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Chapter 9 

 

Lung-protective ventilation with low tidal volumes and the occurrence of pulmonary 

complications in patients without acute respiratory distress syndrome: a systematic 

review and individual patient data analysis 

 

Serpa Neto A, Simonis FD, Barbas CS, Biehl M, Determann RM, Elmer J, Friedman G, Gajic 

O, Goldstein JN, Linko R, Pinheiro de Oliveira R, Sundar S, Talmor D, Wolthuis EK, Gama 
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Abstract 

Objective: Protective mechanical ventilation with low tidal volumes is standard of care for 

patients with acute respiratory distress syndrome. The aim of this individual patient data 

analysis was to determine the association between tidal volume and the occurrence of 

pulmonary complications in ICU patients without acute respiratory distress syndrome and the 

association between occurrence of pulmonary complications and outcome in these patients. 

Design: Individual patient data analysis. 

Patients: ICU patients not fulfilling the consensus criteria for acute respiratory distress 

syndrome at the onset of ventilation. 

Interventions: Mechanical ventilation with low tidal volume. 

Measurements and Main Results: The primary endpoint was development of a composite of 

acute respiratory distress syndrome and pneumonia during hospital stay. Based on the 

tertiles of tidal volume size in the first 2 days of ventilation, patients were assigned to a “low 

tidal volume group” (tidal volumes ≤ 7 mL/kg predicted body weight), an “intermediate tidal 

volume group” (> 7 and < 10 mL/kg predicted body weight), and a “high tidal volume group” 

(≥ 10 mL/kg predicted body weight). Seven investigations (2,184 patients) were included. 

Acute respiratory distress syndrome or pneumonia occurred in 23% of patients in the low 

tidal volume group, in 28% of patients in the intermediate tidal volume group, and in 31% of 

the patients in the high tidal volume group (adjusted odds ratio [low vs high tidal volume 

group], 0.72; 95% CI, 0.52–0.98; p = 0.042). Occurrence of pulmonary complications was 

associated with a lower number of ICU-free and hospital-free days and alive at day 28 (10.0 

± 10.9 vs 13.8 ± 11.6 d; p < 0.01 and 6.1 ± 8.1 vs 8.9 ± 9.4 d; p < 0.01) and an increased 

hospital mortality (49.5% vs 35.6%; p < 0.01). 

Conclusions: Ventilation with low tidal volumes is associated with a lower risk of development 

of pulmonary complications in patients without acute respiratory distress syndrome. 
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Introduction 

A large randomized controlled trial (RCT) showed that use of low tidal volumes improves 

survival in ICU patients with acute respiratory distress syndrome (ARDS).1 Since then, low 

tidal volume ventilation has become standard of care in patients with this life-threatening 

complication.2 In a subsequent RCT, low tidal volume ventilation was associated with a lower 

incidence of development of ARDS in ICU patients.3 However, that trial was rather small and 

stopped prematurely, possibly leading to an overestimation of the beneficial effects of use of 

low tidal volumes.4 Consequently, ICU clinicians remain uncertain on whether low tidal 

volumes should be used in all ICU patients, that is, irrespective of the presence of ARDS.5,6 

Given the current lack of well-powered RCTs comparing the use of low versus 

conventionally sized tidal volumes in ICU patients without ARDS, we recently performed an 

individual patient data analysis of all available observational studies and RCTs.7 This 

analysis suggests benefit of a low tidal volume ventilation strategy, as use of low tidal 

volumes was associated with a shorter duration of ventilation. We did not evaluate whether 

the use of low tidal volumes is associated with the occurrence of pulmonary complications, 

and if so, how this could affect outcome. 

In the present individual patient data analysis, we investigated 1) the association 

between tidal volume size and occurrence of pulmonary complications in ICU patients 

without ARDS, 2) the association between occurrence of pulmonary complications and 

duration of stay in ICU and hospital, and 3) crude and attributable mortality of pulmonary 

complications. We hypothesized that the occurrence of pulmonary complications depends on 

tidal volume size in ICU patients without ARDS at the onset of ventilation. 

 

Methods 

Search Strategy 

A sensitive search strategy followed Medical Subject Headings and Keywords (protective 

ventilation OR lower tidal volume OR low tidal volume OR positive end-expiratory pressure 

OR positive end expiratory pressure OR PEEP). 
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Selection of Studies 

Articles reporting on observational studies or RCTs of “protective ventilation” in ICU patients 

identified by the search and reporting outcomes of interest were screened for inclusion. Key 

inclusion criteria were as follows: 1) clear reporting of the size of tidal volume, at least in the 

first days of ventilation; 2) adult (i.e., age > 18 yr) patients ventilated in the ICU; and 3) 

without ARDS at the onset of ventilation (PaO2/FiO2 > 300 or without infiltrates on the chest 

radiograph). Studies or trials were excluded from the analysis if they: 1) reported on patients 

receiving only ventilation during general anesthesia for surgery or (2) included patients who 

had ARDS at the start of ventilation. The quality of the RCTs was based on the Jadad score 

and the following four criteria: allocation concealment, baseline similarity, early stopping, lost 

to follow-up, and intention-to-treat analysis. The quality of the non-RCTs was based on the 

“Downs and Black” checklist.8 

Ventilator Variables 

The corresponding authors of retrieved articles were contacted. After approval, they were 

asked to provide the daily ventilation variables of individual patients via a specially prepared 

datasheet (an example is shown in the Supplementary Appendix). 

Primary Outcome 

The primary outcome was a composite of occurrence of ARDS or pneumonia, the two most 

important pulmonary complications in intubated and ventilated critically ill patients.9 ARDS or 

pneumonia during follow-up was diagnosed by the diagnostic criteria used by the 

investigators of the included studies and trials. We combined pneumonia and ARDS into a 

single primary endpoint because in the absence of specific diagnostic tools, for example, 

bronchoalveolar lavage fluid testing, ARDS can be mistakenly diagnosed as pneumonia.9-12 

Furthermore, both entities may be influenced by mechanical ventilation.13 

Secondary Outcomes 

Secondary outcomes included: 1) duration of stay in ICU and hospital, using the number of 

ICU-free days and alive and hospital-free days and alive at day 28; 2) in-hospital mortality, 

defined as death at any time during hospital stay; 3) incidence rate of pulmonary 
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complications, calculated as number of cases person-years = ([number of cases/person-day] 

× [365 person-day/1 person-year]); and 4) attributable mortality of pulmonary complications, 

calculated by subtracting the in-hospital mortality rate of patients without pulmonary 

complications from the in-hospital mortality of patients with pulmonary complications. 

