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A B S T R A C T

Background

Multiple pharmacologic treatments have been studied for acute lung injury (ALI) and acute respiratory distress syndrome (ARDS).

Objectives

Our objective was to determine the effects of pharmacologic treatments on clinical outcomes in adults with ALI or ARDS.

Search methods

We searched OVID versions of CENTRAL (The Cochrane Library Issue 3, 2003), MEDLINE (1966 to week 2, January 2004), EMBASE

(1980 to week 4, 2004), CINAHL (1982 to week 2, January 2004), and HEALTHSTAR (1995 to December 2003); proceedings from

four conferences (1994 to 2003); and bibliographies of review articles and included studies.

Selection criteria

Randomized controlled trials of pharmacologic treatments compared to no therapy or placebo for established ALI or ARDS in adults

admitted to an intensive care unit, with measurement of early mortality (primary outcome), late mortality, duration of mechanical

ventilation, ventilator-free days to day 28, or adverse events. We excluded trials of nitric oxide, partial liquid ventilation, fluid and

nutritional interventions, oxygen, and trials in other populations reporting outcomes in subgroups of patients with ALI or ARDS.

Data collection and analysis

Two reviewers independently screened titles and abstracts, rated studies for inclusion, extracted data and assessed methodologic quality

of included studies. Disagreements were resolved by consensus in consultation with a third reviewer. For each pharmacologic therapy,

we quantitatively pooled the results of studies using random effects models where permitted by the available data. We contacted study

authors when clarification of the primary outcome was required.
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Main results

Thirty three trials randomizing 3272 patients met our inclusion criteria. Pooling of results showed no effect on early mortality

of prostaglandin E1 (seven trials randomizing 697 patients; relative risk [RR] 0.95, 95% confidence interval [CI] 0.77 to 1.17),

N-acetylcysteine (five trials randomizing 239 patients; RR 0.89, 95% CI 0.65 to 1.21), early high-dose corticosteroids (two trials

randomizing 187 patients; RR 1.12, 95% CI 0.72 to 1.74), or surfactant (nine trials randomizing 1441 patients; RR 0.93, 95% CI 0.77

to 1.12). Two interventions were beneficial in single small trials; corticosteroids given for late phase ARDS reduced hospital mortality

(24 patients; RR 0.20, 95% CI 0.05 to 0.81), and pentoxifylline reduced one-month mortality (RR 0.67, 95% CI 0.47 to 0.95) in

30 patients with metastatic cancer and ARDS. Individual trials of nine additional interventions failed to show a beneficial effect on

prespecified outcomes.

Authors’ conclusions

Effective pharmacotherapy for ALI and ARDS is extremely limited, with insufficient evidence to support any specific intervention.

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

There is little evidence to support the use of drugs to improve outcomes in adults with lung injury

In adults, direct lung damage or indirect damage caused by trauma, infection or other factors can result in acute lung injury, including

acute respiratory distress syndrome. Patients with this syndrome require mechanical ventilation. About half of patients die, and survivors

have a prolonged stay in intensive care and physical limitations afterwards. Many drugs have been studied to improve lung function

and reduce inflammation in these patients. The evidence to date does not convincingly show that any drug saves lives, although some

small studies have shown potential benefit.

B A C K G R O U N D

The acute respiratory distress syndrome (ARDS), first described in

1967 (Ashbaugh 1967), is characterized by diffuse 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 (for example, gastric aspiration,

pneumonia, inhalational injury, pulmonary contusion) or indirect

(for example, sepsis, trauma, pancreatitis, multiple transfusions of

blood products) mechanisms. An American-European Consensus

Conference (AECC) (Bernard 1994) formulated a widely cited

definition of ARDS as follows: an acute onset of (1) hypoxaemia,

with a ratio of the partial pressure of arterial oxygen (PaO2) to the

inspired fraction of oxygen (FiO2) of 200 mmHg or less, (2) bi-

lateral infiltrates on a frontal chest radiograph, and (3) no clinical

evidence of left atrial hypertension or a pulmonary artery occlu-

sion pressure of 18 mmHg or less in the presence of a pulmonary

artery catheter. Acute lung injury (ALI) includes a milder form of

lung injury, with a PaO2/FiO2 ratio of 300 mmHg or less. Almost

all patients with ARDS and most with ALI require mechanical

ventilation to survive; all require supplemental oxygen. The mor-

tality of ARDS is high, estimated to be between 34% and 60%

(Ware 2000). In addition, survivors have a prolonged stay in the

intensive care unit (ICU) and demonstrate significant functional

limitations, primarily fatigue and muscle weakness, that reduce

quality of life after hospital discharge (Herridge 2003).

Research on therapy for ARDS has focused on both mechani-

cal ventilation strategies and pharmacologic interventions. Ani-

mal and clinical studies, including randomized controlled trials

(RCTs), have demonstrated the role of mechanical ventilation in

perpetuating lung injury (Dos Santos 2000), leading to macro-

scopic damage (for example, pneumothorax), diffuse ventilator-

induced lung injury, and multiple organ system failure (Murphy

2000; Ranieri 1999). Several RCTs have compared lung protective

(pressure and volume limited) to traditional strategies of mechan-

ical ventilation (Amato 1998; ARDS Network 2000a; Brochard

1998; Brower 1999; Stewart 1998). The largest and most recent

study (ARDS Network 2000a) was stopped early after a planned

interim analysis showed a statistically significant reduction in hos-

pital mortality from 39.8 percent to 31.0 percent (p = 0.007) in

the group receiving low compared to traditional tidal volumes.

The results of this trial have convinced many clinicians and inves-

tigators that lung protective ventilation using low tidal volumes

and low inflation pressures is the most important therapeutic in-
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tervention available for patients with ARDS and ALI.

The pathogenesis of ARDS, extensively reviewed elsewhere (Luce

1998; Ware 2000), provides multiple potential targets for pharma-

cologic interventions. Regardless of the inciting insult, the pathol-

ogy of ARDS features damage to the alveolar-capillary membrane,

with leakage of protein-rich edema 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 as-

sociated with numerous inflammatory events. These include neu-

trophil recruitment, sequestration and activation; formation of

oxygen radicals; activation of the coagulation system, leading to

microvascular thrombosis with platelet-fibrin thrombi; and re-

cruitment 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-in-

flammatory mediators (for example, IL-1 receptor antagonist and

soluble TNF receptor) favours ongoing inflammation. In sum-

mary, initial lung injury is followed by repair, remodelling, and

fibrosing alveolitis.

The diversity of approaches to pharmacologic therapy for ALI

and ARDS reflects the complex pathophysiology. Therapies eval-

uated in randomized trials in humans include corticosteroids,

other anti-inflammatory agents, immunomodulating agents, pul-

monary vasodilators, antioxidants, and surfactants. These thera-

pies have multiple proposed mechanisms of action (Brower 2001;

Dos Santos 2002; Table 1). They have not been evaluated in a sys-

tematic review, with the exception of inhaled nitric oxide (Sokol

2002).

Another version of this review: ’Pharmacologic treatments for the

acute respiratory distress syndrome and acute lung injury: system-

atic review and meta-analysis’ (Adhikari 2004) is in press in Treat-

ments in Respiratory Medicine.

O B J E C T I V E S

1. The primary objective of this systematic review was to evaluate

the effect of each pharmacologic therapy, compared to placebo or

no therapy, on early all-cause mortality (at or before three months

after randomization) in adults with established ALI or ARDS.

2. Secondary objectives were to evaluate the effect of each phar-

macologic therapy, compared to placebo or no therapy, on late all-

cause mortality (greater than three months after randomization),

duration of ventilation, ventilator-free days to day 28, and adverse

events.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We reviewed randomized controlled trials (RCTs), either pub-

lished in full or in abstract form. We excluded quasi-randomized

trials. We also excluded subgroups of patients with ALI or ARDS

reported in RCTs of interventions for other populations because

of the methodologic limitations of subgroup analyses (Oxman

1992).

Types of participants

We included adult patients with ALI or ARDS admitted to an

ICU. We used authors’ definitions of adult, ALI, and ARDS.

Types of interventions

We included any pharmacologic therapy compared to placebo or

no therapy for the treatment of established ALI or ARDS, includ-

ing any pharmacologic therapy given for the treatment of estab-

lished ALI that may prevent the development of ARDS. We did

not consider studies of enteral and intravenous therapies that are

either not considered to be pharmacologic by regulatory authori-

ties (nutritional interventions) or are combined with other man-

agement strategies (fluid management). We also did not consider

inhaled nitric oxide (previously reviewed [Sokol 2002]), pharma-

cologic therapies used as part of a strategy of mechanical ventila-

tion (partial liquid ventilation), or medical oxygen. We excluded

any pharmacologic therapy started for prophylaxis of ALI, even

when continued in patients who subsequently developed ALI or

ARDS. We excluded studies directly comparing two pharmaco-

logic therapies without a no treatment or placebo group.

Types of outcome measures

Primary outcomes

The primary outcome was early all-cause mortality (at or before

three months after randomization). We considered ICU and hos-

pital mortality to be early mortality.

Secondary outcomes

Secondary outcomes included:

1. late all-cause mortality (greater than three months after

randomization);

2. duration of mechanical ventilation (defined as the time

from randomization to extubation, study withdrawal, or death);

3. number of ventilator-free days to day 28 (Schoenfeld 2002);

4. adverse events (defined as those leading to discontinuation

of the study medication). In studies with a no placebo control
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arm, adverse events were defined as “serious adverse events” using

authors’ definitions.

Search methods for identification of studies

Electronic searches

We searched the following databases: CENTRAL (The Cochrane

Library, Issue 3, 2003), MEDLINE (1966 to week 2, January

2004), EMBASE (1980 to week 4, 2004), CINAHL (1982 to

week 2, January 2004), and HEALTHSTAR (1995 to December

2003), using the standard methods of the Cochrane Anaesthesia

Review Group (Cracknell 2003). We used OVID versions of all

databases. We used a highly sensitive strategy to retrieve RCTs from

MEDLINE (Robinson 2002) and modified it for other databases.

No language restriction was applied.

For detailed search strategy for OVID MEDLINE, CENTRAL,

CINAHL, and HEALTHSTAR see Appendix 1 and for OVID

EMBASE see Appendix 2.

Searching other resources

We also reviewed the bibliographies of retrieved articles and

searched for abstracts from conference proceedings published from

1994 to 2003 in American Journal of Respiratory and Critical Care

Medicine,Chest,Critical Care Medicine and Intensive Care Medicine.

We searched the bibliographies of recent narrative review arti-

cles (Anzueto 2002; Bernard 1990; Bernard 1991a; Brower 1999;

Chadda 2002; Conner 2000; Cranshaw 2002; Dos Santos 2000;

Hite 2001; Laterre 2003; Lewis 2003; Lovat 2003; McIntyre 2000;

Que 2000; Spragg 2000; Spragg 2002c; Tasaka 2002; Thompson

2003; Wiedemann 2003) and contacted content experts for addi-

tional unpublished trials.

Data collection and analysis

Two reviewers (Neill Adhikari and Karen Burns) independently

screened titles and abstracts, selected studies for inclusion, ex-

tracted data and assessed methodologic quality of included stud-

ies. Disagreements in all phases were resolved by consensus in con-

sultation with a third reviewer (Maureen Meade).

Study identification

We screened titles and abstracts and retrieved all potentially rele-

vant studies. We rated all retrieved studies for inclusion and have

listed excluded studies in the “Table of excluded studies”.

Data extraction

We extracted data on participants, intervention, and outcomes for

each study using a standardized form. We contacted authors if we

required clarification of data for the primary outcome.

We did not systematically evaluate the mechanistic quality of the

pharmacologic therapies studied (for example, whether adequate

amounts of the therapeutic agent were delivered to the presumed

target for sufficient time to achieve the desired biologic response).

Quality assessment

We assessed methodologic quality with respect to allocation con-

cealment, baseline similarity of treatment and control groups, sim-

ilarity of cointerventions in treatment and control groups, blind-

ing of caregivers and outcomes assessors, analysis of the primary

outcome following the intention-to-treat principle (patients anal-

ysed in the group to which they were assigned and not withdrawn

after randomization), and completeness of follow-up.

