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eTable 1. Outcome Descriptions for Individual-Patient Data Meta-analysis 

Primary Outcome: Description: 
Death in hospital  Number of patients who died before hospital discharge up to day 60; all trials followed 

patients up to 60 days for hospital mortality. Beyond 60 days differential follow-up in 
trials (ExPress: no follow-up; LOVS & ALVEOLI: follow-up of majority of patients 
until death or hospital discharge).  

Secondary Outcomes:  
Time to death in hospital Days from randomization until death in hospital up to day 60. 
Death on intensive care Number of patients who died before being discharged from the intensive care unit for the 

first time up to day 60. This outcome should capture mortality differences during the 
acute phase of acute lung injury/ARDS. 

Pneumothorax  Radiographic evidence of a new pneumothorax with need for chest tube drainage 
between day 1 and day 28; largest common denominator among trials, since ExPress did 
not document (1) any other evidence for barotrauma (e.g. pneumoperitoneum or 
subcutaneous emphysema), (2) any evidence of barotrauma beyond day 28. This 
measure should capture potential adverse events of higher PEEP strategy. 

Death following 
pneumothorax 

Number of hospital deaths following diagnosis of pneumothorax with need for chest 
tube drainage between day 1 and day 28. This measure should capture potential adverse 
events of higher PEEP strategy with fatal consequences. 

Days with unassisted 
breathing between day 1 
and day 28 

Number of days of unassisted breathing after randomization, assuming a patient survived 
and remained free of assisted breathing for at least 2 consecutive calendar days after 
initiation of unassisted breathing; if date of initiation of unassisted breathing was 
unavailable, we used date of extubation. Extubation had to be successful for at least 24 
hours. All trials followed patients for unassisted breathing/extubation up to 28 days.  

Time to unassisted 
breathing 

Days from randomization until unassisted breathing up to day 28, assuming a patient 
survived and remained free of assisted breathing for at least 2 consecutive calendar days 
after initiation of unassisted breathing. Patients who died before day 28 were censored at 
time of death. If date of initiation of unassisted breathing was unavailable, we used date 
of extubation. Extubation had to be successful for at least 24 hours. This outcome was 
intended to measure the effects on breathing separately from effects on mortality. 

Use of rescue therapy Patient received rescue therapy in response to refractory hypoxemia during first 28 days 
after randomization as defined in individual trials (ExPress: prone ventilation, inhaled 
nitric oxide, or almitrine bismesylate; LOVS: prone ventilation, inhaled nitric oxide, 
high-frequency oscillation, high-frequency jet ventilation, extracorporeal membrane 
oxygenation, surfactant therapy, or partial liquid ventilation; ALVEOLI: prone 
ventilation, inhaled nitric oxide, high-frequency oscillation, high-frequency jet 
ventilation, extracorporeal membrane oxygenation, surfactant therapy, partial liquid 
ventilation, inhaled or intravenous PGI or PGE). This outcome was intended as a proxy 
measure of patients suffering from refractory hypoxemia. LOVS was the only trial 
stating explicit criteria for eligible rescue therapy. 

Death following initiation of 
rescue therapy 

Number of hospital deaths following initiation of rescue therapy. This measure was 
intended as a proxy measure of deaths that were likely associated with refractory 
hypoxemia. 
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eTable 2. Trial Characteristics of the Esophageal Pressure Directed Ventilation (EPVent) Study 
 EPVent 2008 
Inclusion criteria Diagnosis of acute lung injury * with PaO2/FIO2 ≤ 300  
Exclusion criteria Recent injury or other pathologic condition of the esophagus, major 

bronchopleural fistula, and solid organ transplantation. 
Recruitment period May 2004 – August 2007 
Recruiting Hospitals, countries  1, United States 
Patients randomized  30 versus 31 
Validity: Concealed allocation / 
Follow-up for primary outcome / 
Blinded outcome assessors / Blinded 
data analysts / Stopped early 

Yes / 100% / No / Yes / Stopped for benefit 

Intervention Esophageal pressure to estimate transpulmonary pressure during end-expiratory 
occlusion (PLexp); set PEEP to achieve PLexp 0-10 cmH2O according to FiO2 
sliding scale for 72 hours, then ventilation management at discretion of treating 
physician. 