Statistical Analysis 

In all analyses, patients were analyzed according to the tidal volume size that was used in 

the first 2 days of ventilation. Patients were followed until hospital discharge, or death, 

whichever came first. 

The cutoff of 2 days was chosen because of two reasons. First, on average, in the 

cohort of patients under study, ARDS was diagnosed on the third day of ventilation. Second, 

patients who developed ARDS could be expected to have received ventilation with low tidal 

volumes from the moment ARDS was present. 

Patients were stratified into three groups: a “low tidal volume group,” with tidal 

volumes less than or equal to 7 mL/kg predicted body weight (PBW); an “intermediate tidal 

volume group,” with tidal volumes greater than 7 and less than 10 mL/kg PBW; and a “higher 

tidal volume group,” with tidal volumes greater than or equal to 10 mL/kg PBW. The cutoffs 

for tidal volume groups were chosen based on the tertiles of tidal volume sizes in the 

complete cohort, alike a previous observational study on ventilation practice in patients 

without ARDS.14 The investigators of studies included in the analysis provided us with a tidal 

volume per day for the first 2 days of all patients—these were averaged per patients and 

reported as medians per group. In all studies, PBW was calculated as in the landmark study 

of lower tidal volume ventilation in patients with ARDS (eTable 1).1 Patients who received 

ventilation with tidal volumes in two different groups of tidal volume size in the first 2 days of 

ventilation (e.g., < 7 mL/kg PBW in day 1 and > 7 mL/kg PBW in day 2) were excluded from 

the analysis. 

For the primary endpoint, development of ARDS or pneumonia, we calculated odds 

ratios (ORs) and 95% CIs using logistic regression. We used a multivariable hierarchical 

model with baseline patient characteristics (age, risk of death based on score [e.g., Acute 



246 

 

Serpa Neto A, et al. Crit Care Med 2015; 43:2155-63 

Physiology and Chronic Health Evaluation (APACHE) II, APACHE III, and others], baseline 

PaO2/FiO2, and baseline pH) as important prognostic factors according to previous studies.13 

Also, to compare in-hospital time to death for the groups, we fitted Cox regression models 

with the same covariables resulting in hazard ratios (HRs). 

The number of ICU-free days and alive at day 28 was calculated as the number of 

days alive and outside ICU at day 28. The number of hospital-free days and alive at day 28 

was calculated as the number of days alive and outside the hospital at day 28. Kaplan-Meier 

curves were constructed and log-rank tests were used to determine the univariate 

significance of the study variables. 

A priori subgroup analyses were used to assess the effect of tidal volume size on 

primary outcome in the following prespecified subgroups: 1) type of study (RCT vs non-

RCT); 2) mode of ventilation (volume vs pressure controlled); 3) age (< 65 vs ≥ 65 yr); 4) 

gender (male vs female); 5) baseline PaO2/FiO2 (≥ 300, between 200 and 300, < 200); 6) 

respiratory rate (≤ 15 bpm vs between 15 and 20 bpm vs ≥ 20 bpm); and 7) minute 

ventilation (≤ 8 L/min vs between 8 and 10 L/min vs ≥ 10 L/min). Finally, the patients were 

also stratified post hoc according to the diagnosis at ICU admission: 1) trauma or 

postoperative; 2) neurologic (traumatic brain injury, stroke, and status epilepticus); and 3) 

others (cardiac arrest, sepsis, and other causes). 

A probability and unit (PROBIT) regression analysis was used to characterize the 

dose-response relationship between median tidal volume in mL/kg PBW during the first 2 

days of ventilation and probability of pulmonary complications while adjusting for the same 

set of covariates used in the final regression model. A cubic or quadratic term was used in 

the final model according to the use of a fractional polynomial method. 

All analyses were conducted with SPSS v.20 (IBM, Armonk, NY) and R v.2.12.0 (R 

Foundation for Statistical Computing, Vienna, Austria). For all analyses, two-sided p values 

less than 0.05 were considered significant. The project was approved by the Ethics 

Committee of the Hospital Israelita Albert Einstein. 
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Results 

Search Results and Collection of Individual Patient Data 

The search identified four observational studies and four RCTs.3,15-21 We were not able to 

collect data from one RCT because the corresponding author could not be contacted.21 The 

authors of the three other RCTs provided sufficient data for calculation of clinical 

outcomes.3,18,19 One RCT was conducted in patients undergoing elective cardiac surgery, 

from which we included only the data of patients ventilated in the ICU after surgery for at 

least 2 days.19 Regarding the available data in each study, only four studies could be 

included in the analysis of the primary outcome;15-17,20 all studies were included in the 

analysis of secondary outcomes, including ICU and hospital length of stay and overall 

survival. The concordance between size of tidal volumes used during surgery 

(randomization, 6 vs 10) and the allocation of the patients in the groups of this particular 

study was high (96.3%), probably diminishing the chance of contamination of the tidal 

volume size used during surgery. 

We excluded 64 patients because the tidal volume used in the first and in the second 

day differed importantly. Eventually, the total enrollment based on the RCTs and 

observational studies was 2,184 patients (eFigure 1 and eTables 1 and 2). Distribution of 

tidal volumes is shown in eFigure 2. Four studies diagnosed ARDS using the American-

European Consensus Conference criteria for ARDS,3,15-17 one using the Berlin definition for 

ARDS;20 in two studies, ARDS was not scored.18,19 For pneumonia, three studies used a 

criteria combining chest radiograph readings,3,17,20 clinical signs, and airway sample cultures; 

in four studies, pneumonia was not scored.15,16,18,19 The quality of the RCTs is shown in 

eTable 1 and the non-RCTs eTable 3. 

Patient Characteristics and Ventilator Settings 

Table 1 details the distribution of demographic characteristics in the three predefined tidal 

volume groups. The only difference is a higher PBW in low tidal volume group. eTable 4 

details the distribution of ventilation variables. In the low tidal volume group, respiratory rate 

was higher and plateau and peak pressure and minute ventilation were lower when 
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compared with the intermediate and high tidal volume groups. PaCO2, PaO2/FiO2, and 

arterial pH levels were similar in the three tidal volume size groups. 

Primary Outcome 

Pulmonary complications occurred in 166 patients (23%) in the low tidal volume group when 

compared with 211 patients (28%) in the intermediate tidal volume group and 220 patients 

(31%) in the high tidal volume group (adjusted OR [low tidal volume group vs high tidal 

volume group], 0.72; 95% CI, 0.52–0.98; p = 0.042; adjusted OR [intermediate tidal volume 

group vs high tidal volume group], 0.93; 95% CI, 0.69–1.24; p = 0.635; R2, 0.034; Hosmer 

and Lemeshow p, 0.027) (Table 2 and Figure 1). Dose-response relationship curve between 

median tidal volume used during the first 2 days of ventilation and probability of pulmonary 

complications are shown in Figure 2. The R2 for mean quadratic term for tidal volume was 

0.880. 