Data analysis

For each pharmacologic therapy, we quantitatively pooled the re-

sults of studies where permitted by the available data. We antici-

pated variability in the reporting of adverse events and therefore

described these qualitatively. For quantitative comparisons, treat-

ment and control groups were compared using relative risk (RR)

for categorical outcomes and weighted mean difference (WMD)

for continuous outcomes. For studies reporting more than one

treatment arm differing in medication dose, we combined data

from all doses to determine an overall outcome measure for the

treatment group. In all analyses we used the random effects model

(DerSimonian 1986) in Review Manager 4.2 (Review Manager

4.2) because this method generally produces more conservative

estimates of the precision of the treatment effect than the fixed

effect model (Montori 2002).

For each pooled comparison, homogeneity of treatment effect was

estimated using the Q statistic (Cochran 1954). We considered p

≤ 0.05 to be significant for the test of overall treatment effect and p

≤ 0.10 to be significant for the test of homogeneity. When statisti-

cally significant heterogeneity was found, we aggregated results us-

ing the random effects model only if studies were clinically similar.

Results of studies with major clinical dissimilarities as judged by

the reviewers were not pooled but were qualitatively summarized.

We also used the recently described I2 statistic when assessing the

impact of statistical heterogeneity on study results (Higgins 2002).

This statistic is independent of the number of studies pooled and

denotes the proportion of total variance in individual study esti-

mates of treatment effect that arises from between-study hetero-

geneity. We considered values of I2 greater than 50% to represent

substantial between-study heterogeneity (Higgins 2002).

We constructed funnel plots to assess for the potential of publica-

tion bias when pooled analyses contained at least five studies.
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For each pharmacologic therapy we conducted the following addi-

tional analyses for the outcomes of early mortality, late mortality,

duration of mechanical ventilation, and ventilator-free days to day

28:

1. Subgroup analysis of the treatment effect in patients with

ALI not meeting criteria for ARDS compared to those with

ARDS;

2. Sensitivity analysis of treatment effect in trials with

adequate allocation concealment compared to all trials;

3. Sensitivity analysis of treatment effect in trials with

balanced cointerventions (reported or applied according to

protocol) in treatment and control groups compared to all trials.

For each analysis, we statistically tested the difference in estimates

of treatment effect between the two groups using a z test (Fleiss

1993) and considered p ≤ 0.05 to be statistically significant.

R E S U L T S

Description of studies

Overall description

Searches of electronic databases yielded 5705 citations for screen-

ing. From these citations, conference abstracts, and bibliogra-

phies of retrieved studies, we identified 75 potentially relevant

publications of which 33 met our inclusion criteria. We ex-

cluded 39 publications (see “Table of characteristics of excluded

studies”), in addition to two duplicate publications (Holcroft

1986b; Shoemaker 1987) and one probable duplicate publication

(Wiedemann 1992).

The 33 included publications described 33 studies. Two studies

of surfactant (Spragg 2002a; Spragg 2002b) were reported in one

abstract. One publication (Bernard 1997a) reported a trial of pa-

tients randomized to receive N-acetylcysteine (NAC), procysteine,

or placebo. We included the patients randomized to NAC and

placebo in a pooled analysis of the effect of NAC on early mortal-

ity and described the procysteine arm separately. Another study of

NAC (Ortolani 2000) randomized patients to NAC, NAC plus

rutin (a flavanoid antioxidant), or control. We combined data from

both NAC groups in our pooled analysis and did not analyse the

effect of rutin, which we classified as a nutritional supplement.

Finally, one study of prostaglandin E1 (PGE1) reported mortality

data in 147 randomized patients (Slotman 1992), of whom clini-

cal outcomes in 101 patients had been previously published (Bone

1989b). We counted these two publications as one study (Bone

1989a) and extracted data on early mortality from the later pub-

lication (Slotman 1992) and data on methodology, late mortal-

ity and adverse events from the earlier publication (Bone 1989b).

Two additional trials (HL 10 2004; LaSRS 2000; see “Characteris-

tics of ongoing studies”) have recently ceased patient recruitment.

Neither has been published in full or in abstract form.

Published trials meeting our selection criteria randomized 3272

patients and studied a wide range of pharmacologic thera-

pies. They included seven trials of PGE1 (Abraham 1996;

Abraham 1999; Bone 1989a; Holcroft 1986a; Rossignon 1990;

Shoemaker 1986; Vincent 2001), five trials of NAC (Bernard

1997a; Domenighetti 1997; Jepsen 1992; Ortolani 2000; Suter

1994), three trials of corticosteroids (Bernard 1987; Meduri 1998;

Weigelt 1985), and nine trials of surfactant (Anzueto 1996;

Gregory 1997; Kesecioglu 2001; Reines 1992; Spragg 2002a;

Spragg 2002b; Spragg 2003; Walmrath 2000; Weg 1994). Ten

additional therapies were evaluated in single studies: dazoxiben

(Reines 1985), acyclovir (Tuxen 1987), indomethacin (Steinberg

1990), pentoxifylline (Ardizzoia 1993), neutrophil elastase in-

hibitor (ICI 200,880) (Gottlieb 1994), procysteine (Bernard

1997a), interleukin 10 (Bernard 1999), ketoconazole (ARDS

Network 2000b), lisofylline (ARDS Network 2002), and granu-

locyte-macrophage colony-stimulating factor (Presneill 2002).

Studies of the same pharmacologic therapy differed with respect

to patient populations and drug administration, as follows.

Studies of prostaglandin E1

All seven studies of PGE1 (Abraham 1996; Abraham 1999;

Bone 1989a; Holcroft 1986a; Rossignon 1990; Shoemaker 1986;

Vincent 2001) enrolled patients with predominantly ARDS, al-

though three restricted enrolment to those with trauma, surgery,

or sepsis as a risk factor (Bone 1989a; Rossignon 1990; Shoemaker

1986). They varied with respect to method of medication ad-

ministration (continuous infusion [Bone 1989a; Holcroft 1986a;

Rossignon 1990; Shoemaker 1986] versus intermittent boluses

[Abraham 1996; Abraham 1999; Vincent 2001]), formulation (li-

posomal in three trials [Abraham 1996; Abraham 1999; Vincent

2001]), and dose (ranging from 7.2 µg/kg/day [Vincent 2001] to

43.2 µg/kg/day [Bone 1989a; Holcroft 1986a; Rossignon 1990;

Shoemaker 1986] for seven days).

Studies of N-acetylcysteine

The five studies of NAC included four enrolling primarily pa-

tients with ARDS (Bernard 1997a; Domenighetti 1997; Jepsen

1992; Ortolani 2000) and one that restricted enrolment to those

with mild ALI (Suter 1994). Two trials used continuous infusions

(Jepsen 1992; Suter 1994) and the other three used intermittent in-

travenous boluses (Bernard 1997a; Domenighetti 1997; Ortolani

2000). The total dose of NAC varied considerably, from 120 mg/

kg (Suter 1994) to 3510 mg/kg (Jepsen 1992), delivered over three

to ten days. The total dose delivered in one trial (Ortolani 2000)

was unclear.
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Studies of corticosteroids

The three studies of corticosteroids included two that used a high

dose, short course (48 hours or less) of medication early in the

course of ALI (Weigelt 1985) and ARDS (Bernard 1987). The

duration of ARDS prior to randomization in both trials was less

than seven days. One trial used a lower dose of methylprednisolone

for a longer duration (one month) for patients with non-resolving

ARDS who had been mechanically ventilated for at least seven

days (Meduri 1998).

Studies of surfactant

The nine studies of surfactant (Anzueto 1996; Gregory 1997;

Kesecioglu 2001; Reines 1992; Spragg 2002a; Spragg 2002b;

Spragg 2003; Walmrath 2000; Weg 1994) enrolled primarily pa-

tients with ARDS. Three restricted eligibility to patients with

sepsis-induced ALI or ARDS (Anzueto 1996; Reines 1992; Weg

1994). The surfactant preparations were variable: synthetic surfac-

tant with phospholipids (Anzueto 1996; Reines 1992; Weg 1994),

synthetic surfactant with phospholipids and protein (Spragg

2002a; Spragg 2002b; Spragg 2003; Walmrath 2000), bovine sur-

factant (Gregory 1997), and porcine surfactant (Kesecioglu 2001).

The method of delivery (continuous aerosolization in early trials

[Anzueto 1996; Reines 1992; Weg 1994] and intratracheal instilla-

tion in later trials [Gregory 1997; Kesecioglu 2001; Spragg 2002a;

Spragg 2002b; Spragg 2003; Walmrath 2000]) and the delivered

doses (when measured) were also variable.

Risk of bias in included studies

Methodologic features of the included studies are shown in “Table

of characteristics of included studies” and summarized in Figure

1.
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Figure 1. Summary of reported methodologic characteristics of included trials Legend

(1) Baseline similarity: Yes = pre-randomization factors (age, severity of illness, non-pulmonary organ failures,

presence of sepsis, and duration of hospitalization, ICU stay, or mechanical ventilation) were clinically similar

between treatment and control groups; Yes (A) = at least one baseline factor differed but was included in an

adjusted analysis.

(2) Blinding: Yes = caregivers were blinded or the term “double-blind” was used.

(3) Cointerventions: Yes = at least one cointervention (including positive end-expiratory pressure, lung

protective ventilation, weaning protocols, corticosteroids, other) was standardized, or its use was documented

in both groups.

(4) Zero withdrawals of patients after randomization and complete follow-up refer to the outcome of early

mortality.
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Allocation concealment

Ten studies described adequate concealment of allocation (

Anzueto 1996; ARDS Network 2000b; ARDS Network 2002;

Bernard 1987; Bernard 1997a; Bone 1989a; Presneill 2002;

Shoemaker 1986; Spragg 2003; Weg 1994).

Baseline characteristics

Only four studies did not report at least one prognostically impor-

tant baseline characteristic (Kesecioglu 2001; Reines 1985; Reines

1992; Walmrath 2000), of which three were reported in abstract

form (Kesecioglu 2001; Reines 1992; Walmrath 2000). Of the

remaining 29 studies, ten had at least one clinically important

imbalance at baseline (Abraham 1996; Abraham 1999; Bernard

1999; Presneill 2002; Shoemaker 1986; Spragg 2002a; Spragg

2002b; Tuxen 1987; Vincent 2001; Weigelt 1985). Four studies

conducted additional analyses adjusting for baseline imbalances

(Anzueto 1996; ARDS Network 2000b; Bernard 1987; Meduri

1998).

Blinding

Twenty six studies reported blinding of at least caregivers or used

the term double-blind. Four studies did not use a placebo control

and did not report blinding of study personnel (Ardizzoia 1993;

Gregory 1997; Kesecioglu 2001; Spragg 2003). One study used a

placebo and was described as “single-blind” (Reines 1985). Two

studies explicitly reported no blinding (Ortolani 2000; Walmrath

2000).

In blinded studies, effects of medications that may have unblinded

caregivers included hypotension with PGE1 (Abraham 1996;

Abraham 1999; Bone 1989a; Holcroft 1986a; Rossignon 1990;

Shoemaker 1986; Vincent 2001) and dazoxiben (Reines 1985),

hyperglycaemia with corticosteroids (Bernard 1987; Meduri 1998;

Weigelt 1985) and reflux of surfactant into the ventilator tubing

(Anzueto 1996; Reines 1992 ; Spragg 2002a; Spragg 2002b; Weg

1994).

Cointerventions

Twelve studies standardized at least one cointervention or doc-

umented its application in the treatment and control groups

(Abraham 1999; ARDS Network 2000b; ARDS Network 2002;

Gregory 1997; Holcroft 1986a; Jepsen 1992; Meduri 1998;

Presneill 2002; Spragg 2003; Vincent 2001; Weg 1994; Weigelt

1985). The remaining studies did not describe cointerventions.

No study reported imbalances in the application of cointerven-

tions.

Post-randomization withdrawals

All studies analysed patients according to assigned treatment

group. However, eleven studies reported at least one post-random-

ization withdrawal (Abraham 1999; Bernard 1997a; Bone 1989a;

Domenighetti 1997; Gregory 1997; Tuxen 1987; Weigelt 1985)

or did not clearly report this information (Reines 1985; Spragg

2002a; Spragg 2002b; Weg 1994). Twenty-six studies reported no

losses to follow-up. The remaining studies had incomplete follow-

up data on fewer than 1% of randomized patients (Abraham 1999;

Bone 1989a; Spragg 2002b) or did not fully describe the extent of

patient follow-up (ARDS Network 2002; Reines 1992; Walmrath

2000; Weg 1994).

