to incorporate current RCT filters. We did not
include a search of Healthstar database because we believed that the remaining databases were suIiciently broad in scope for this
review.

• Sensitivity analysis: we expanded the number of factors in sensitivity analyses in order to explore more comprehensively the decisions
we made during the review process. We explored the eIects of excluding studies with high or unclear risk of selection bias (rather than
allocation concealment), and also included sensitivity analyses regarding use of lower tidal volumes, studies with a high risk of attrition
bias, using the alternative meta-analytic eIects model, and the use of data in multi-arm studies. However, we did not explore the eIect
of whether co-interventions were balanced between intervention and control groups.

• All sections of the review: we re-wrote all sections using current MECIR standards, and incorporating standard Cochrane subheadings.
The review now also incorporates GRADE assessments and 'Summary of findings' tables.

• Excluded studies: we have removed studies previously included. We have reported only key excluded studies identified during the 2018
search.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Respiration, Artificial;  Adrenal Cortex Hormones  [therapeutic use];  Neuromuscular Blocking Agents;  Pulmonary Surfactants
 [therapeutic use];  Randomized Controlled Trials as Topic;  Respiratory Distress Syndrome, Adult  [*drug therapy]  [*mortality]

MeSH check words

Adult; Humans
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