There was no significant interaction for the effects of tidal volume size on the primary 

outcome according to prespecified subgroup analyses (Figure 3). 

Secondary Outcomes 

Development of pulmonary complications was associated with a lower number of ICU-free 

days and alive at day 28 (10.0 ± 10.9 vs 13.8 ± 11.6 d; p < 0.01), a lower number of hospital-

free days and alive at day 28 (6.1 ± 8.1 vs 8.9 ± 9.4 d; p < 0.01), and an increased in-hospital 

mortality (49.5 vs 35.6%; p < 0.01) (Table 3 and Figure 4). 

In-hospital death occurred in 245 patients (34%) in the low tidal volume group when 

compared with 279 patients (37%) and 270 patients (38%) in the intermediate and high tidal 

volume groups (adjusted OR [low tidal volume group vs ≥ high tidal volume group], 0.82; 

95% CI, 0.65–1.02; p = 0.081; adjusted OR [intermediate tidal volume group vs ≥ high tidal 

volume group], 0.90; 95% CI, 0.73–1.10; p = 0.319) (Table 2 and Figure 1). The results of 

the Cox regression were similar to those found by the logistic regression analysis (adjusted 

HR [low tidal volume group vs ≥ high tidal volume group], 0.81; 95% CI, 0.65–1.02; p = 

0.073; adjusted OR [intermediate tidal volume group vs ≥ high tidal volume group], 0.92; 95% 

CI, 0.75–1.13; p = 0.411). 
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The incidence of pulmonary complications in the whole cohort was 29.1% (crude 

incidence 10.5 cases per person-year). The individual and pooled pulmonary complications 

incidence rates are shown in eFigure 3. 

The estimated mortality attributable to pulmonary complications was 13.9% (95% CI, 

9.1–18.7). The attributable mortality of pulmonary complications in patients in the low tidal 

volume group (16.2% [95% CI, 7.4–25.0]) was similar to those in the intermediate tidal 

volume group (14.2% [95% CI, 6.1–22.2]) and the high tidal volume group (14.2% [95% CI, 

6.1–22.2]). 

Stratified Analyses According to Diagnosis 

Baseline characteristics of patients according to initial diagnosis are shown in eTable 5. 

There is an association between tidal volume size and development of ARDS only in patients 

with initial diagnosis of sepsis, cardiac arrest, and others. All the analyses were 

underpowered, though, due to the low number of patients and events (eTable 6). 

 

Discussion 

This individual patient analysis of 2,184 ventilated ICU patients without ARDS at the onset of 

ventilation from seven clinical investigations found strong evidence for a protective effect of 

ventilation with low tidal volumes on development of two of the most important pulmonary 

complications, namely ARDS and pneumonia. The analysis suggests a dose-response 

relationship between tidal volume size and development of pulmonary complications. 

Development of pulmonary complications was associated with a lower number of ICU-free 

and hospital-free days and alive at day 28 and an increased mortality. 

The major strengths of the present analysis are the large sample size, the statistical 

analyses performed, and the inclusion of several patients from diverse study types from 

different parts of the world. Also, it differs from previous analyses6,7,22 in several aspects. 

First, we restricted the present analysis to investigations on the association between tidal 

volume size in ICU patients and we used an individual patient data approach. Second, we 

analyzed different outcomes (i.e., ARDS and pneumonia) when compared with a previous 
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analysis that focused on the sedation needs and duration of ventilation.7 Third, we combined 

pneumonia and ARDS as primary outcome for reasons explained in methods. Finally, we 

estimated the mortality attributable to pulmonary complications and its relationship with tidal 

volume used during the first days of mechanical ventilation. The finding that prevention of 

pulmonary complications with the use of lower tidal volumes could improve clinical outcomes 

adds to our understanding of the potential benefits of lung-protective ventilation in patients 

without ARDS. 

In the current analysis, patients were stratified according to the size of tidal volume 

used in the first 2 days of ventilation. This approach was chosen because the majority of 

patients were from observational studies. Thereby, we reduced the risk of including patients 

ventilated with low tidal volume in the first day, who were subsequently ventilated with high 

tidal volume and vice versa. Of interest, the PBW was higher in the group ventilated with tidal 

volumes less than or equal to 7 mL/ kg PBW, but there was no significant interaction for the 

effects of tidal volume size on primary outcome according to gender.  

The current findings are, at least in part, in line with previous investigations of lung-

protective ventilation in ICU patients without ARDS.3,6,7,21 Our findings are also in line with the 

results of investigations showing a strong association between the size of tidal volume used 

during intraoperative ventilation and the occurrence of postoperative pulmonary 

complications, including postoperative ARDS, in surgical patients.6,23,24 Since ICU patients 

are frequently at higher risk of ARDS than patients receiving relative short lasting ventilation 

for general anesthesia for surgery, it may not be surprising to see a larger beneficial impact 

of ventilation with low tidal volume in ICU patients.7 

Notably, the median peak and plateau pressures in all three groups were well below 

those for which tidal volumes were adjusted in the pivotal ARDS Network trial that showed 

benefit of low tidal volumes in patients with ARDS.1 Using the threshold of 30 cm H2O in that 

trial, possibly none of the tidal volumes in the patients in the present analysis would have 

been adjusted. However, it is questionable if we should use the same threshold in patients 

without ARDS; recently, it was suggested to use a threshold of as low as 20 cm H2O.11 
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Several explanations for the potential benefit of ventilation with low tidal volumes have been 

suggested. Ventilation with low tidal volume could cause less mechanical stress on the 

alveolar membrane because it prevents alveolar overdistention and improves alveolar 

stability.25 Several studies showed that the use of low tidal volumes reduces the injurious 

effects of ventilation in animals without injured lungs.26 Indeed, in these studies, increasing 

lung injury was found with increasing size of tidal volumes. Although ventilation may have 

seemed less harmful in ICU patients without ARDS compared with ICU patients with ARDS,2 

the present analysis strongly suggests that ventilation with high tidal volumes has a strong 

potential to cause lung injury in these patients. 