Effects of interventions

Effects of prostaglandin E1

Seven studies randomized 697 patients (Abraham 1996; Abraham

1999; Bone 1989a; Holcroft 1986a; Rossignon 1990; Shoemaker

1986; Vincent 2001). Outcomes data were available for 693 pa-

tients. The pooled analysis showed no statistically significant effect

of PGE1 on early mortality (see “Graph 01/01”; relative risk [RR]

0.95, 95% confidence interval [CI] 0.77 to 1.17), without statisti-

cally significant heterogeneity (p = 0.27; I2 = 21.3%). Studies var-

ied with respect to PGE1 dose and formulation (see “Description

of included studies”), although no study individually showed a

mortality benefit at a conventional level of significance (p = 0.05).

Individual trials reported more adverse events leading to study drug

discontinuation in the PGE1 group (Abraham 1996; Abraham

1999; Holcroft 1986a; Rossignon 1990; Vincent 2001). These ad-

verse events were primarily cardiopulmonary (hypotension, dys-

rhythmias, hypoxia) and neurological (agitation). Three trials re-

ported other safety data (Abraham 1996; Abraham 1999; Bone

1989a), summarized in “Table of characteristics of included stud-

ies”. Because of incomplete reporting, we were unable to pool data

for late mortality, duration of mechanical ventilation, or ventila-

tor-free days to day 28.

Effects of N-acetylcysteine

Five studies randomized 239 patients (Bernard 1997a;

Domenighetti 1997; Jepsen 1992; Ortolani 2000; Suter 1994).

Outcomes data were available for 235 patients. The pooled analysis

showed no statistically significant effect of NAC on early mortality

(see “Graph 02/01”; RR 0.89, 95% CI 0.65 to 1.21), without sta-

tistically significant heterogeneity (p = 0.63; I2 = 0%). Studies var-

ied with respect to NAC dose and formulation (see “Description

of included studies”), although no study individually showed a

mortality benefit at a conventional level of significance (p = 0.05).
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No control group patient experienced an adverse event leading

to study drug discontinuation. One patient receiving NAC had

a rash, after which NAC was stopped (Jepsen 1992). Because of

incomplete reporting, we were unable to pool data for late mor-

tality, duration of mechanical ventilation, or ventilator-free days

to day 28.

Effects of early high dose corticosteroids

There was no statistically significant effect of early high dose cor-

ticosteroids on early mortality (see “Graph 03/01”; RR 1.12, 95%

CI 0.72 to 1.74) in the pooled analysis of two studies random-

izing 187 patients (Bernard 1987; Weigelt 1985). These studies

had outcomes data for 180 patients. There was evidence of sub-

stantial heterogeneity (I2 = 50.1%) that did not meet our crite-

ria for statistical significance (p = 0.16). The two trials studied

somewhat different populations. Patients in the multicentre trial

(Bernard 1987) were sicker. They met criteria for ARDS and the

control group mortality was 63%. In contrast, Weigelt enrolled

patients exclusively in a single surgical ICU with ALI and not

ARDS (Weigelt 1985). Mortality in the control group was much

lower (31%). The two trials used similar corticosteroid regimens

(methylprednisolone 30 mg/kg every 6 hours for 4 doses [Bernard

1987] or 48 hours [Weigelt 1985]). Neither study individually

showed a mortality benefit at a conventional level of significance

(p = 0.05).

Because of incomplete reporting, we were unable to pool data for

late mortality, duration of mechanical ventilation, or ventilator-

free days to day 28. The two studies did not report adverse events

leading to study drug discontinuation but did report more in-

fectious complications in the group receiving corticosteroids (see

“Table of characteristics of included studies” for details).

Effects of surfactant

There was no statistically significant effect of surfactant therapy

on early mortality (see “Graph 04/01”; RR 0.93, 95% CI 0.77

to 1.12) in the pooled analysis of nine studies randomizing 1441

patients (Anzueto 1996; Gregory 1997; Kesecioglu 2001; Reines

1992; Spragg 2002a; Spragg 2002b; Spragg 2003; Walmrath 2000;

Weg 1994). These studies had outcomes data for 1416 patients.

There was no evidence of statistically significant heterogeneity (p =

0.28; I2 = 18.7%). The surfactant preparations and delivery meth-

ods were highly variable (see “Description of included studies”).

One study published in abstract form (Kesecioglu 2001) showed

a statistically significant mortality benefit (RR 0.21, 95% CI 0.05

to 0.91). This study enrolled patients with ALI (including ARDS)

and used intratracheal porcine surfactant. The abstract does not

describe details of the surfactant’s biologic effect.

Although three studies reported ventilator-free days to day 28

(Kesecioglu 2001; Spragg 2003; Walmrath 2000) and two other

studies reported no differences in this outcome (Spragg 2002a;

Spragg 2002b), data limitations precluded a pooled analysis. One

study (Spragg 2003) reported no adverse event leading to study

drug discontinuation. Other studies reported more adverse events

(primarily respiratory and haemodynamic) in the surfactant group

(Anzueto 1996; Gregory 1997; Reines 1992; Weg 1994; see “Ta-

ble of characteristics of included studies” for details). Because of

incomplete reporting, we were unable to pool data for late mor-

tality or duration of mechanical ventilation.

Effects of additional therapies

The effects of pharmacologic therapies evaluated in single trials

are summarized in “Table of characteristics of included studies”.

One study enrolling 24 patients (Meduri 1998) meeting AECC

criteria for ARDS (Bernard 1994) showed that administration of

corticosteroids for late phase non-resolving ARDS reduced mor-

tality in the ICU (0/16 in methylprednisolone group versus 5/8

in placebo group; RR 0.05, 95% CI 0.00 to 0.78) and hospital

(2/16 in methylprednisolone group versus 5/8 in placebo group;

RR 0.20, 95% CI 0.05 to 0.81) and reduced duration of ventila-

tion, with no increase in infectious complications. One study of

30 patients (Ardizzoia 1993) with metastatic cancer and ARDS

(as defined by the authors) found that pentoxifylline reduced one

month mortality (10/15 in pentoxifylline group versus 15/15 in

control group; RR 0.67, 95% CI 0.47 to 0.95) with no adverse

events leading to discontinuation of therapy. There was no evi-

dence of effect of any other intervention on prespecified outcomes.

Subgroup analyses

Studies of PGE1 and surfactant enrolled patients primarily with

ARDS and did not report results separately for patients meeting

criteria for ALI but not ARDS. For NAC, there was no difference

in effect on early mortality whether given to patients with pri-

marily ARDS (Bernard 1997a; Domenighetti 1997; Jepsen 1992;

Ortolani 2000) compared to ALI (Suter 1994) (RR 0.94, 95%

CI 0.67 to 1.31 versus RR 0.63, 95% CI 0.28 to 1.45; p value

for comparison = 0.38). Similarly, early high dose corticosteroids

showed no differential effect (p value for comparison = 0.17) on

early mortality in patients with ALI (Weigelt 1985; RR 1.49, 95%

CI 0.85 to 2.62) compared to those with ARDS (Bernard 1987;

RR 0.95, 95% CI 0.69 to 1.29).

Sensitivity analyses

Studies reporting adequate allocation concealment included two

trials of PGE1 (Bone 1989a; Shoemaker 1986), one trial of

NAC (Bernard 1997a), one trial of early high-dose corticosteroids

(Bernard 1987), and three trials of surfactant (Anzueto 1996;

Spragg 2003; Weg 1994). When these trials were compared to all

trials of the same pharmacologic therapy, there were no differences

in treatment effect on early mortality for PGE1 (RR 0.99, 95%

9Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



CI 0.67 to 1.46 versus RR 0.95, 95% CI 0.77 to 1.17; p value for

comparison = 0.85), NAC (RR 0.83, 95% CI 0.32 to 2.15 versus

RR 0.89, 95% CI 0.65 to 1.21; p value for comparison = 0.89),

early high dose corticosteroids (RR 0.95, 95% CI 0.69 to 1.29

versus RR 1.12, 95% CI 0.72 to 1.74; p value for comparison =

0.55), or surfactant (RR 0.98, 95% CI 0.83 to 1.16 versus RR

0.93, 95% CI 0.77 to 1.12; p value for comparison = 0.68).

Studies reporting any balanced cointervention between treatment

and control groups included four trials of PGE1 (Abraham 1999;

Holcroft 1986a; Rossignon 1990; Vincent 2001), one trial of NAC

(Jepsen 1992), and three trials of surfactant (Gregory 1997; Spragg

2003; Weg 1994). When these trials were compared to all trials

of the same pharmacologic therapy, there were no differences in

treatment effect on early mortality for PGE1 (RR 0.90, 95% CI

0.66 to 1.24 versus RR 0.95, 95% CI 0.77 to 1.17; p value for

comparison = 0.78), NAC (RR 1.06, 95% CI 0.67 to 1.70 versus

RR 0.89, 95% CI 0.65 to 1.21; p value for comparison = 0.54), or

surfactant (RR 0.71, 95% CI 0.45 to 1.12 versus RR 0.93, 95%

CI 0.77 to 1.12; p value for comparison = 0.28).

Evaluation of publication bias

Examination of funnel plots (study precision versus treatment ef-

fect) for trials of PGE1, NAC, and surfactant therapy (Figure 2;

Figure 3; Figure 4) suggested the possibility of publication bias

arising from the non-publication of small trials with equivocal or

negative findings.

Figure 2. Funnel plot of standard error (SE) of treatment effect (log relative risk [RR]) versus treatment

effect (RR) for outcome of early mortality in trials of prostaglandin E1
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Figure 3. Funnel plot of standard error (SE) of treatment effect (log relative risk [RR]) versus treatment

effect (RR) for outcome of early mortality in trials of N-acetylcysteine

Figure 4. Funnel plot of standard error (SE) of treatment effect (log relative risk [RR]) versus treatment

effect (RR) for outcome of early mortality in trials of surfactant
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D I S C U S S I O N

The principal finding of our systematic review is that no pharma-

cotherapy convincingly improves survival in patients with ARDS

and ALI. We identified 33 RCTs of pharmacologic treatments for

established ALI and ARDS enrolling 3272 patients, with the first

trials published in 1985 (Reines 1985; Weigelt 1985). The me-

dian number of patients randomized per trial was low (45, range

9 to 725). Our pooled analyses had sample sizes of 180 to 1416

patients (early high-dose corticosteroids and surfactant therapy re-

spectively). When we combined studies, there was no effect on

early mortality of PGE1, NAC, the early administration of high-

dose corticosteroids, or surfactant. With respect to adverse effects,

all trials of PGE1 and early high-dose corticosteroids and four out

of five surfactant trials with safety data showed more adverse events

with active therapy. However, the potential difficulty of achieving

effective blinding of PGE1 and surfactant may have biased ad-

verse event reporting in the active treatment arms. Of the miscella-

neous interventions evaluated in single trials, corticosteroids given

late in the course of ARDS decreased ICU and hospital mortality

(Meduri 1998), and pentoxifylline decreased mortality in patients

with metastatic cancer and ARDS (Ardizzoia 1993). We did not

analyse the effect of rutin (Ortolani 2000), which we classified as

a nutritional supplement.

In our pooled analyses, we did not find a differential effect in pa-

tients with ARDS compared to patients meeting criteria for ALI

but not ARDS, although these subgroup analyses were underpow-

ered. Similarly, the results of our analyses did not change when

they were restricted to studies with definite allocation conceal-

ment or studies with balanced cointerventions. However, we did

not perform a sensitivity analysis considering only trials that eval-

uated therapies with documented evidence of bioavailability and

biologic effect.

Because the confidence intervals around pooled relative risks for

PGE1, NAC, early high-dose corticosteroids, and surfactant ther-

apy are wide, we cannot exclude the possibility of a modest benefit

or harm to patients. However, in each case the overall best estimate

of relative risk suggested no effect. Clinical application of these

therapies is therefore not currently justified. Any additional large

trials should await preclinical and preliminary clinical studies to

identify variations of dose, timing of administration, and formu-

lation that may lead to clinical benefit. For example, a recently

completed trial of HL 10 (HL 10 2004) evaluated the only sur-

factant preparation shown to be potentially beneficial (Kesecioglu

2001), a porcine surfactant with a high phospholipid concentra-

tion delivered by intratracheal installation.