Control Conventional PEEP according to FiO2 chart (same as control group in 
ALVEOLI) for 72 hours, then ventilation management at discretion of treating 
physician.  

Ventilator procedures  Target tidal volumes of 6 ml/kg of predicted body weight; respiratory rate ≤ 35 
breaths/min, adjusted to achieve arterial pH 7.30-7.45; ventilator mode: pressure 
or volume control ventilation; oxygenation goals: PaO2 55-120 mmHg and 
SPO2 88-98%; recruitment maneuvers permitted if needed to reverse 
desaturation that occurs after suctioning inadvertent circuit disconnects; no 
weaning trials attempted during first 72 hours of study unless PaO2/FiO2 ≥ 300 
with PEEP ≤ 8 and pH ≥ 7.35, then standardized weaning procedure.  

Abbreviations: ALVEOLI, Assessment of Low tidal Volume and Elevated end-expiratory pressure to Obviate Lung 
Injury; PaO2, partial pressure of arterial oxygen; FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory 
pressure; SPO2, oxygen saturation as measured by pulse oximetry. 
* According to the American-European Consensus Conference (Bernard GR, et al. The American-European Consensus 
Conference on ARDS. Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J Respir Crit 
Care Med. 1994;149:818-24). 
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eTable 3. Baseline Characteristics of Patients Included in the EPVent Trial 
Characteristic Esophageal-Pressure-Guided 

Group With Anticipated 
Higher PEEP (n = 30) 

Conventional Treatment Group 
With Anticipated Lower PEEP 

(n = 31) 
Age, mean (SD), y 55 (16) 52 (23) 
Female sex, No. (%) 11 (37) 14 (45) 
Body mass index, mean (SD), kg/m2 31.6 (10.3) 29.6 (8.1) 
Days with intensive care prior to 
randomization, median (Q1-Q3), d; Missing 
values 

1.5 (1-3) 1 (1-2) 

Days intubated prior to randomization, median 
(Q1-Q3), d 

1 (1-3) 1 (1-2) 

APACHE II score, mean (SD) 26.3 (6.4) 26.8 (6.5) 
No. of organ failures in addition to respiratory 
failure, median (Q1-Q3) 

2 (1-3) 1 (1-3) 

Respiratory measures, mean (SD)   
    PaO2/FIO2, mmHg  148 (57) 145 (57) 
    PaO2/FIO2 ≤ 200 mmHg, No. (%) 25 (83) 24 (77) 
    Oxygenation index, median (Q1-Q3) * 14.4 (9.5-18) 14.5 (10.6-20.4) 
    Set PEEP, cmH2O 12.5 (4.7) 13.1 (3.4) 
    Plateau pressure, cmH2O 28.9 (6.6) 29.3 (5.1) 
    Respiratory rate, breaths/min 25.8 (5.9) 24.2 (6.2) 
    Minute ventilation, L/min 12.4 (3.6) 11.6 (2.8) 
    Tidal volume, mL/kg of predicted body 
weight 

7.3 (1.3) 7.9 (1.5) 

    Estimated respiratory system compliance, 
mL/cmH2O † 

31.6 (9.9) 31.8 (9.4) 

Cause of lung injury, No. (%)    
    Pneumonia 5 (17) 4 (13) 
    Aspiration 1 (3.3) 1 (3.2) 
    Severe sepsis (including septic shock) 4 (13) 11 (35) 
    Acute pancreatitis 4 (13) 0 
    Multiple trauma 5 (17) 8 (26) 
    Other  11 (37) 7 (23) 
Abbreviations: SD, standard deviation; Q1-Q3, 1st quartile to 3rd quartile; PEEP, positive end-expiratory pressure; NA, 
not available 
* Oxygenation index was calculated as mean airway pressure x 100 / (PaO2/FIO2). 
† Respiratory-system compliance was estimated by tidal volume / (inspiratory plateau pressure – PEEP).  
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eTable 4. Clinical Outcomes With and Without the EPVent Trial 
 Pooled Data From 