The findings of the present analysis support the idea that to be effective, protective 

low tidal volume should be used early in the course of ventilation because deleterious effects 

of ventilation are partly dependent on its duration.26 The level of positive end-expiratory 

pressure (PEEP) used in the present used was low, around 6 cm H2O, and similar in the 

different groups of tidal volumes group. Indeed, it seems that PEEP did not likely affect the 

effects of tidal volume on pulmonary complications. Finally, the peak pressure increases with 

higher tidal volumes, thus, we are not able to differentiate the effects of reduced tidal volume 

from those of reduced peak pressure. 

In theory, use of low tidal volumes could increase the feeling of dyspnea mandating 

more sedation.4,5 Notably, this was neither found in patients with ARDS27,28 nor in patients 

without ARDS.7,15 It is also argued that the use of higher respiratory rates, as a compensation 

for the lower tidal volumes, could cause respiratory muscle fatigue.4,5 If true, these both could 

clearly offset the benefits of ventilation with low tidal volumes, at least in patients without 

ARDS. It is also argued that use of low tidal volumes may not at all be necessary in patients 

without ARDS since they do not have the widespread pulmonary changes including 

atelectasis as observed in patients with ARDS and therefore are not at risk for ventilator-

associated lung injurY.5 Use of lower tidal volume could even induce or promote 

development of more atelectasis, increasing the risk of hypoxemia and hypercapnia.4 A well 

powered RCT comparing ventilation with lower tidal volumes with traditionally sized tidal 
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volumes is essential to solve this uncertainty.29,30 This trial should use relevant clinical 

endpoints, pay attention to safety of use of lower tidal volume, but most of all should 

compare the lower tidal volume strategy to a relevant tidal volume in the control arm. 

Although our analysis shows a clear statistical difference between use of low and high 

tidal volumes with respect to occurrence of pulmonary complication, the differences found 

between low and intermediate tidal volumes did not reach statistical significance. While one 

conclusion could be that there comes no additional benefit from tidal volume reduction below 

intermediate tidal volumes, one could also suggest that the numbers of patients are too low 

to have sufficient statistical power to conclude this. Notably, the PROBIT analysis shows a 

clear dose-response relationship between tidal volume size and pulmonary complications. 

Based on the observed incidence of pulmonary complications in the low and intermediate 

tidal volume groups, 1,189 patients in each arm would be necessary to find difference 

between the two arms with 80% of power and 5% of significance. One concern with the 

intermediate tidal volume group could be that more patients in this group came from 

observational trials when compared with the low and high tidal volume groups; capturing 

outcome data such as ARDS and pneumonia could have been better in RCTs than in 

observational studies. 

This individual patient analysis has several other limitations. First, data from one 

study could not be included.20 However, the results of a previous classical meta-analysis 

including that study are in agreement with those found in the present analysis.6 Thus, the 

assumption can be made that the included studies are reliable representatives of all studies 

of protective ventilation in ICU patients without ARDS. Second, we do not have information 

about some important risk factors that could also contribute to development of pulmonary 

complications, including fluid overload, transfusion of blood products, and other factors 

known to play a role in the development of ARDS.4 Third, since the diagnosis of ARDS and 

pneumonia was based on subjective criteria, misclassification of patients might 

underestimate the observed effect, but this factor should have equally affected the different 

groups. However, there could have been differential misclassification which may vary among 
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the RCTs and observational studies. Furthermore, patients from studies were not equally 

distributed between the three tidal volume groups. Fourth, despite the fact that we include 

only patients without ARDS in our cohort, we found a low PaO2/FiO2 in this group of patients. 

However, it should be emphasized that the diagnosis of ARDS is based on several criteria 

and not only on PaO2/FiO2. Indeed, patients could have low PaO2/FiO2 but no infiltrates in 

the chest radiographs or a pulmonary edema fully explained by cardiogenic problems. Fifth, 

despite the fact that the calculation of PBW was the same in all studies, no study described 

how the height was assessed. Sixth, the results of the PROBIT analysis should be 

interpreted with caution because high tidal volume points exert an effect on the curve much 

greater than the number of patients actually ventilated at these points. Seventh, the Hosmer-

Lemeshow test showed that the model does not fit well the data, thus the result should be 

interpreted with caution. Finally, it is important to keep in mind that 93% patients included in 

this analysis came from observational studies, which may have introduced bias due to a 

more heterogeneous population. 

Notably, all but two studies reported the primary outcome of the present analysis.18,19 

However, these studies reported other data such as hospital length of stay and overall 

survival included in the analysis as secondary outcomes. Therefore, the data of these studies 

were only used in the analyses dealing with these specific endpoints. One important finding 

is the fact that, despite reduced incidence of pulmonary complications in patients ventilated 

with low tidal volume, the overall mortality and length of stay did not differ between the three 

groups of tidal volume. Since 93% of the patients included in this analysis came from 

observational studies, these findings justify the need for more robust trials evaluating the 

impact of low tidal volumes in clinical relevant outcomes, such as mortality and hospital 

length of stay. 

 

Conclusion 

In conclusion, use of high tidal volumes during the first 2 days of ventilation is associated 

with the incidence of pulmonary complications during hospital stay, but not the number of 
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ICU- and hospital-free days and alive at day 28, and in-hospital mortality in ICU patients 

without ARDS. Occurrence of pulmonary complications, regardless of the tidal volume used, 

is associated with a lower number of ICU- and hospital-free days and alive at day 28 and 

increased in-hospital mortality. 
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Table 1 – Baseline Characteristics of Included Patients According to Tidal Volume Receiveda 

Variables 

Less Than or Equal 

to 7 ml/kg PBW 

(n = 720) 

Greater Than 7 and Less 

Than 10 ml/kg PBW 

(n = 754) 

Greater Than or 

Equal to 10 mL/kg PBW 

(n = 710) 

Age, yr 62.1 ± 16.6 63.5 ± 15.7 64.2 ± 16.0 

Gender, female 232 (32.2) 296 (39.2) 253 (35.6)
 

PBW, kg 69.7 ± 9.7 64.8 ± 9.9 60.8 ± 11.8
b 

Design of the study, randomized controlled trial 106 (14.7) 35 (4.6) 84 (11.8)
b
 

Acute Physiology and Chronic Health Evaluation II 21.67 ± 8.6 21.6 ± 8.2 21.3 ± 8.5 

PaO2 / FiO2 272.9 ± 142.9 274.6 ± 124.7 278.6 ± 130.3 

Initial diagnosis 

   Postsurgery 

   Cardiac arrest 

   Traumatic brain injury 

   Sepsis 

   Trauma 

   Stroke or Hemorrhage 

   Other 

 

79 (10.9) 

80 (11.1) 

40 (5.5) 

193 (26.8) 

107 (14.8) 

154 (21.3) 

65 (9.3) 

 

74 (9.8) 

77 (10.2) 

35 (4.6) 

176 (23.3) 

80 (10.6) 

252 (33.4) 

58 (7.9) 

 

65 (9.1) 

78 (10.9) 

32 (4.5) 

194 (27.3) 

68 (9.6) 

198 (27.8) 

74 (10.5) 

Type of ventilation, volume controlled 329 (45.6) 407 (53.9) 348 (49.0) 

PBW: predicted body weight 
a
 Plus-minus values are mean ± sd and other values are n (%). 

b
 p < 0.001. 