We found that the scientific quality (Guyatt 2002) of included tri-

als was variable. Methodologic strengths of a clear majority of stud-

ies included caregiver blinding or “double-blinding” (Devereaux

2001), analysis of early mortality by strict intention-to-treat cri-

teria (analysis according to assigned group and zero withdrawals),

and complete patient follow-up. No study documented differen-

tial application of potentially important cointerventions, although

the majority provided no information about cointerventions. A

minority of studies described adequate allocation concealment.

About one-half of the trials documented similarity between treat-

ment groups for at least one prognostically important baseline

characteristic. Our assessment of methodologic features was re-

stricted to published descriptions, and we may therefore have un-

derestimated the methodologic strength of some studies, especially

those reported in abstract form (Bernard 1999; Gottlieb 1994;

Kesecioglu 2001; Reines 1992; Spragg 2002a; Spragg 2002b;

Walmrath 2000).

Another limitation of this systematic review is the identification

of a small number of trials for each pharmacologic therapy, most

of which randomized a small number of patients. Plots of study

precision versus treatment effect for trials of NAC, PGE1 and sur-

factant therapy suggested the existence of small unpublished non-

beneficial trials. However, the inclusion of any such trials would

not qualitatively change our findings of no treatment effect for

these interventions. We did not search for RCTs of pharmacologic

therapies for other related critically-ill populations (such as sepsis)

reporting outcomes in subgroups of patients with ALI and ARDS

because of limitations in the interpretation of subgroup analyses.

Strengths of this systematic review include the use of strategies to

minimize bias in the selection and reporting of studies: the ex-

tensive literature search, duplicate independent screening of arti-

cles and data abstraction, and explicit criteria for methodologic

assessment (Oxman 2002). We used clinical judgment to decide a

priori to combine studies for which a similar direction and magni-

tude of treatment effect could reasonably be expected. Although

aggregated studies differed with respect to eligibility criteria and

study medications (formulation, method of administration, and

dose), we found no statistical evidence of between study variation

in trials of PGE1, NAC, and surfactant therapy. One of two sta-

tistical methods used suggested substantial heterogeneity between

the two studies of early high dose corticosteroids (Bernard 1987;

Weigelt 1985). However, neither study individually demonstrated

a benefit, supporting the decision to pool their results. We used

random effects models to aggregate data and generate conservative

confidence limits for the point estimate of the pooled treatment

effect (Montori 2002). We did not find statistically significant dif-

ferences in treatment effect according to prespecified hypotheses

concerning patient population or methodology.

Effective pharmacologic therapy for established ALI and ARDS

is therefore extremely limited. We identified two potentially ben-
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eficial treatments. First, prolonged corticosteroid administration

for late ARDS, which may attenuate the fibroproliferative process,

was evaluated in one small trial (Meduri 1998). This study ran-

domized 24 patients with late-phase ARDS and showed an im-

pressive but clinically implausible point estimate of benefit, with

a wide confidence interval (absolute risk reduction in ICU mor-

tality 0.62; 95% CI, 0.30-0.95). Methodologic strengths of this

trial included blinding of caregivers, intention-to-treat analysis,

complete follow-up, and adjustment for baseline imbalances. The

authors did not describe concealment of allocation. However, the

major limitation is the method of data analysis. The investiga-

tors calculated a priori that 99 patients would be required to de-

tect an absolute survival improvement of 30% in corticosteroid-

treated patients. Enrolment was terminated prematurely using

early stopping rules based on sequential clinical trials (Whitehead

1983). This approach may inflate the treatment effect in small

trials (Marras 1999) by increasing the probability of confound-

ing by imbalances in baseline prognostic characteristics. Patients

in the corticosteroid group had less organ dysfunction and pul-

monary morbidity and thus may have had a better prognosis, a

bias which may have persisted despite statistical adjustment and

confounded the results. In addition, the crossover of four of the

eight placebo-assigned patients to corticosteroids (as per protocol)

precluded an accurate evaluation of the infection risk associated

with this treatment. Therefore, this trial provides important albeit

preliminary evidence for the efficacy of corticosteroids for late-

phase ARDS. The recently completed Late Steroid Rescue Study,

which randomized 180 patients, should provide more definitive

data (LaSRS 2000).

The second potentially beneficial intervention was pentoxifylline,

a phosphodiesterase inhibitor that prevents neutrophil chemo-

taxis and activation. This therapy was evaluated in a randomized

trial enrolling 30 patients with metastatic cancer (Ardizzoia 1993).

Although unclear allocation concealment and lack of blinding

threaten the internal validity of this trial, the most important lim-

itation is lack of generalizability. Eighteen of 30 randomized pa-

tients had lymphangitic metastases that may have mimicked the

characteristic radiographic changes of ARDS and caused diagnos-

tic misclassification. The mortality in this trial was higher (25 of 30

patients died at 1 month) than generally observed in patients with

ARDS (Rubenfeld 2003; Ware 2000), which limits the applica-

bility of the findings to lower-risk patients. Finally, the severity of

patients’ lung injury according to AECC criteria (Bernard 1994)

was not clear because the authors did not describe the oxygena-

tion criteria used for the diagnosis of ARDS or whether patients

required mechanical ventilation. In conclusion, further research is

required to assess the potential role of pentoxifylline in the treat-

ment of ALI and ARDS in patients without cancer.

There are several potential reasons to explain the large number

of non-beneficial trials of pharmacologic therapies for ALI and

ARDS. These explanations overlap with insights into the design

of RCTs in patients with severe sepsis (Opal 2003). First, random-

ized trials may have been conducted before early investigations

had established the optimal dose and duration of the candidate

therapy that would achieve adequate tissue levels and biologic re-

sponse. Second, the definition of the clinical syndrome of ALI

and ARDS, although feasible to apply in clinical settings and in

research, does not have optimal reliability and validity (Ferguson

2001; Rubenfeld 2003; Villar 1999). Trials may therefore have

enrolled patients unlikely to respond to candidate therapies. How-

ever, an inadequate definition of ALI and ARDS cannot be the

exclusive explanation for non-beneficial trials given the recent pos-

itive RCT of low tidal volumes in ALI patients (ARDS Network

2000a). Third, ALI and ARDS are clinically heterogeneous syn-

dromes with various causes, genetic susceptibilities (Villar 2003)

and clinical courses. Trials may thus have included responsive and

non-responsive subgroups. Fourth, there are many important non-

pulmonary determinants of outcome for patients with ALI and

ARDS. Fifth, investigators may have overestimated the intrinsic

therapeutic potential of candidate therapies. The latter three points

may have contributed to the design of RCTs that were inadequately

powered to reliably detect moderate clinical benefits.

A U T H O R S ’ C O N C L U S I O N S
Implications for practice

Our pooled analyses provide no evidence to support the routine

administration of PGE1, NAC, early high-dose corticosteroids,

or surfactant in critically ill patients with ALI and ARDS. Single

studies showed no evidence of treatment effect of dazoxiben, acy-

clovir, indomethacin, neutrophil elastase inhibitor (ICI 200,880),

procysteine, interleukin 10, ketoconazole, lisofylline, or granulo-

cyte-macrophage colony-stimulating factor. Single small studies

have shown a potential benefit of prolonged corticosteroid admin-

istration in late-phase ARDS and pentoxifylline in patients with

metastatic cancer and ARDS. However, there is currently insuffi-

cient evidence to support the routine use of either therapy.

Implications for research
1. Preclinical research should develop novel candidate

therapies for ALI and ARDS and adequately assess

pharmacologic properties and biologic response prior to large

randomized trials.

2. Subgroups of patients with ALI should be defined that

share biochemical and/or genetic homogeneity and that may

benefit from targeted pharmacologic interventions.

3. Further clinical studies are required to assess the potential

benefit of pentoxifylline in ALI and ARDS patients without

cancer.

4. Future adequately powered RCTs should implement

rigorous methods to maximize internal validity. Reporting of
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important cointerventions would assist the assessment of

performance bias, especially in trials without caregiver blinding.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Abraham 1996

Methods n = 25, 8 centres

Allocation concealment: not described

Baseline similarity: age (D), APACHE II, sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation; bilateral CXR infiltrates, no LAH, P/F of 225 mmHg

or less; duration of ARDS < 24 hours

Exclusions: Recent MI; liver or renal failure; neurogenic pulmonary edema

Interventions IV liposomal PGE1, dose titrated to 3.6 mcg/kg every 6 hours (14.4 mcg/kg/day) for 7

days, or placebo

Outcomes 28 day mortality: RR 0.24 (95% CI 0.02 to 2.23)

Adverse events leading to discontinuation of therapy: treatment: 1/17 (desaturation and

dysrhythmia), control: 0/8

Other safety data: any medication-related adverse event (treatment: 14/17 patients, control:

3/8 patients); infusion site irritation, transient desaturation and agitation were reported

in some treatment but no control patients; no serious adverse event in either group was

considered related to study medication

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Abraham 1999

Methods n = 350, 47 centres

Allocation concealment: not described

Baseline similarity: age (D), APACHE II, sepsis

Blinding: caregivers

Cointerventions: initiation of weaning standardized; corticosteroids given to 25% of treat-

ment patients and 26% of control patients

Withdrawals: treatment (1/178), control (1/172)

Losses to follow-up: treatment (1/178), control (1/172)
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Abraham 1999 (Continued)

Participants Inclusions: AECC definition for ARDS; duration of ARDS < 24 hours

Exclusions: Recent MI; liver or renal failure; neurogenic pulmonary edema

Interventions IV liposomal PGE1, dose titrated to 3.6 mcg/kg every 6 hours (14.4 mcg/kg/day) for 7

days, or placebo

Outcomes 28 day mortality: RR 1.10 (95% CI 0.80 to 1.51), based on data from 346 patients

Duration of ventilation (median days): 16.9 (PGE1 group); 19.6 (placebo group); p = 0.

94

Adverse events leading to discontinuation of therapy (mainly hypotension and hypoxia):

treatment (20/178 patients), control (1/172 patients)

Other safety data: drug-related adverse events more common in treatment group (hypoten-

sion- treatment: 93/178 patients, control: 29/172 patients; hypoxia- treatment: 43/178

patients, control: 9/172 patients); no difference in incidence of serious adverse events

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Anzueto 1996

Methods n = 725, 63 centres

Allocation concealment: central randomization

Baseline similarity: age, APACHE III (A), sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor: sepsis or sepsis syndrome present for < 96 hours; diffuse CXR

infiltrates, P/F < 250 mmHg, no left ventricular failure; mechanical ventilation; duration

of ARDS < 48 hours

Exclusions: Chronic lung, liver or renal disease; acute liver failure; HIV with Pneumocystis

carinii pneumonia; inhalational injury

Interventions Continuously aerosolized synthetic surfactant (Exosurf ) with DPPC 13.5 mg/ml) 240 ml

daily for 5 days (estimated aerosolized DPPC: 112 mg/kg/d), or placebo (nebulized 0.45%

saline)

Outcomes 30 day mortality: RR 1.01 (95% CI 0.84 to 1.20)

Duration of ventilation: MD -0.40 days (95% CI -3.04 to 2.24)

Adverse events leading to discontinuation of therapy not reported

Serious adverse events: treatment: 5/364 (hypotension, barotrauma, hypoxaemia, increased

peak airway pressure, respiratory arrest); control: 3/361 (hypotension, barotrauma)
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Anzueto 1996 (Continued)

Notes Duration of ventilation was reported as 16.0 (1.0) days for the surfactant group and 16.4

(0.9) days for the placebo group. Although the authors reported the duration of ventilation

as mean (standard deviation), the standard deviations were extremely small and we assumed

that they were standard errors of the mean

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Ardizzoia 1993

Methods n = 30, 1 centre

Allocation concealment: not described

Baseline similarity: age

Blinding: caregivers not blinded (no placebo)