ALVEOLI, LOVS, and 
ExPress Only 

Pooled Data From 
ALVEOLI, LOVS, ExPress, 

and EPVent 
Outcomes Adjusted Relative Risk/Coefficient (95% CI) * 
Death in hospital  RR, 0.94 (0.86 to 1.04) RR, 0.92 (0.83 to 1.02) 
Death in intensive care unit RR, 0.87 (0.78 to 0.97) RR, 0.85 (0.76 to 0.96) 
Pneumothorax between day 1 and day 28  RR, 1.19 (0.89 to 1.60) RR, 1.19 (0.91 to 1.56) 
Death following pneumothorax  RR, 1.11 (0.73 to 1.69) RR, 1.10 (0.76 to 1.61) 
Days with unassisted breathing between day 1 and day 
28  

Coeff, 0.64 (-0.12 to 1.39) Coeff, 0.75 (-0.03 to 1.52) 

Total use of rescue therapies  RR, 0.64 (0.54 to 0.75) RR, 0.63 (0.54 to 0.74) 
Death after initiation of rescue therapy  RR, 0.65 (0.52 to 0.80) RR, 0.65 (0.52 to 0.80) 
Abbreviations: ALVEOLI, Assessment of Low tidal Volume and Elevated end-expiratory pressure to Obviate Lung 
Injury trial; LOVS, Lung Open Ventilation Study; ExPress, Expiratory Pressure study; RR, relative risk; coeff, linear 
regression coefficient; CI, confidence interval 
Interaction effects through presence of ARDS at baseline on hospital mortality: Additionally including the EPVent 
trial by Talmor et al. confirmed the statistically significant interaction between diagnosis of ARDS at baseline and 
PEEP group (P = 0.03); i.e. patients with ARDS may benefit from higher PEEP while patients with acute lung injury 
but without ARDS may not or even do worse. Stratified analyses suggest adjusted relative risks for hospital mortality of 
0.88 (33.9% vs 39.0%; 95% CI, 0.79 to 0.98, P = 0.018; without EPVent: 0.90, 34.1% vs 39.1%; 95% CI, 0.81 to 1.00, 
P = 0.049) for patients with ARDS and 1.29 (26.5% vs 19.4%; 95% CI, 0.91 to 1.83, P = 0.141; without EPVent: 1.37 
(27.2% vs 19.4%; 95% CI, 0.98 to 1.92, P = 0.065) for patients without ARDS. Stratified time-to-event analyses 
revealed adjusted hazard ratios for hospital mortality of 0.83 (95% CI, 0.71 to 0.96, P = 0.01; without EPVent: 0.85, 
95% CI, 0.73-0.99, P = 0.03) for patients with ARDS and 1.26 (95% CI, 0.84 to 1.88, P = 0.27; without EPVent: 1.32, 
95% CI, 0.87 to 2.00, P = 0.20) for patients without ARDS. 
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eFigure 1. Risk Ratios and Risks for Hospital Mortality by Quintiles of PaO2/FiO2 Ratio (PF-Ratio) 

 

Limits defining quintiles of PaO2/FiO2 ratio: Quintile 1: 30.0 to 95.0 mmHg; Quintile 2: >95.0 to 126.7 mmHg; Quintile 
3: >126.7 to 156.2 mmHg; Quintile 4: >156.2 to 194 mmHg; Quintile 5: >194.0 mmHg. 
Abbreviations: PF-ratio, PaO2/FiO2 ratio (FiO2, fraction of inspired oxygen; PaO2, partial pressure of arterial oxygen). 
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Limits defining quintiles of PaO2/FiO2 ratio: Quintile 1: 30.0 to 95.0 mmHg; Quintile 2: >95.0 to 126.7 mmHg; Quintile 
3: >126.7 to 156.2 mmHg; Quintile 4: >156.2 to 194 mmHg; Quintile 5: >194.0 mmHg. 
Abbreviations: PF-ratio, PaO2/FiO2 ratio (FiO2, fraction of inspired oxygen; PaO2, partial pressure of arterial oxygen). 
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eFigure 2. Risk Ratios and Risks for Hospital Mortality by Quintiles of Oxygenation Index 

 