Comparisons were made using analysis of variance. 
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Table 2 – Primary and Secondary Outcomes According to Tidal Volume Receiveda 

Variables 

Less Than or 

Equal to 7 mL/ 

kg PBW 

Greater Than 7 

and Less Than 

10 mL/kg PBW 

Greater Than 

or Equal to 

10 mL/kg PBW 

Adjusted OR
 

(Low vs. High) 

(95% CI)
b
 

p 

Adjusted OR
 

(Intermediary vs. High) 

(95% CI)
b 

p 

Pulmonary Complications 166 (23) 211 (28) 220 (31) 0.72 (0.52 – 0.98) 0.042 0.93 (0.69 – 1.24) 0.635 

   Acute Respiratory Distress Syndrome 

   Pneumonia 

86 (12) 

122 (17) 

121 (16) 

158 (21) 

163 (23) 

106 (15) 

0.48 (0.32 – 0.71) 

1.47 (0.89 – 2.21) 

< 0.01 

0.093 

0.73 (0.52 – 1.03) 

1.27 (0.86 – 1.86) 

0.074 

0.223 

In-Hospital Mortality 245 (34) 279 (37) 270 (38) 0.82 (0.65 – 1.02) 0.081 0.90 (0.73 – 1.10) 0.319 

OR: odds ratio 
a
 Data are represented as n (%). 

b
 Adjusted for age, risk of death, baseline Pao2/Fio2, and baseline pH. 
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Table 3 – Incidence of Pulmonary Complications and its Characteristicsa 

Group of Patients 
No. of Patients 

ICU–Free Days and 

Alive at Day 28 p 
Mortality 

p 

Onset of 

PC 

(days) No PC PC Incidence
b
 No PC PC No PC PC 

All patients 1447 (72.8) 594 (29.1) 10.5 13.8 ± 11.6 10.0 ± 10.9 < 0.001 566 (35.6) 294 (49.5) < 0.001 2.6 ± 4.5 

Tidal volume groups: 

   ≤ 7 ml/kg PBW 

   > 7 and < 10 ml/kg PBW 

   ≥ 10 ml/kg PBW 

 

554 (76.8) 

543 (72.6) 

490 (69.5) 

 

166 (23.2) 

211 (27.4) 

220 (30.5) 

 

10.1 

11.3 

16.1 

 

14.6 ± 11.5 

14.4 ± 11.5 

13.5 ± 11.7 

 

9.9 ± 10.9 

10.4 ± 11.2 

10.6 ± 10.8 

 

< 0.001 

< 0.001 

0.009 

 

171 (30.9) 

184 (33.9) 

179 (36.6) 

 

78 (47.1) 

101 (48.1) 

112 (50.8) 

 

< 0.001 

< 0.001 

< 0.001 

 

3.6 ± 6.5 

3.2 ± 4.2 

2.2 ± 3.1 

PC: pulmonary complications; PBW: predicted body weight 
a
 In some cases, the number of patients is not adding up due to missing values. 

b
 Expressed as cases per person-year. 
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Figure Legends 

Figure 1 – Kaplan-Meier estimates of the probability of the primary outcome and overall 

survival 

Figure 2 – Probability and unit logistic regression showing the dose-relationship curve 

between the median tidal volume (mL/kg predicted body weight) used in the first 2 days of 

ventilation and the probability of pulmonary complications during ICU stay 

Figure 3 – Hazard ratios for primary outcome of pulmonary complications according to 

subgroups (adjusted analysis) 

Figure 4 – Data of the Kaplan-Meier estimates of the probability of discharge from the ICU 
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Figure 1 – Kaplan-Meier estimates of the probability of the primary outcome and 

overall survival 

 

Data for the Kaplan-Meier estimates of the probability of the primary outcome of pulmonary complications and overall survival in 

≤ 7 mL/kg predicted body weight (PBW) (black solid line), > 7 and < 10 mL/kg PBW (black knurled line), and ≥ 10 mL/kg PBW 

(black dotted line) were censored at 30 d after inclusion. p = 0.031 by the log-rank test for the between-group difference in the 

probability of the primary outcome and p = 0.052 by the log-rank test for the between-group difference in the probability of 

overall survival 
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Figure 2 – Probability and unit logistic regression showing the dose-relationship curve 

between the median tidal volume (mL/kg predicted body weight) used in the first 2 

days of ventilation and the probability of pulmonary complications during ICU stay 

 

Solid line, mean quadratic term; dashed line, 95% CI 
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Figure 3 – Hazard ratios for primary outcome of pulmonary complications according 

to subgroups (adjusted analysis) 

 

The size of the squares is proportional to the number of patients in the subgroup. PBW = predicted body weight, RCT = 

randomized controlled trial 
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Figure 4 – Data of the Kaplan-Meier estimates of the probability of discharge from the 

ICU 

 

p < 0.001 by the log-rank test) in patients alive and with (black dotted line) or without (black line) pulmonary complications 
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Supplementary Appendix to ‘Lung-protective ventilation with low tidal volumes and the occurrence of pulmonary complications in 

patients without acute respiratory distress syndrome: a systematic review and individual patient data analysis’ 

 

 

PIN AUTHOR DAY GENDER AGE 

RISK 

OF 

DEATH 

DIAGNOSTIC PBW 
VENTILATORY 

MODE 
TV 

TV 

(PBW) 
PEEP PPEAK PPLATO RR P/F PH PACO2 

Patient 1 Determann 1 Male 52 23% Sepsis 61 Pressure 

Control 

364 5.96 5 23 18 21 301 7.42 43.9 

Patient 1 Determann 2 Male 52 23% Sepsis 61 Pressure 

Control 

401 6.57 8 22 20 22 299 7.39 44.0 

Patient 1 Determann 3 Male 52 23% Sepsis 61 Pressure 

Control 

399 6.54 6 22 19 23 303 7.37 44.1 

 

 PIN AUTHOR DAY GENDER AGE RISK 

OF 

DEATH 

DIAGNOSTIC FOLLOW-

UP 

(DAYS) 