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: metastatic cancer; diffuse CXR infiltrates, rapid fall in PaO2, and absence of

congestive heart failure

Interventions IV pentoxyfylline 100 mg twice daily for 7 days, then 400 mg orally three times daily; or

no pentoxifylline

Outcomes 1 month mortality: 10/15 (pentoxifylline group) and 15/15 (control group); RR 0.67 (95%

CI 0.47 to 0.95)

Adverse events leading to discontinuation of therapy: none

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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ARDS Network 2000b

Methods n = 234, 10 centres

Allocation concealment: central randomization

Baseline similarity: age (A), APACHE III (A), sepsis (A)

Blinding: caregivers, study coordinators, investigators

Cointerventions: lung protective ventilation studied in factorial design; screening for ability

to wean and weaning protocol standardized

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation; AECC definition for ALI and ARDS; duration of ALI

or ARDS < 36 hours

Exclusions: Neurologic disease impairing weaning; chronic lung disease; morbid obesity;

liver disease; immunocompromised; burns; increased intracranial pressure

Interventions Enteral ketoconazole, 400 mg once daily for 21 days or until 48 hours of unassisted breath-

ing, or placebo

Outcomes Hospital mortality: RR 1.03 (95% CI 0.84 to 1.29)

Ventilator free days to day 28 (median): 10 (ketoconazole group); 9 (placebo group); p =

0.89

Adverse events leading to discontinuation of therapy not reported

All adverse events: no difference in incidence of liver enzyme elevations (p = 0.53); trend

to more cardiovascular adverse events in ketoconazole group (p = 0.07)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

ARDS Network 2002

Methods n = 235, 10 centres

Allocation concealment: central randomization

Baseline similarity: age, APACHE III, sepsis

Blinding: caregivers, study coordinators, investigators

Cointerventions: lung protective ventilation studied in factorial design in 194 patients and

applied to all patients subsequently enrolled; screening

for ability to wean and weaning protocol standardized

Withdrawals: none

Losses to follow-up: unclear

Participants Inclusions: Mechanical ventilation; AECC definition for ALI and ARDS; duration of ALI

or ARDS < 36 hours

Exclusions: Neurologic disease impairing weaning, chronic lung disease, morbid obesity,

liver disease; immunocompromised; burns; increased intracranial pressure
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ARDS Network 2002 (Continued)

Interventions IV lisofylline 3 mg/kg (maximum 300 mg) every 6 hours for 20 days or until 48 hours of

unassisted breathing, or placebo

Outcomes 28 day mortality: RR 1.31 (95% CI 0.87 to 1.98)

Ventilator free days to day 28 (median): 9 (lisofylline group); 11 (placebo group); p = 0.62

Adverse events leading to discontinuation of therapy not reported

Severe adverse events: “no significant difference”

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Bernard 1987

Methods n = 99, 7 centres

Allocation concealment: sequentially numbered drug packs

Baseline similarity: age (A), duration of ventilation (A), organ failures (A), sepsis

Blinding: caregivers, investigating team

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; bilateral CXR infiltrates; PaO2 of 70 mmHg or less on

FiO2 of at least 0.4, or PaO2/PAO2 of 0.3 or less; no LAH

Exclusions: Hypotension; burns; some infections

Interventions IV methylprednisolone,30 mg/kg IV every 6 hours for 4 doses, or placebo

Outcomes 45 day mortality: RR 0.95 (95% CI 0.69 to 1.29)

Adverse events leading to discontinuation of therapy not reported

Other safety information: infectious complications (treatment: 8/50, control: 5/49)

Notes Mean duration of mechanical ventilation before study entry was 2.8 days (standard error

0.5 days) in the methylprednisolone group and 1.9 days (standard error 0.4 days) in the

placebo group

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate
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Bernard 1997a

Methods n = 48, 5 centres

Allocation concealment: sequentially numbered drug packs

Baseline similarity: age, APACHE II

Blinding: caregivers, investigating team

Cointerventions: not described

Withdrawals: NAC (2/16), procysteine (none), control (none). Mortality information for

one withdrawn patient who received NAC was available and included in the analysis

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation; bilateral CXR infiltrates, no LAH, P/F of 200 mmHg

or less or 225 mmHg or less if PEEP > 10 cmH2O; duration of ARDS < 24 h

Exclusions: Severe acute or chronic liver disease; immunocompromised

Interventions IV NAC, 70 mg/kg every 8 hours for 10 days (total dose 2100 mg/kg), or IV procysteine,

63 mg/kg every 8 hours for 10 days, or placebo

Outcomes 30 day mortality (NAC versus control): RR 0.83 (95% CI 0.32 to 2.15)

30 day mortality (procysteine versus control): RR 0.88 (95% CI 0.36 to 2.16)

Ventilator free days to day 30 (median): 11 (NAC group); 20 (procysteine group); 3 (placebo

group); differences not significant at p = 0.05 level

Adverse events attributed to study medication: none

Notes Patients (n = 48) were randomized to receive NAC (n = 16), procysteine (n = 17), or placebo

(n = 15)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Bernard 1999

Methods n = 60

Allocation concealment: not described

Baseline similarity: “comparable” except for presence of shock (more common in treatment

group)

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation; AECC definition for ALI and ARDS; duration of ALI

or ARDS < 36 hours

Exclusions: Neurologic disease impairing weaning; chronic lung disease; morbid obesity;

liver disease; immunocompromised; burns; increased intracranial pressure

Interventions IV interleukin-10, 8 mcg/kg or 20 mcg/kg IV daily for 6 days, or placebo
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Bernard 1999 (Continued)

Outcomes 28 day mortality (both doses of interleukin-10 versus control): RR 0.68 (95% CI 0.26 to

1.76)

Ventilator free days to day 28 (not stated if mean or median): 15 (8 mcg/kg group); 6 (20

mcg/kg group); 9 (placebo group); p value not given

Adverse events leading to discontinuation of therapy: none

Notes Published only as abstract

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Bone 1989a

Methods n = 147, 13 centres

Allocation concealment: central randomization

Baseline similarity: age, sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: In Bone 1989b, 1/50 control patients died shortly after randomization but

before the start of study drug infusion. This patient was included in the analyses of 30 day

and 6 month mortality. No treatment patient was withdrawn. Additional withdrawals were

not described in Slotman 1992

Losses to follow-up: In Bone 1989b, one patient was lost to follow-up before 30 days and

was classified as a survivor. The treatment group of this patient was unclear and we therefore

retained this patient in our analyses. Another two control patients and three treatment

patients were lost to follow-up between 30 days and six months. These patients were not

included the the analysis of six month mortality. No additional losses to follow-up are

described in Slotman 1992

Participants Inclusions: Risk factor for ARDS: trauma, post surgery, sepsis; bilateral CXR infiltrates;

P/F less than or equal to 150 mmHg on PEEP = 0 cmH2O or less than or equal to 200

mmHg on PEEP > 0 cmH2O

Exclusions: Severe lung disease, liver or renal failure; severe head injury; high dose steroids

Interventions Continuous IV PGE1, maximum dose 30 ng/kg/minute (43.2 mcg/kg/day) for 7 days, or

placebo

Outcomes 30 day mortality: RR 1.15 (RR 0.86 to 1.55), based on data from 147 patients

Six month mortality: RR 1.18 (95% CI 0.89 to 1.57), based on data from 96 patients

Adverse events leading to discontinuation of therapy not reported

Other safety information: hypotension (treatment: 10/50 patients, control: 7/51 patients)

; dysrhythmias (treatment: 10/50 patients, control: 5/51 patients); flushing (treatment: 2/

50 patients, control: none); diarrhoea (treatment: 6/50 patients, control: 1/51 patients)
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Bone 1989a (Continued)

Notes Data from 147 patients were reported in Slotman 1992, of whom data from 101 patients

were reported in Bone 1989b. We counted these two publications as one study. We extracted

30 day mortality data from Slotman 1992 and six month mortality and adverse events data

from Bone 1989b

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Domenighetti 1997

Methods n = 45, 4 centres

Allocation concealment: not described

Baseline similarity: age, SAPS II, sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: treatment (1/23), control (2/22)

Losses to follow-up: none

Participants Inclusions: AECC definition for ARDS

Exclusion: Immunocompromised

Interventions Continuous IV NAC, 190 mg/kg/day for 3 days (total dose 570 mg/kg), or placebo

Outcomes ICU mortality: RR 1.27 (95% CI 0.48 to 3.37), based on data from 42 patients

Duration of ventilation: MD -1.2 days (95% CI -5.2 to 2.8), based on data from 42 patients

Adverse events attributed to study medication: none

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

29Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Gottlieb 1994

Methods n = 25

Allocation concealment: not described

Baseline similarity: age, APACHE II

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; diffuse CXR infiltrates, P/F ratio < 285 mmHg, no

cardiogenic pulmonary edema

Interventions IV neutrophil elastase inhibitor (ICI 200,880), 350mg for up to 14 days, or placebo

Outcomes Mortalilty: RR 0.27 (95% CI 0.04 to 2.10)

Notes Published as abstract only

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Gregory 1997

Methods n = 51, 5 centres (see Notes)

Allocation concealment: not described

Baseline similarity: age, sepsis, organ failures

Blinding: caregivers not blinded (no placebo)

Cointerventions: only mode of mechanical ventilation standardized during study period

Withdrawals: treatment (1/27), control (none)

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; mechanical ventilation; bilateral CXR infiltrates, P/F less

than or equal to 200 mmHg, PEEP at least 5 cmH2O, compliance less than or equal to 50

ml/cmH2O, PAOP less than or equal to 18 mmHg; duration of ARDS 48 hours or less

Exclusions: Chronic lung disease; lung cancer; AIDS; cardiogenic shock; head injury

Interventions Intratracheal bovine surfactant (Survanta), 50 mg/kg for 8 doses, or 100 mg/kg for 4 doses,

or 100 mg/kg for 8 doses, or standard therapy

Outcomes 28 day mortality (see Notes): RR 0.59 (95% CI 0.25 to 1.38), based on data from 43

patients

Duration of ventilation (median days): 15 (50mg/kg for 8 doses group), 10 (100 mg/kg

for 8 doses), 10 (control group); difference not significant at p = 0.05 level

Adverse events leading to discontinuation of therapy not reported

Any adverse event: treatment: 6/27 patients, including respiratory events, haemodynamic

instability, rash, decreased consciousness; control: 0/16 patients
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Gregory 1997 (Continued)

Notes The mortality comparison includes patients who received surfactant (50 mg/kg for 8 doses

and 100 mg/kg for 8 doses) versus control. We excluded the treatment arm with 100 mg/

kg of phospholipids for 4 doses because it included directly (n = 8) and randomly (n = 8)

allocated patients. Outcomes were not reported separately for the 8 randomized patients

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Holcroft 1986a

Methods n = 41, 1 centre

Allocation concealment: not described

Baseline similarity: age, duration of ventilation, sepsis

Blinding: caregivers, investigators

Cointerventions: one patient in each group received corticosteroids

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; mechanical ventilation; bilateral CXR infiltrates, com-

pliance less than or equal to 50 mL/cmH2O, FiO2 at least 0.4 and PEEP at least 5 cmH2O

Exclusions: Risk of intracranial haemorrhage; haemodynamic instability

Interventions Continuous IV PGE1, maximum dose 30 ng/kg/minute (43.2 mcg/kg/day) for 7 days, or

placebo

Outcomes 30 day mortality: RR 0.66 (95% CI 0.37 to 1.19)

Adverse events leading to discontinuation of therapy: hypotension (treatment: 4/21 pa-

tients, control: 1/20); malaise or agitation (treatment: 2/21 patients, control: none)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Jepsen 1992

Methods n = 66, 1 centre

Allocation concealment: not described

Baseline similarity: age

Blinding: caregivers

Cointerventions: corticosteroid administration “no different” between groups

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; PaO2 < 55 mmHg on room air or P/F < 250 mmHg;

duration of intubation < 24 hours

Exclusions: Chronic lung, cardiovascular, liver or renal disease

Interventions IV NAC, bolus 150 mg/kg, then 20 mg/kg/hour continuously for 7 days (total dose 3510

mg/kg), or placebo

Outcomes 60 day mortality: RR 1.06 (95% CI 0.67 to 1.70)

Adverse events leading to discontinuation of therapy: treatment: 1/32 (rash), control: 0/34

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Kesecioglu 2001

Methods n = 36

Allocation concealment: not described

Baseline similarity: not described

Blinding: caregivers not blinded (no placebo)