Limits defining quintiles of Oxygenation Index: Quintile 1: 0.87 to 7.36; Quintile 2: >7.36 to 9.79; Quintile 3: >9.79 to 
13.02; Quintile 4: >13.02 to 18.62; Quintile 5: >18.64. 
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Limits defining quintiles of Oxygenation Index: Quintile 1: 0.87 to 7.36; Quintile 2: >7.36 to 9.79; Quintile 3: >9.79 to 

13.02; Quintile 4: >13.02 to 18.62; Quintile 5: >18.64. 
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eAppendix. Details of Higher PEEP Strategies 

1) In the higher PEEP groups in ALVEOLI and LOVS PEEP levels and FiO2 were titrated according to a FiO2/PEEP 

chart similar to the following: 

FiO2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

PEEP, cmH2O 8-12 12-18 18-20 20 20 20-22 22 22-24 

Levels of PEEP in this scale represent levels set on the ventilator, rather than total PEEP.  Study clinicians always 

stayed as far to the left of this chart as possible, thereby using the lowest combination of FiO2 and PEEP possible while 

maintaining oxygenation within the target range. The target levels of oxygenation for study patients included: 88% < 

SpO2 < 95%, 55 mmHg < PaO2 < 80 mmHg. 

 Titration of FiO2 and PEEP levels could be guided by pulse oximetry (SpO2).  When both SpO2 and PaO2 

measures were available and discordant, PaO2 was used.  

Ventilation strategies included a protocol for reducing PEEP levels when plateau pressure exceeded 30-35 

cmH2O or when mean arterial pressure decreased to less than 60 mmHg. 

 

2) In the higher PEEP group in ExPRESS PEEP levels were set to maintain the plateau airway pressure between 28 cm 

H2O and 30 cm H2O, as measured during 0.2- to 0.5-second end-inspiratory occlusions. When the plateau pressure was 

less than 28 cm H2O despite a PEEP level producing a total PEEP of 20 cm H2O, PEEP was not increased further. 

When oxygenation targets (see below) were not met despite an FiO2 of 1 and a PEEP level producing a plateau pressure 

of 30 cm H2O, PEEP was increased, provided the plateau pressure remained no greater than 32 cm H2O. 

FiO2 (0.21 to 1) was set to achieve the following oxygenation targets: 

- 88% ≤ SpO2 ≤95% 

- 55 mm Hg ≤ PaO2 ≤80 mm Hg 

When PaO2 measurements were available, they took priority over SpO2. 
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eTable 5. GRADE Evidence Profile for Hospital Mortality 
 Patients with ARDS Patients without ARDS 
No. of patients * 1892 404 
No. of studies 3 3 
Quality Assessment   
   Risk of bias Inability to blind care-givers 
   Inconsistency A priori specified subgroup effect consistent across trials; interaction P = 0.02 
   Indirectness Direct measurement of patient-important outcome in a representative 

population 
   Imprecision Borderline precise; precision 

improved in sensitivity analysis † 
Imprecise 

   Publication bias Undetected 
Summary of Findings   
   Quality High but borderline precision Moderate due to imprecision 
   Adjusted Relative Risk (95% CI); 
P-value ‡ 

0.90 (0.81 to 1.00);  
P = 0.049 † 

1.37 (0.98 to 1.92);  
P = 0.065 † 

   Illustrative Risks   
   - Example control rate 40% 
   - Associated risk with higher PEEP 36.0% (32.4 to 40.0%) 

Not significant 

Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; CI, confidence 
interval; ARDS, acute respiratory distress syndrome; PEEP, positive end-expiratory pressure 
* Baseline PaO2/FiO2 was missing for 3 patients. 
† Sensitivity analysis additionally including the Esophageal Pressure directed Ventilation (EPVent) trial (n = 61) 
revealed adjusted relative risks for hospital mortality of 0.88 (95% CI, 0.79 to 0.98, P=0.018) for patients with ARDS 
(n=1941) and 1.29 (95% CI, 0.91 to 1.83, P = 0.14) for patients without ARDS (n=416).  
‡ Multivariable regression with hospital mortality as dependent variable; PEEP group, age, probability of dying in 
hospital from prognostic scores at baseline, severe sepsis at baseline, and trial as independent variables; and hospital as 
a random effect. 