DEATH PNEUMONIA ARDS DURATION 

OF MV 

ICU 

LOS 

HOSPITAL 

LOS 

Patient 1 Determann 1 Male 52 23% Sepsis 23 Yes No Yes 20 19 23 
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eTable 1 – Characteristics of the included studies  

Study, year N 
Protective  Conservative  

Design 
Diagnosis of 

ARDS 

Diagnosis of 

Pneumonia 

Calculation of 

PBW 

Jadad 

Score VT N VT N 

Wolthuis, 2007 36 8 23 10 13 OBS AECC criteria Not scored As in ARMA --- 

Yilmaz, 2007
 

375 8 163 11 212 OBS AECC criteria Not scored As in ARMA --- 

Linko, 2009
 

853 8 412 10 441 OBS AECC criteria Diverse criteria
*
 As in ARMA --- 

Determann, 2010
 

150 6 76 10 74 RCT AECC criteria Diverse criteria
*
 As in ARMA 3 

de Oliveira, 2010 20 6 10 12 10 RCT Not scored Not scored As in ARMA 3 

Sundar, 2011 53 6 24 10 29 RCT Not scored Not scored As in ARMA 3 

Elmer, 2013
 

697 8 210 10 487 OBS Berlin definition Diverse criteria
*
 As in ARMA --- 

VT: Tidal volume (ml/kg predicted body weight); RCT: Randomized controlled trial; OBS: Observational; ARDS: acute respiratory distress syndrome; AECC criteria: American-

European Consensus Conference criteria for ARDS;  PBW: predicted body weight, ARMA: the Respiratory Management of Acute Lung Injury and Acute Respiratory Distress 

Syndrome trial, published in 2000 [NEJM 2000; 342:1301] 

*Based on new infiltrates on chest radiographs, clinical signs of infection, and/or positive sputum cultures. 
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eTable 2 – Scientific quality of included studies 

Study, year 
Allocation 

Concealment 
Baseline Similarity 

Early 

Stopping
a
 

Lost to 

Follow-up 

Intention-

to-Treat 

Analysis 

Wolthuis, 2007 Not applicable 

Illness severity: similar (APACHE II) 

Pulmonary injury: modestly favors controls 

(PaO2/FiO2) 

Not 

applicable 

Not 

applicable 

Not 

applicable 

Yilmaz, 2007 Not applicable 

Age: similar 

Illness severity: similar (APACHE III) 

Pulmonary injury: modestly favors treatment 

(PaO2/FiO2) 

Not 

applicable 

Not 

applicable 

Not 

applicable 

Linko, 2009 Not applicable Not applicable 
Not 

applicable 

Not 

applicable 

Not 

applicable 

Determann, 2010 
Sealed 

envelopes 

Age: similar 

Illness severity: similar (APACHE II, SOFA) 

Pulmonary injury: similar (LIS, PaO2/FiO2) 

Yes, Benefit, 

a priori rules 
2 (1.3%) Yes 

de Oliveira, 2010 
Sealed 

envelopes 

Age: similar 

Illness severity: similar (APACHE II) 
No 1 (4.7%) NS 

Sundar, 2011 
Block 

randomization 

Age: similar 

Illness severity: similar (STSMS) 
No 1.3% Yes 

Elmer, 2013 Not applicable Not applicable 
Not 

applicable 

Not 

applicable 

Not 

applicable 

NS: not specified; VT: tidal volume; STSMS: society of thoracic surgeons mortality score; PORI: preoperative risk index 
a
: Early termination for benefit or futility and the presence of an explicit a priori stopping rules
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eTable 3 – Down and Black checklist for non-randomized controlled trials 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Wolthuis, 2007 Y Y Y Y N Y Y Y N Y N UTD Y N N N N Y Y Y Y Y UTD N Y UTD UTD 

Yilmaz, 2007 Y Y Y Y N Y Y Y N Y N UTD Y N N N N Y Y Y Y Y UTD N Y UTD UTD 

Linko, 2009 Y Y Y Y N Y Y Y N Y Y UTD Y N N Y N Y Y Y Y Y UTD N Y UTD UTD 

Elmer, 2013 Y Y Y Y N Y Y Y N Y Y UTD Y N N N N Y Y Y Y Y UTD N Y UTD UTD 
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eTable 4 – Respiratory parameters during the first five days of ventilationǁ 

Parameters 

Day 1 Day 3 Day 5 

Less than or 

equal to 7 

ml/kg PBW 

Greater than 

7 and less 

than 10 

ml/kg PBW 

Equal to or 

greater than 

10 ml/kg 

PBW 

Less than or 

equal to 7 

ml/kg PBW 

Greater than 

7 and less 

than 10 

ml/kg PBW 

Equal to or 

greater than 

10 ml/kg 

PBW 

Less than 

or equal to 

7 ml/kg 

PBW 

Greater than 

7 and less 

than 10 

ml/kg PBW 

Equal to or 

greater 

than 10 

ml/kg PBW 
Tidal Volume (ml/kg PBW) 

   No. of Patients 

6.4 (6.1 – 6.7)  

720 

8.9 (8.4 – 9.4) 

754 

11.1 (10.5 – 12.2) 

710 

6.8 (6.3 – 7.2) 

501 

9.0 (8.5 – 9.6) 

673 

11.4 (10.5 – 12.5) 

531 

7.1 (6.4 – 7.6) 

278 

9.0 (8.5 – 9.5) 

301 

11.4 (10.6 – 12.5) 

265 

Plateau pressure (cmH2O) 

   No. of Patients 

18.0 (15.0 – 21.0) 

301 

19.0 (16.0 – 23.0)  

384 

20.5 (17.0 – 25.0) 

227
*,¶

 

16.0 (14.0 – 18.0) 

101 

18.0 (17.0 – 19.7) 

124 

19.0 (17.0 – 23.0) 

117
¶
 

15.5 (15.0 – 

17.2) 

98 

16.2 (13.7 – 17.2) 

101 

19.0 (16.0 – 22.0)
 
 

71
α
 

Peak inspiratory pressure (cmH2O)  

   No. of Patients 

22.0 (18.0 – 27.0) 

539 

23.0 (20.0 – 27.0)  

647 

25.0 (21.0 – 28.0)  

471
¶,α

 

20.0 (18.0 – 23.0) 

501 

20.0 (17.2 – 24.0) 

651 

21.0 (19.5 – 25.0) 

522
¶,α

 

20.0 (18.0 – 

22.0) 

201 

22.0 (19.0 – 23.0) 

256 

23.2 (20.0 – 27.0) 