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Patients with ALI/ARDS (not described)

Interventions Intratracheal porcine surfactant (HL10) with 100-200 mg/kg of phospholipids, up to 4

doses, or standard therapy

Outcomes 28 day mortality: RR 0.21 (95% CI 0.05 to 0.91)

Ventilator free days to day 28: MD 0.80 (95% CI -6.33 to 7.93)

Notes Published only as abstract

Risk of bias
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Kesecioglu 2001 (Continued)

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Meduri 1998

Methods n = 24, 4 centres

Allocation concealment: not described

Baseline similarity: age, MODS, sepsis; analyses adjusted for variables used to calculate

severity of illness scores

Blinding: caregivers

Cointerventions: lung protective ventilation (limitation of plateau pressure to 35 cmH20)

used in both groups

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: AECC definition for ARDS; at least 7 days of mechanical ventilation; lung

injury score at least 2.5 with a reduction of less than 1 point from day 1 of ARDS

Exclusions: ARDS of 3 or more weeks’ duration; untreated infection; burns; recent gas-

trointestinal bleed

Interventions IV methylprednisolone, 2 mg/kg/day IV for 14 days, tapering to zero over the next 18 days,

or placebo

Outcomes ICU mortality: 0/16 (methylprednisolone group) and 5/8 (placebo group); RR 0.05 (95%

CI 0 to 0.78)

Hospital mortality: 2/16 (methylprednisolone group) and 5/8 (placebo group); RR 0.20

(95% CI 0.05 to 0.81)

Duration of ventilation (median days): 11.5 (methylprednisolone group); 23 (placebo

group); p = 0.001

Adverse events leading to discontinuation of therapy not reported

Other safety data: infections per 100 patient-days of treatment: 8 (methylprednisolone

group); 7 (placebo group)

Notes The mean duration of ARDS at randomization was 9.4 days (standard error 0.9 days) in

the methyprednisolone group and 8.8 days (standard error 1.2 days) in the placebo group

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Ortolani 2000

Methods n = 36, 2 centres

Allocation concealment: not described

Baseline similarity: age, APACHE II score

Blinding: none

Cointerventions: not clearly described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation; bilateral CXR infiltrates, P/F less than or equal to 200

mmHg or less than or equal to 250 mmHg if PEEP at least 10 cm H2O

Exclusions: duration of ARDS more than 24 hours; haemodynamic instability; severe heart

or liver disease; “septic complications during trial”

Interventions IV NAC, 50 mg/kg every 8 hours while mechanically ventilated, or IV NAC, 50 mg/kg

every 8 hours and IV rutin, 5 mg/kg every 8 hours, both while mechanically ventilated, or

control (250 mL of 5% dextrose in water)

Outcomes 30 day mortality (NAC and NAC plus rutin versus control): RR 0.64 (95% CI 0.32 to 1.

30)

Adverse events leading to discontinuation of therapy not reported

Adverse effects on cardiac performance: none

Notes Patients (n = 36) were randomized to receive NAC (n = 12), NAC and rutin (n = 12), or

control (n = 12)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Presneill 2002

Methods n = 18, 1 centre

Allocation concealment: presupplied randomized drug packs

Baseline similarity: age (D), APACHE II, duration of ventilation

Blinding: caregivers, data collectors

Cointerventions: Level of PEEP and tidal volumes similar in two groups

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor: severe sepsis; CXR infiltrate, PaO2 < 60 mmHg on room air or P/

F < 287 mmHg

Exclusions: Malignancy, immunosuppression

Interventions IV GM-CSF, 3 mcg/kg daily for 5 days, or placebo
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Presneill 2002 (Continued)

Outcomes Hospital mortality: RR 1.33 (95% CI 0.45 to 3.96)

Adverse events leading to discontinuation of therapy: treatment: 1/10 (transient oliguria),

control: 0/8

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Reines 1985

Methods n = 10

Allocation concealment: not described

Baseline similarity: not described

Blinding: unclear (“single-blind”, placebo used)

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor: sepsis syndrome; PaO2 < 60 mmHg or intrapulmonary shunt >

20% or radiologic evidence of ARDS

Exclusions: Major cardiac, pulmonary, renal, endocrine diseases

Interventions IV dazoxiben, 100 mg every 4 hours for 72 hours, or placebo

Outcomes Mortality: RR 2.00 (95% CI 0.26 to 15.62)

Adverse events leading to discontinuation of therapy: none

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Reines 1992

Methods n = 49

Allocation concealment: not described

Baseline similarity: not described

Blinding: caregivers

Cointerventions: not described

Withdrawals: not described

Losses to follow-up: not described

Participants Inclusion: Sepsis-induced ARDS

Exclusions: Not described

Interventions Continuously aerosolized synthetic surfactant (Exosurf ) with DPPC 40.5 mg/ml, or with

DPPC 81 mg/ml, or placebo (nebulized 0.6% saline), for up to 5 days

Outcomes 14 day mortality (all surfactant doses versus control): RR 0.61 (95% CI 0.30 to 1.24)

Adverse events leading to discontinuation of therapy not reported

Other safety information: treatment: 2/33 patients had exhalation filter occlusion

Notes Published only as abstract

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Rossignon 1990

Methods n = 23, 1 centre

Allocation concealment: not described

Baseline similarity: age, duration of ventilation

Blinding: caregivers

Cointerventions: not described (no patients received corticosteroids at time of randomiza-

tion, but not specifically stated whether corticosteroids given after randomization)

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor: surgery or trauma; diffuse CXR infiltrates, PaO2 at least 60 mmHg

on FiO2 at least 0.5, no left ventricular failure

Exclusion: chronic obstructive pulmonary disease

Interventions Continuous IV PGE1, dose titrated to 30 ng/kg/minute (43.2 mcg/kg/day) for 7 days, or

placebo

Outcomes Mortality: RR 0.55 (95% CI 0.23 to 1.31)

Duration of ventilation: MD 4 days (95% CI -13 to 21)

Adverse events leading to discontinuation of therapy: treatment: 2/11 patients (hypoten-

sion), control: 0/12 patients

36Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Rossignon 1990 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Shoemaker 1986

Methods n = 9, 1 centre

Allocation concealment: local independent randomization

Baseline similarity: age (D)

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor: sepsis or surgery; mechanical ventilation; CXR infiltrates, PaO2 <

55 mmHg on room air or P/F ratio < 250 mmHg, no evidence of volume overload

Interventions Continuous IV PGE1, dose titrated to 30 ng/kg/minute (43.2 mcg/kg/day) for 48-72

hours, or placebo

Outcomes Mortality: RR 0.80 (95% CI 0.52 to 1.24)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Spragg 2002a

Methods n = 221

Allocation concealment: not described

Baseline similarity: APACHE II (D)

Blinding: caregivers (sham medication delivery in control group)

Cointerventions: not described (lung protective ventilation “encouraged”)

Withdrawals: not described

Losses to follow-up: none

Participants Patients with ARDS (not described)
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Spragg 2002a (Continued)

Interventions Intratracheal synthetic surfactant (Venticute, containing 1 mg recombinant surfactant pro-

tein C and 50 mg phospholipids per ml), 1 ml/kg up to 4 doses in 12-24 hours, or standard

therapy

Outcomes 28 day mortality: RR 1.27 (95% CI 0.84 to 1.93)

Ventilator-free days to day 28: “not different between the groups” (data not reported)

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

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Spragg 2002b

Methods n = 227

Allocation concealment: not described

Baseline similarity: APACHE II (D)

Blinding: caregivers (sham medication delivery in control group)

Cointerventions: not described (lung protective ventilation “encouraged”)

Withdrawals: not described

Losses to follow-up: treatment (1/118); control (1/109)

Participants Patients with ARDS (not described)

Interventions Intratracheal synthetic surfactant (Venticute, containing 1 mg recombinant surfactant pro-

tein C and 50 mg phospholipids per ml), 1 ml/kg up to 4 doses in 12-24 hours, or standard

therapy

Outcomes 28 day mortality: RR 0.99 (95% CI 0.71 to 1.37), based on data from 225 patients

Ventilator-free days to day 28: “not different between the groups” (data not reported)

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

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Spragg 2003

Methods n = 40, 11 centres

Allocation concealment: central randomization

Baseline similarity: age, modified APACHE II, sepsis

Blinding: caregivers unblinded (no placebo)

Cointerventions: daily screening for ability to wean

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor for ARDS; AECC definition of ARDS; duration of ARDS not more

than 48 hours; PEEP of at least 5 cmH20; at least 48 hours of antimicrobial therapy if

pneumonia present

Exclusions: Hemodynamic instability; severe hypoxaemia; lung cancer; AIDS

Interventions Intratracheal synthetic surfactant (Venticute, containing 1 mg recombinant surfactant pro-

tein C and 50 mg phospholipids per ml), 1 ml/kg up to 4 doses in 24 hours, or 0.5 mL/

kg up to 4 doses in 24 hours, or standard therapy

Outcomes 28 day mortality (all surfactant doses versus control): RR 0.67 (95% CI 0.26 to 1.72)

Ventilator-free days to day 28 [median (interquartile range)]: low dose: 4 (0 to 12); high

dose 5 (0 to 18); control: 6 (0 to 15); differences reported to be non significant

Adverse events leading to discontinuation of therapy: none

Other safety data: treatment: 1/27 patients had an adverse event likely related to treatment

(transient hypoxia and supraventricular tachycardia); no difference in incidence of serious

adverse events

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Steinberg 1990

Methods n = 10, 1 centre

Allocation concealment: not described

Baseline similarity: age

Blinding: caregivers blinded; investigators not blinded

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: bilateral infiltrates on CXR, P/F ratio less than 200 mmHg, PEEP greater than

5 cmH20, PAOP less than or equal to 18 mmHg; duration of ventilation at least 24 hours

Exclusions: chronic lung disease; pneumonia; gastrointestinal bleeding

Interventions One dose of IV indomethacin 50 mg or placebo
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Steinberg 1990 (Continued)

Outcomes Mortality: RR 0.50 (95% CI 0.06 to 3.91)

Adverse events leading to discontinuation of therapy not reported

Other safety data: no differences in levels of creatinine or blood urea nitrogen

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Suter 1994

Methods n = 61, 4 centres

Allocation concealment: not described

Baseline similarity: age, SAPS II, sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: Risk factor and mild-moderate ALI (lung injury score between 0.1 and 2.5)

Exclusions: Cardiogenic pulmonary edema; immunocompromised

Interventions Continuous IV NAC, 40 mg/kg/day for 3 days (total dose 120 mg/kg), or placebo

Outcomes 1 month mortality: RR 0.63 (95% CI 0.28 to 1.45)

Adverse events attributed to study medication: none

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Tuxen 1987

Methods n = 45, 2 centres

Allocation concealment: not described

Baseline similarity: age (D), sepsis

Blinding: caregivers

Cointerventions: not described

Withdrawals: treatment (5/22); control (2/23)

Losses to follow-up: none

Participants Inclusions: bilateral CXR infiltrates, noncardiogenic pulmonary edema, PaO2 < 80 mmHg

with Fi02 at least 0.4

Exclusions: history of pulmonary disease or pulmonary trauma

Interventions IV acyclovir, 5 mg/kg daily for 18 days or until end of mechanical ventilation, or placebo

Outcomes Mortality: RR 1.10 (95% CI 0.54 to 2.22), based on data from 38 patients

Duration of ventilation: MD 6.0 days (95% CI -4.4 to 16.4)

Adverse events (any): none

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Vincent 2001

Methods n = 102, 31 centres

Allocation concealment: not described

Baseline similarity: age (D), SAPS II, sepsis

Blinding: caregivers

Cointerventions: Nitric oxide applied according to protocol

Withdrawals: none

Losses to follow-up: none

Participants Inclusions: AECC definition for ARDS; duration of ARDS < 24 hours

Exclusions: Recent MI; chronic congestive heart failure; liver or renal failure; pneumonec-

tomy; neurogenic pulmonary edema; neutropenia

Interventions IV liposomal PGE1, dose titrated to 1.8 mcg/kg every 6 hours (7.2 mcg/kg/day) for 7 days,

or placebo

Outcomes 28 day mortality: RR 1.07 (95% CI 0.55 to 2.06)

Duration of ventilation (days; not stated whether median or mean): 16 (PGE1 group); 16.