207 

Respiratory rate (breaths/min) 

   No. of Patients 

16.0 (13.0 – 20.0) 

589 

14.0 (12.0 – 16.0)  

717 

13.0 (12.0 – 15.0)  

598 

15.0 (12.2 – 18.0) 

495 

14.0 (12.0 – 16.0) 

664 

13.0 (12.0 – 16.0) 

524 

16.0 (12.0 – 

19.0) 

221 

14.0 (12.0 – 17.5) 

254 

13.0 (10.0 – 16.0) 

198 

Minute-Ventilation (liters/min) 

   No. of Patients 

7.5 (6.2 – 9.1) 

589 

8.0 (6.6 – 9.6) 

717 

8.8 (7.2 – 10.8)  

598 

7.2 (6.4 – 8.8) 

495 

8.4 (7.0 – 9.8) 

664 

8.5 (7.2 – 10.8) 

524 

7.2 (5.7 – 9.0) 

221 

7.4 (7.4 – 9.5) 

254 

8.7 (7.7 – 11.0) 

198 

PEEP (cmH2O) 

   No. of Patients 

5.0 (5.0 – 8.0) 

701 

5.0 (5.0 – 6.0) 

720 

5.0 (5.0 – 6.0) 

699 

5.0 (5.0 – 5.0) 

498 

5.0 (5.0 – 5.0) 

669 

5.0 (5.0 – 5.0) 

524 

5.0 (5.0 – 5.0) 

221 

5.0 (5.0 – 5.0) 

253 

5.0 (5.0 – 5.0) 

207 

PaO2 / FiO2 

   No. of Patients 

299 (259 – 354) 

590 

291 (264 – 361) 

698 

295 (281 – 358)  

612 

265 (239 – 326) 

467 

279 (211 – 327) 

501 

255 (221 – 327) 

467 

 277 (228 – 361) 

123 

270 (211 – 342) 

109 

260 (205 – 349) 

153 

PaCO2 (mmHg) 

   No. of Patients 

42.0 (36.0 – 47.0) 

566 

38.0 (34.0 – 43.0) 

679 

36.0 (31.0 – 42.0) 

563 

40.0 (35.5 – 42.0) 

431 

38.0 (34.3 – 42.5) 

497 

39.0 (35.0 – 43.0) 

411 

39.0 (35.0 – 

43.5) 

101 

40.0 (36.0 – 44.0) 

109 

39.0 (35.0 – 43.0) 

150 

Arterial pH 

   No. of Patients 

7.38 (7.32 – 7.43) 

566 

7.40 (7.35 – 7.45) 

679 

7.42 (7.37 – 7.47) 

563 

7.43 (7.40 – 7.45) 

431 

7.43 (7.40 – 7.46) 

497 

7.42 (7.40 – 7.45) 

411 

7.45 (7.42 – 

7.47) 

96 

7.43 (7.39 – 7.46) 

100 

7.44 (7.40 – 7.46) 

151 

ǁ Data presented as median (Interquartile Range). The number of patients refers to those who were receiving ventilation and for whom data were available. 

PBW: predicted body weight; PEEP: positive end-expiratory pressure; PaO2: partial pressure of oxygen; FiO2: inspired fraction of oxygen; PaCO2: partial pressure of carbon dioxide 

a: p-value for time-group interaction with generalized linear models including the time (day 1, day 3, and day 5) as within-factor variable and the group (less than or equal to 7, Greater than 7 and less than 10 and 

equal to or greaher than 10 ml/kg PBW) as between-factor variable  
*
 p < 0.05 for less than or equal to 7 ml/kg PBW compared to greater than 7 and less than 10 ml/kg PBW 

¶
 p < 0.05 for less than or equal to 7 ml/kg PBW compared to equal to or greater than 10 ml/kg PBW 

α
 p < 0.05 for greater than 7 and less than 10 ml/kg PBW compared to equal to or greater than 10 ml/kg PBW 
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eTable 5 – Baseline characteristics of the patients according to initial diagnosisǁ 

Variables 

Trauma or Post-Operative (n = 473) Neurological (n = 717) Others (n = 995) 

Less than or 

equal to 7 

ml/kg PBW  

(n = 186) 

Greater than 

7 and less 

than 10  

(n = 154) 

Equal to or 

greater than 

10  

(n = 133) 

Less than or 

equal to 7 

ml/kg PBW  

(n = 195) 

Greater than 

7 and less 

than 10 

 (n = 289) 

Equal to or 

greater than 

10  

(n = 233) 

Less than or 

equal to 7 

ml/kg PBW 

(n = 338) 

Greater than 

7 and less 

than 10  

(n = 311) 

Equal to or 

greater than 

10  

(n = 346) 

Age, years 68.64 ± 11.14 65.00 ± 12.82 71.40 ± 7.73 68.34 ± 14.45 67.42 ± 13.76 66.53 ± 15.33 59.03 ± 16.98 61.13 ± 16.38 62.35 ± 16.49 

Gender, female 77 (41.2) 24 (36.8) 59 (44.4) 68 (34.9) 127 (44.1) 125 (53.7) 66 (19.4) 121 (39) 150 (43.5) 

PBW, kg 64.74 ± 9.67 65.22 ± 10.29 58.35 ± 9.78 70.23 ± 10.08 64.12 ± 9.51 58.82 ± 11.26 69.97 ± 9.44 65.12 ± 10.13 62.21 ± 11.55 

APACHE II 24.00 ± 10.90 16.20 ± 4.89 20.57 ± 9.19 19.32 ± 6.47 20.42 ± 6.06 20.03 ± 6.21 22.64 ± 8.73 23.25 ± 8.92 23.15 ± 11.55 

PaO2 / FiO2 229.0 ± 99.3 266.8 ± 94.9 289.7 ± 94.5 315.3 ± 186.8 290.6 ± 130.3 302.8 ± 148.6 261.9 ± 123.7 266.7 ± 122.0 265.3 ± 120.1 

Initial diagnosis 

   Post-surgery 

   Cardiac arrest 

   Traumatic brain injury 

   Sepsis 

   Trauma 

   Stroke or Hemorrhage 

   Status epilepticus 

   Other 

 

79 (42.5) 

--- 

--- 

--- 

107 (57.5) 

--- 

--- 

--- 

 

74 (48) 

--- 

--- 

--- 

80 (52) 

--- 

--- 

--- 

 

65 (48.9) 

--- 

--- 

--- 

68 (51.1) 

--- 

--- 

--- 

 

--- 

--- 

40 (20.5) 

--- 

--- 

154 (79) 

1 (0.5) 

--- 

 