6 (placebo group); p = 0.94

Adverse events leading to discontinuation of therapy (details not given): treatment: 8/70,

control: 2/32
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Vincent 2001 (Continued)

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

Walmrath 2000

Methods n = 41, centres in Europe and South Africa (see Notes)

Allocation concealment: not described

Baseline similarity: not described

Blinding: caregivers not blinded (no placebo)

Cointerventions: not described

Withdrawals: none

Losses to follow-up: not described

Participants ARDS, not further described

Interventions Intratracheal synthetic surfactant (Venticute, containing 1 mg recombinant surfactant pro-

tein C and 50 mg phospholipids per ml), 1 ml/kg up to 4 doses in 24 hours (medium dose)

, or 4 ml/kg followed by up to 3 doses of 2 ml/kg within 24 hours (high dose), or standard

therapy

Outcomes Mortality (medium dose surfactant versus control): RR 0.86 (95% CI 0.27 to 2.71), based

on data from 26 patients

Ventilator-free days to day 28 (median): medium dose: 14; high dose: not reported; control:

0

Notes Published only as abstract. Mortality data are reported only for the medium dose and

standard therapy groups (n = 26)

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear
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Weg 1994

Methods n = 51, 20 centres

Allocation concealment: central randomization

Baseline similarity: age, APACHE II

Blinding: caregivers

Cointerventions: “no difference” in use of glucocorticoids or mineralocorticoids

Withdrawals: not described

Losses to follow-up: not described

Participants Inclusions: Risk factor: sepsis or sepsis syndrome present < 18 hours; mechanical ventilation;

bilateral CXR infiltrates, P/F 50-299 mmHg

Exclusions: Chronic lung, liver or renal disease; AIDS; pulmonary infection; cardiac is-

chaemia or left ventricular failure

Interventions Continuously aerosolized synthetic surfactant (Exosurf ) with DPPC 13.5 mg/ml, 175 ml

every 4 hours for 12 hours/day or 24 hours/day for 5 days (estimated aerosolized DPPC:

21.9 and 43.5 mg/kg/day respectively), or placebo (nebulized 0.6% saline)

Outcomes 30 day mortality (all surfactant doses versus control): RR 0.81 (95% CI 0.42 to 1.57)

Adverse events leading to discontinuation of therapy not reported

Other safety data: treatment: pneumothorax (1/34 patients), clonus (1/34 patients); control:

0/17 patients had adverse events

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Low risk A - Adequate

Weigelt 1985

Methods n = 88, 1 centre

Allocation concealment: not described

Baseline similarity: age (D), sepsis

Blinding: caregivers

Cointerventions: application of PEEP protocolized

Withdrawals: 7/88 (group unclear)

Losses to follow-up: none

Participants Inclusions: Mechanical ventilation with PaO2 < 100 mmHg on FiO2 = 0.4 and PaO2 <

350 mmHg on FiO2 = 1

Exclusions: Presence of ARDS (more than one of the following: PaO2 < 250 mmHg on FiO2

= 1, pulmonary shunt > 25%, diffuse interstitial edema on CXR); immunocompromised;

some infections; uncontrolled diabetes mellitus

Interventions IV methylprednisolone, 30 mg/kg IV every 6 hours for 48 hours, or placebo
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Weigelt 1985 (Continued)

Outcomes Mortality: RR 1.49 (95% CI 0.85 to 2.62), based on data from 81 patients

Duration of ventilation (days): 20 (range 5 to 63) in treatment group, 18 (range 3 to 72)

in placebo group

Adverse events leading to discontinuation of therapy not reported

Other safety information: infectious complications (treatment: 30/39 patients, control: 18/

42 patients)

Notes The duration of mechanical ventilation prior to randomization was not reported

Risk of bias

Bias Authors’ judgement Support for judgement

Allocation concealment (selection bias) Unclear risk B - Unclear

All included studies were randomized controlled trials. Inclusions and exclusions refer to principal selection criteria. Outcomes include

those selected a priori for analysis in this review. For definition of lung injury score, see American Review of Respiratory Diesease

1988;138(3):720-3.

Methods notes:

Baseline similarity: Pre-randomization factors assessed included age, severity of illness, non-pulmonary organ failures, presence of sepsis,

and duration of hospitalization, ICU stay, or mechanical ventilation. Factors are listed if they were clinically similar between treatment

and control groups. Factors with significant clinical differences (D) between groups and included in an adjusted analysis (A) are noted.

Blinding: We assessed blinding of caregivers, data collectors, and outcomes assessors and note the use of other terms. We interpreted

“double-blind” to include caregiver blinding.

Cointerventions: We assessed whether the use of PEEP, a lung protective ventilation strategy, weaning protocols, corticosteroids, or

other interventions were standardized or documented.

Withdrawals: The number of randomized patients withdrawn from the mortality analysis.

Losses to follow-up: The number of randomized patients with incomplete follow-up data for mortality.

Abbreviations:

AECC = American-European Consensus Conference (see Background), AIDS = acquired immunodeficiency syndrome, ALI = acute

lung injury, APACHE = acute physiology and chronic health evaluation (see Critical Care Medicine 1985;13(10):818-29 and Chest

1991;100(6):1619-36), ARDS = acute respiratory distress syndrome, CI = confidence interval, CXR = chest radiograph, DPPC =

dipalmitoylphosphatidylcholine, HIV = human immunodeficiency virus, ICU = intensive care unit, IV = intravenous, LAH = left

atrial hypertension, MD = difference (mean in treatment group - mean in control group), MI = myocardial infarction, MODS =

multiple organ dysfunction score (see Critical Care Medicine 1995;23(10):1638-52), n = number of randomized patients, NAC =

N-acetylcysteine, PAO2 = partial pressure of alveolar oxygen, PAOP = pulmonary artery occlusion pressure, PEEP = positive end-

expiratory pressure, P/F = ratio of partial pressure of arterial oxygen (PaO2) to fraction of oxygen in inspired gas (FiO2), PGE1=

prostaglandin E1, RR = relative risk, SAPS = simplified acute physiology score (see Critical Care Medicine 1984;12(11):975-7).
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bernard 1989 RCT of N-acetylcysteine in 19 patients with ARDS; clinical outcomes not reported

Bernard 1991 RCT of ibuprofen in 30 patients with sepsis; not reported to have ALI/ARDS at randomization

Bernard 1997b RCT of ibuprofen in 455 patients with sepsis; not all patients had ALI/ARDS at randomization

Bigatello 1994 Subgroup analysis of patients with ARDS from RCT of HA-1A (human monoclonal antiendotoxin antibody)

for patients with sepsis

Bone 1987 RCT of methylprednisolone in patients at risk for ARDS; not reported to have ALI at randomization

Bone 1995 RCT of monoclonal antibody to endotoxin (E5) in patients with sepsis; not all patients had ALI/ARDS at

randomization

Bursten 1996 RCT of lisofylline in patients at risk for ARDS; not reported to have ALI at randomization

Fisher 1994 RCT of human interleukin 1 receptor antagonist for patients with sepsis; not all patients had ALI/ARDS at

randomization

Fourrier 1993 RCT of antithrombin III concentrates in 35 patients with septic shock; not reported to have ALI/ARDS at

randomization

Heard 1999 RCT of prostaglandin E1 in 28 patients with ARDS; clinical outcomes not reported

Kawai 1988 Case series of ulinastatin and steroids for patients with sepsis-induced ARDS

Kawai 1990 Case series of ulinastatin and steroids for patients with sepsis-induced ARDS

Konrad 1995 RCT of N-acetylcysteine in intubated surgical intensive care unit patients; not reported to have ALI/ARDS

at randomization

Looareesuwan 1998 RCT of pentoxyfylline in 45 patients with severe malaria; not reported to have ALI/ARDS at randomization

Lucas 1981 Quasi-randomized (allocation based on unit number) trial of steroids during trauma resuscitation; not reported

to have ALI/ARDS at randomization

Luce 1988 RCT of methylprednisolone in patients with septic shock at high risk of ARDS; not reported to have ALI at

randomization

Marshall 2001 Subgroup analysis of patients with ARDS from RCT of afelimomab (anti-tumour necrosis factor antibody)

for severe sepsis

McMichan 1976 RCT of aprotinin in patients lower extremity or pelvic trauma and shock; did not have ALI/ARDS at

randomization
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(Continued)

McMichan 1982 RCT of aprotinin in patients lower extremity or pelvic trauma and shock; did not have ALI/ARDS at

randomization; same patients enrolled in McMichan 1976

Nelson 1998 RCT of filgrastim in hospitalized patients with pneumonia; ARDS was exclusion criterion and not reported

to have ALI

Nelson 2000 RCT of filgrastim in hospitalized patients with multilobar pneumonia; ARDS was exclusion criterion and

not reported to have ALI

Ogawa 1996 RCT of ONO-5046 Na (a neutrophil elastase inhibitor) in systemic inflammatory response syndrome induced

lung injury; trial did not include a placebo or no therapy control group

Paran 1995 RCT of octreotide for pancreatitis; not reported to have ALI/ARDS at randomization

Paran 2000 RCT of octreotide for pancreatitis; not reported to have ALI/ARDS at randomization

Radermacher 1988 Non-randomized comparison of ketanserin and sodium nitroprusside in patients with ARDS

Radermacher 1989 Non-randomized crossover comparison of nitroglycerin and prostaglandin E1 in patients with ARDS

Root 2003 RCT of filgrastim for patients with pneumonia and severe sepsis; not all patients had ALI/ARDS at random-

ization

Russell 1990 Non-randomized comparison of prostaglandin E1 to control in patients with ARDS

Satoh 1998 RCT of surfactant in patients with unilateral lung injury after thoracic aneurysm surgery

Schuster 2003 RCT of platelet-activating factor acetylhydrolase in patients with severe sepsis; excluded patients with ARDS

and not reported to have ALI at randomization

Slotman 1988 RCT of ketoconazole to prevent ARDS; excluded patients with ARDS and not reported to have ALI at

randomization

Sprung 1984 RCT of corticosteroids in patients with septic shock; not reported to have ALI/ARDS at randomization

Tanaka 2001 RCT of lenograstim for patients with sepsis; majority but not all patients had mild-moderate ALI at random-

ization

Tuxen 1986 RCT of aprotinin to prevent ARDS in patients with trauma, sepsis, haemorrhage or surgery; excluded patients

with ARDS and not reported to have ALI at randomization

Umberger 2002 Cost-effectiveness data from RCT of methylprednisolone for late phase ARDS (Meduri 1998); no new clinical

outcomes reported

van der Merwe 1985 Non-randomized comparison methylprednisolone to control in patients with severe trauma; not reported to

have ALI/ARDS at randomization

Vincent 1985 RCT of dipyridamole for the prevention of ARDS; did not have ALI at randomization
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(Continued)

Wunderink 2001 RCT of filgrastim for patients with pneumonia and sepsis; not all patients had ALI/ARDS at randomization

Yu 1993 RCT of ketoconazole to prevent ARDS in patients with sepsis; not reported to have ALI at randomization

Abbreviations:

ALI = acute lung injury, ARDS = acute respiratory distress syndrome, RCT = randomized controlled trial

Characteristics of ongoing studies [ordered by study ID]

HL 10 2004

Trial name or title HL 10 for treatment of ALI and ARDS

Methods

Participants Not known

Interventions HL 10 (porcine surfactant) versus standard care

Outcomes Not known

Starting date Not known

Contact information Dr. Brian Juel Pedersen,

Information Specialist, Leo Pharma,

brian.pedersen@leo-pharma.com

Notes 1) Enrolment terminated May 2004; results not yet published or presented

2) Information from Leo

Pharma website, http://www.leo-pharma.com/w-site/leo/docs.nsf/2addbdd119e92fb08025690a004eb625/

797437f3e23f3e95c1256be50024818e?OpenDocument (accessed 20 April 2004)

LaSRS 2000

Trial name or title Late Steroid Rescue Study: The Efficacy of Corticosteroids as Rescue Therapy for the Late Phase of Acute

Respiratory Distress Syndrome

Methods

Participants 180 patients meeting AECC criteria for ARDS, 7-28 days from onset of ARDS, continuing to require

mechanical ventilation

Interventions Methylprednisolone 2 mg/kg bolus, then 0.5 mg/kg every 6 hours for 14 days, then 0.5 mg/kg every 12 hours

for 7 days, followed by a taper; or placebo
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LaSRS 2000 (Continued)

Outcomes 60 day mortality; ventilator-free days to day 28; organ failure-free days to day 28; reduction in markers of

fibroproliferation and inflammation at day 7; adverse events

Starting date 1997

Contact information Study chair:

Leonard Hudson MD, Harborview Medical Center, Seattle WA USA; njschwab@u.washington.edu

Notes 1) Enrolment terminated; preliminary results presented at American Thoracic Society International Confer-

ence, 25 May 2004

2) Study protocol available at http://www.ardsnet.org/ards02.php (accessed 20 April 2004)

Abbreviations:

AECC = American-European Consensus Conference (Bernard 1994), ALI = acute lung injury, ARDS = acute respiratory distress

syndrome
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D A T A A N D A N A L Y S E S

Comparison 1. Prostaglandin E1

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Early mortality 7 693 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.79, 1.19]

Comparison 2. N-acetylcysteine

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Early mortality 5 235 Risk Ratio (M-H, Random, 95% CI) 0.89 [0.65, 1.21]

Comparison 3. Early high-dose corticosteroids

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Early mortality 2 180 Risk Ratio (M-H, Random, 95% CI) 1.12 [0.72, 1.74]

Comparison 4. Surfactant

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Early mortality 9 1416 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.77, 1.12]
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Analysis 1.1. Comparison 1 Prostaglandin E1, Outcome 1 Early mortality.