--- 

--- 

35 (12.1) 

--- 

--- 

252 (87.2) 

2 (0.7) 

--- 

 

--- 

--- 

32 (13.7) 

--- 

--- 

198 (85) 

3 (1.3) 

--- 

 

--- 

80 (23.7) 

--- 

193 (57.1) 

--- 

--- 

--- 

65 (19.2) 

 

--- 

77 (24.7) 

--- 

176 (56.6) 

--- 

--- 

--- 

58 (18.7) 

 

--- 

78 (22.5) 

--- 

194 (56.1) 

--- 

--- 

--- 

74 (21.4) 

Type of ventilation, VC 165 (88.9) 87 (56.3) 106 (80) 124 (63.8) 155 (53.6) 104 (44.7) 202 (59.9) 191 (61.3) 201 (58.2) 

Tidal volume, ml/kg PBW 

   Day 01 

   Day 03 

   Day 05 

 

6.25 ± 0.47 

5.88 ± 0.23 

6.39 ± 0.12 

 

9.31 ± 0.59 

8.80 ± 0.66 

8.83 ± 0.29 

 

10.51 ± 0.63 

12.97 ± 1.21 

11.23 ± 1.52 

 

7.11 ± 0.73 

7.11 ± 0.73 

6.97 ± 0.79 

 

9.00 ± 0.57 

9.02 ± 0.59 

9.00 ± 0.58 

 

11.56 ± 1.67 

11.73 ± 1.61 

11.72 ± 1.48 

 

6.76 ± 0.90 

6.40 ± 1.54 

6.48 ± 1.44 

 

8.90 ± 0.56 

9.02 ± 0.84 

9.05 ± 0.76 

 

11.60 ± 1.60 

12.93 ± 4.24 

13.56 ± 2.07 

Plateau pressure, cmH2O 

   Day 01 

   Day 03 

   Day 05 

 

17.29 ± 3.73 

16.00 ± 1.00 

17.12 ± 2.78 

 

20.44 ± 4.30 

17.00 ± 1.21 

19.21 ± 3.43  

 

20.72 ± 5.29 

21.12 ± 3.43 

21.01 ± 2.34 

 

17.36 ± 5.83 

16.72 ± 4.23 

16.38 ± 2.99 

 

17.25 ± 3.25 

18.04 ± 2.38 

15.52 ± 3.44 

 

20.00 ± 2.68 

19.62 ± 3.49 

19.00 ± 3.24 

 

18.63 ± 5.28 

17.52 ± 1.29 

18.92 ± 3.41 

 

20.46 ± 5.24 

21.55 ± 4.32 

22.23 ± 4.32 

 

21.39 ± 5.85 

24.32 ± 4.32 

24.01 ± 3.21 

PEEP, cmH2O 

   Day 01 

   Day 03 

   Day 05 

 

9.05 ± 16.24 

7.50 ± 3.53 

6.78 ± 1.23 

 

7.94 ± 4.58 

9.50 ± 3.92 

8.50 ± 3.53 

 

6.25 ± 2.47 

9.66 ± 0.57 

6.80 ± 1.92 

 

5.27 ± 1.22 

5.13 ± 0.77 

5.18 ± 0.86 

 

5.16 ± 0.86 

5.15 ± 0.69 

5.24 ± 1.00 

 

5.16 ± 0.86 

5.12 ± 0.76 

5.16 ± 0.82 

 

6.95 ± 2.70 

5.50 ± 0.70 

5.25 ± 0.50 

 

6.60 ± 2.41 

8.33 ± 4.08 

6.00 ± 0.00 

 

6.21 ± 1.99 

8.17 ± 7.07 

10.33 ± 3.21 

ǁ Plus-minus values are mean ± SD and other values are n (%) 

Comparisons were made using analysis of variance (ANOVA) 

PBW: predicted body weight; RCT: randomized controlled trial; VC: volume controlled; PEEP: positive end-expiratory pressure 
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eTable 6 – Primary and secondary outcomes according to initial diagnosis  

Variables 

Trauma or Post-Operative (n = 473) Neurological (n = 717) Others (n = 995) 

Adjusted OR** 

(95% CI)
*
 

p 
Adjusted OR

¶
 

(95% CI)
*
 

p 
Adjusted OR** 

(95% CI)
*
 

p 
Adjusted OR

¶
 

(95% CI)
*
 

p 
Adjusted OR** 

(95% CI)
*
 

p 
Adjusted OR

¶
 

(95% CI)
*
 

p 

Pulmonary 

Complications 

   ARDS 

   Pneumonia 

0.99 (0.71 – 1.34) 

0.81 (0.65 – 1.04) 

1.21 (0.87 – 3.21) 

0.831 

0.090 

0.451 

0.80 (0.75 – 2.22) 

0.99 (0.87 – 1.54) 

1.09 (0.72 – 2.21) 

0.777 

0.431 

0.321 

0.84 (0.55 – 1.30) 

0.65 (0.40 – 1.05) 

1.64 (0.91 – 2.94) 

0.431 

0.078 

0.100 

0.88 (0.60 – 1.28) 

0.88 (0.59 – 1.33) 

1.17 (0.68 – 2.03) 

0.505 

0.553 

0.567 

0.68 (0.47 – 0.96) 

0.40 (0.26 – 0.63) 

1.50 (0.90 – 2.52) 

0.031 

< 0.01 

0.121 

0.83 (0.59 – 1.16) 

0.47 (0.31 – 0.71) 

1.35 (0.82 – 2.22) 

0.829 

< 0.01 

0.237 

In-Hospital Mortality 1.17 (0.55 – 2.21) 0.721 0.89 (0.55 – 3.01) 0.657 1.07 (0.70 – 1.62) 0.759 1.06 (0.73 – 1.55) 0.749 0.94 (0.67 – 1.31) 0.725 0.83 (0.60 – 1.15) 0.274 

* Adjusted by: age, risk of death, baseline PaO2 / FiO2, baseline pH 

** ≤ 7 ml/kg PBW vs. ≥ 10 ml/kg PBW 

¶ 8 to 9 ml/kg PBW vs. ≥ 10 ml/kg PBW 

ARDS: acute respiratory distress syndrome; RR: odds ratio; CI: confidence interval; 
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eFigure 1 – Literature search strategy 
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eFigure 2 – Distribution of tidal volume in A) overall cohort, and in B) conventional (black bars) or protective (gray bars) arms of 

randomized controlled trials 

 

The thick lines correspond to the cut-offs used in the study 
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eFigure 3 – Individual and pooled pulmonary complications incidence rates 

 

 

 

 

 