Review: Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome

Comparison: 1 Prostaglandin E1

Outcome: 1 Early mortality

Study or subgroup Prostaglandin E1 Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Abraham 1996 1/17 2/8 0.8 % 0.24 [ 0.02, 2.23 ]

Abraham 1999 57/176 50/170 29.5 % 1.10 [ 0.80, 1.51 ]

Bone 1989a 42/72 38/75 32.2 % 1.15 [ 0.86, 1.55 ]

Holcroft 1986a 9/21 13/20 10.9 % 0.66 [ 0.37, 1.19 ]

Rossignon 1990 4/11 8/12 5.2 % 0.55 [ 0.23, 1.31 ]

Shoemaker 1986 4/5 4/4 12.4 % 0.83 [ 0.48, 1.44 ]

Vincent 2001 21/70 9/32 8.9 % 1.07 [ 0.55, 2.06 ]

Total (95% CI) 372 321 100.0 % 0.97 [ 0.79, 1.19 ]

Total events: 138 (Prostaglandin E1), 124 (Control)

Heterogeneity: Tau2 = 0.01; Chi2 = 7.04, df = 6 (P = 0.32); I2 =15%

Test for overall effect: Z = 0.31 (P = 0.76)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours PGE1 Favours control
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Analysis 2.1. Comparison 2 N-acetylcysteine, Outcome 1 Early mortality.

Review: Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome

Comparison: 2 N-acetylcysteine

Outcome: 1 Early mortality

Study or subgroup N-acetylcysteine Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bernard 1997a 5/15 6/15 10.9 % 0.83 [ 0.32, 2.15 ]

Domenighetti 1997 7/22 5/20 10.3 % 1.27 [ 0.48, 3.37 ]

Jepsen 1992 17/32 17/34 44.7 % 1.06 [ 0.67, 1.70 ]

Ortolani 2000 9/24 7/12 19.7 % 0.64 [ 0.32, 1.30 ]

Suter 1994 7/32 10/29 14.4 % 0.63 [ 0.28, 1.45 ]

Total (95% CI) 125 110 100.0 % 0.89 [ 0.65, 1.21 ]

Total events: 45 (N-acetylcysteine), 45 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.56, df = 4 (P = 0.63); I2 =0.0%

Test for overall effect: Z = 0.76 (P = 0.45)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours NAC Favours control
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Analysis 3.1. Comparison 3 Early high-dose corticosteroids, Outcome 1 Early mortality.

Review: Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome

Comparison: 3 Early high-dose corticosteroids

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

Bernard 1987 30/50 31/49 63.3 % 0.95 [ 0.69, 1.29 ]

Weigelt 1985 18/39 13/42 36.7 % 1.49 [ 0.85, 2.62 ]

Total (95% CI) 89 91 100.0 % 1.12 [ 0.72, 1.74 ]

Total events: 48 (Corticosteroids), 44 (Control)

Heterogeneity: Tau2 = 0.05; Chi2 = 2.00, df = 1 (P = 0.16); I2 =50%

Test for overall effect: Z = 0.50 (P = 0.61)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours steroids Favours control
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Analysis 4.1. Comparison 4 Surfactant, Outcome 1 Early mortality.

Review: Pharmacologic therapies for adults with acute lung injury and acute respiratory distress syndrome

Comparison: 4 Surfactant

Outcome: 1 Early mortality

Study or subgroup Surfactant Control Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Anzueto 1996 145/364 143/361 38.9 % 1.01 [ 0.84, 1.20 ]

Gregory 1997 7/27 7/16 4.4 % 0.59 [ 0.25, 1.38 ]

Kesecioglu 2001 2/22 6/14 1.6 % 0.21 [ 0.05, 0.91 ]

Reines 1992 10/33 8/16 6.1 % 0.61 [ 0.30, 1.24 ]

Spragg 2002a 34/106 29/115 14.8 % 1.27 [ 0.84, 1.93 ]

Spragg 2002b 46/117 42/108 21.1 % 1.01 [ 0.73, 1.40 ]

Spragg 2003 7/27 5/13 3.7 % 0.67 [ 0.26, 1.72 ]

Walmrath 2000 4/14 4/12 2.5 % 0.86 [ 0.27, 2.71 ]

Weg 1994 13/34 8/17 7.0 % 0.81 [ 0.42, 1.57 ]

Total (95% CI) 744 672 100.0 % 0.93 [ 0.77, 1.12 ]

Total events: 268 (Surfactant), 252 (Control)

Heterogeneity: Tau2 = 0.01; Chi2 = 9.90, df = 8 (P = 0.27); I2 =19%

Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours surfactant Favours control

A D D I T I O N A L T A B L E S

Table 1. Proposed mechanisms of action of pharmacologic treatments for ALI and ARDS

Pharmacotherapy Mechanism of Action

Prostaglandin E1 Pulmonary vasodilator; decreases neutrophil activation; decreases platelet ag-

gregation

N-acetylcysteine and procysteine Antioxidant (scavenger of free radical oxygen species)

Corticosteroids Multiple anti-inflammatory pathways; prevents collagen deposition
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Table 1. Proposed mechanisms of action of pharmacologic treatments for ALI and ARDS (Continued)

Surfactant Restores normal mechanical properties of alveoli (surface tension, alveolar

opening)

Dazoxiben Anti-inflammatory agent and pulmonary vasodilator (inhibits thromboxane

synthase)

Acyclovir Treats herpes simplex virus, which can be found in lower respiratory tract of

patients with lung injury

Indomethacin Anti-inflammatory agent (decreases thromboxane production by inhibiting

cyclooxygenase)

Pentoxifylline Prevents neutrophil chemotaxis and activation (phosphodiesterase inhibitor)

Neutrohil elastase inhibitor Inhibits pro-inflammatory and tissue destroying protease

Interleukin-10 Immunomodulator (anti-inflammatory cytokine)

Ketoconazole Multiple anti-inflammatory pathways (inhibits thromboxane synthase, 5-

lipoxygenase, alveolar macrophages)

Lisofylline Multiple anti-inflammatory pathways (decreases oxidized free fatty acids and

pro-inflammatory cytokines)

Granulocyte-macrophage colony-stimulating factor Immunomodulator (stimulates phagocytosis and functions of host defence

cells)

A P P E N D I C E S

Appendix 1. Search strategy for OVID MEDLINE, CENTRAL, CINAHL, and HEALTHSTAR

1. randomized controlled trial.pt.

2. controlled clinical trial.pt.

3. randomized controlled trials/

4. random allocation/

5. double-blind method/

6. single-blind method/

7. or/1-6

8. animal/ not human/

9. 7 not 8

10. clinical trial.pt.

11. exp clinical trials/

12. (clinic$ adj25 trial$).tw.

13. ((singl$ or doubl$ or trebl$ or tripl$) adj (mask$ or blind$)).tw.
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14. placebos/

15. placebo$.tw.

16. random$.tw.

17. research design/

18. (latin adj square).tw.

19. or/10-18

20. 19 not 8

21. 20 not 9

22. comparative study/

23. exp evaluation studies/

24. follow-up studies/

25. prospective studies/

26. (control$ or prospectiv$ or volunteer$).tw.

27. cross-over studies/

28. or/22-27

29. 28 not 8

30. 29 not (9 or 21)

31. 9 or 21 or 30

32. respiratory distress syndrome, adult/

33. ((acute adj lung adj injur:) or (shock adj lung) or ards).tw.

34. ((acute or adult) and (respiratory adj distress)).tw.

35. or/32-34

36. 31 and 35

Appendix 2. Search strategy for EMBASE

1. randomized controlled trial/

2. exp controlled study/

3. prospective study/

4. exp clinical trial/

5. single blind procedure/

6. double blind procedure/

7. comparative study/

8. evaluation/ or follow up/

9. (clinic$ adj25 (trial or stud:)).tw.

10. random:.tw.

11. ((singl: or doubl: or trebl: or tripl:) adj (blind: or mask:)).tw.

12. placebo.tw.

13. placebo/

14. (control: or prospectiv:).tw.

15. ct.fs. 16. or/1-15

17. animal/ not human/

18. 16 not 17

19. respiratory distress syndrome, adult/

20. ((acute adj lung adj injur:) or (shock adj lung) or ards).tw.

21. ((acute or adult) and (respiratory adj distress)).tw.

22. or/19-21

23. 18 and 22
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W H A T ’ S N E W

Date Event Description

13 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care

H I S T O R Y

Protocol first published: Issue 4, 2003

Review first published: Issue 4, 2004

Date Event Description

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

Neill Adhikari proposed and registered the title and designed the protocol. He conducted the search, retrieved relevant articles, assessed

methodologic quality of retrieved articles, and abstracted data as the primary reviewer. He analysed the data and prepared the final

review.

Karen Burns conducted the search, assessed methodologic quality of retrieved articles, and abstracted data as the second reviewer. She

revised the final review for important intellectual content.

Maureen Meade supervised the review and resolved disagreements about article inclusion, data extraction, and methodologic quality.

She revised the final review for important intellectual content.

D E C L A R A T I O N S O F I N T E R E S T

None known

S O U R C E S O F S U P P O R T
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Internal sources

• McMaster University, Canada.

External sources

• Dr Burns is the recipient of a Canadian Lung Association/Merck Frosst Postdoctoral Fellowship, Canada.

• Dr Meade is a Peter Lougheed Scholar of the Canadian Institutes of Health Research, Canada.

N O T E S

The following minor errors and omissions have been corrected in issue 1, 2005:

1) In Spragg 2002b (in the ’Table of Comparisons’, under ’Surfactant’), the treatment and control numbers of patients randomized

were reversed. The review previously read surfactant: ’108’ and control: ’117’. This has been corrected to read: surfactant ’117’ and

control ’108’.

2) In Methodological quality of included studies/Baseline characteristics, the review previously stated ’Of the remaining 30 studies,

nine had at least one clinically important imbalance at baseline.’ This has been corrected to read ’Of the remaining 29 studies, ten had

at least one clinically important imbalance at baseline.’ Weigelt 1985 has now been properly cited.

3) In Methodological quality of included studies/Cointerventions, the review previously stated ’Eleven studies standardized at least one

cointervention or documented its application in the treatment and control groups.’ This has been corrected to read ’Twelve studies

standardized at least one cointervention or documented its application in the treatment and control groups,’ and Weigelt 1985 has

now been appropriately cited.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Acetylcysteine [therapeutic use]; Adrenal Cortex Hormones [therapeutic use]; Alprostadil [therapeutic use]; Pulmonary Surfactants

[therapeutic use]; Randomized Controlled Trials as Topic; Respiratory Distress Syndrome, Adult [∗drug therapy]

MeSH check words

Humans
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