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Outcome of Acute Hypoxaemic Respiratory Failure. Insights from the Lung Safe Study
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Background:

The current incidence and outcome of patients with acute hypoxaemic respiratory failure requiring mechanical ventilation in intensive care unit are unknown, especially for patients not meeting criteria for acute respiratory distress syndrome (ARDS).

Methods: An international, multicentre, prospective cohort study of patients presenting with hypoxemia early in the course of mechanical ventilation, conducted during four consecutive weeks in the winter of 2014 in 459 ICUs from 50 countries (LUNG SAFE).

Patients were enrolled with PaO 2 /FiO 2 <300 mmHg, new pulmonary infiltrates and need for mechanical ventilation with a positive end-expiratory pressure (PEEP) of at least 5 cm H 2 O.

ICU prevalence, causes of hypoxemia, hospital survival, factors associated with hospital mortality were measured. Patients with unilateral versus bilateral opacities were compared.

Findings: 12,906 critically ill patients received mechanical ventilation and 34.9% with hypoxaemia and new infiltrates were enrolled, separated into ARDS (69.0%), unilateral infiltrate (22.7%) and congestive heart failure (8.2%, CHF). The global hospital mortality was 38.6%. CHF patients had a mortality comparable to ARDS (44.1%vs. 40.4%). Patients with unilateral-infiltrate had lower unadjusted mortality but similar adjusted mortality than ARDS. The number of quadrants on chest imaging was associated with an increased risk of death. There was no difference in mortality comparing patients with unilateral-infiltrate and ARDS with only 2 quadrants involved.

Interpretation

More than one third of the patients receiving mechanical ventilation have hypoxaemia and new infiltrates with an hospital mortality of 38.6%. Survival is dependent on the degree of pulmonary involvement whether or not ARDS criteria are reached.

Introduction

Acute hypoxaemic respiratory failure is a leading cause of admission and need for mechanical ventilation in Intensive Care Units (ICU). Studies have usually focused on patients meeting the criteria for Acute Respiratory Distress Syndrome (ARDS) [START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF][START_REF] Caser | Impact of distinct definitions of acute lung injury on its incidence and outcomes in Brazilian ICUs: prospective evaluation of 7,133 patients*[END_REF][START_REF] Villar | The ALIEN study: incidence and outcome of acute respiratory distress syndrome in the era of lung protective ventilation[END_REF]. There are limited data on hypoxaemic patients who do not fulfil the definition of ARDS [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF][START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF][START_REF] Vincent | Sequntial organ failure assessment. The epidemiology of acute respiratory failure in critically ill patients(*)[END_REF]. A large prospective observational study in Sweden, Denmark, and Iceland, had examined patients with acute respiratory failure requiring mechanical ventilation regardless of the level of FiO 2, and found more than 20 years ago a mortality rate around 40% with or without ARDS [START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF].

Hypoxaemic patients without ARDS, can have cardiac failure or fluid overload, or only unilateral infiltrates on chest imaging. These patients are excluded from epidemiological studies addressing ARDS and exploring this population is important. First, the definition of ARDS is subject to variations into clinicians' interpretations such as the relative contribution of heart failure or fluid overload [START_REF] Komiya | A systematic review of diagnostic methods to differentiate acute lung injury/acute respiratory distress syndrome from cardiogenic pulmonary edema[END_REF], and/or the analysis of chest X-ray for the diagnosis of bilateral pulmonary infiltrates [START_REF] Figueroa-Casas | Accuracy of the chest radiograph to identify bilateral pulmonary infiltrates consistent with the diagnosis of acute respiratory distress syndrome using computed tomography as reference standard[END_REF][START_REF] Goddard | The Randomized Educational Acute Respiratory Distress Syndrome Diagnosis Study: A Trial to Improve the Radiographic Diagnosis of Acute Respiratory Distress Syndrome[END_REF][START_REF] Sjoding | Interobserver Reliability of the Berlin ARDS Definition and Strategies to Improve the Reliability of ARDS Diagnosis[END_REF]. Previous studies have shown that bilateral involvement in community-acquired pneumonia is an independent risk factor for mortality [START_REF] Almirall | Prognostic factors of pneumonia requiring admission to the intensive care unit[END_REF][START_REF] Liapikou | Multilobar bilateral and unilateral chest radiograph involvement: implications for prognosis in hospitalised community-acquired pneumonia[END_REF] . Understanding the differential impact of unilateral versus bilateral airspace disease is also important because they may overlap with ARDS. In addition it is essential to determine whether these patients can benefit from lung protective approaches like those used for patients with ARDS [START_REF] Neto | 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[END_REF][START_REF] Group For The Prevent | Effect of a Low vs Intermediate Tidal Volume Strategy on Ventilator-Free Days in Intensive Care Unit Patients Without ARDS: A Randomized Clinical Trial[END_REF]. Although the underlying biological mechanisms may differ across these different groups, the symptomatic management of the lungs, e.g., ventilator settings, sedation, proning, could be comparable. Therefore, understanding the behaviour of hypoxaemic 'non ARDS' ventilated patients might optimize the management strategy of these acutely hypoxaemic critically ill patients and may help to better understand the limits of the current ARDS definition.

The Large Observational Study to Understand the Global Impact of Severe Acute Respiratory Failure (LUNG SAFE) is the most recent and largest international prospective cohort of hypoxaemic mechanically ventilated patients with new infiltrates [START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF]. In a prespecified analysis, we set out to describe the global burden and compare the different subgroups of hypoxaemic patients with new infiltrates: those who fulfil the criteria for the Berlin definition of ARDS; patients whose failure was entirely explained by cardiac failure or fluid overload as declared by clinicians; and patients with unilateral infiltrate on the chest imaging.

MATERIALS AND METHODS

Study Design

LUNG SAFE (ClinicalTrials.gov identifier NCT02010073) was a prospective multicentre observational study conducted in 459 ICUs from 50 different countries. All participating ICUs obtained ethics committee approval and patient consent or ethics committee waiver of consent, depending on local regulations. National coordinators and site investigators were responsible for obtaining ethics committee approval and for ensuring data integrity and validity. Participating centres screened all newly admitted patients for four consecutive winter weeks (February-March 2014 in the Northern hemisphere, June-August 2014 in the Southern hemisphere). A total of 4,499 patients had acute hypoxaemic respiratory failure defined by a PaO 2 /FIO 2 <300 mmHg, new pulmonary infiltrates on chest imaging, and requirement of ventilator support with a positive end-expiratory pressure (PEEP) >5 cm H 2 O.

The number of quadrants involved (chest X-ray or CT scan) was reported by clinicians. The detailed methods and design of LUNG SAFE have been previously described [START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF]; some results of this study have been reported in abstract form [START_REF] Pham | Do patients with unilateral opacities have a similar outcome thanpatients with ARDS? An ancillary analysis of the LUNG SAFE stud[END_REF].

Participants and definitions

Patients were divided into 3 groups:

-Acute Respiratory Distress Syndrome (ARDS): patients fulfilling the Berlin criteria for ARDS [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF].

-Congestive Heart Failure (CHF): patients in whom respiratory failure was considered by clinicians to be fully explained by cardiac failure or fluid overload.

-Unilateral-infiltrate: patients fulfilling Berlin definition for ARDS criteria except that they presented with only unilateral infiltrates on chest imaging.

To ensure homogeneity in the analysis, we kept patients with early onset (first 48 hours post ICU admission) for meeting criteria, not treated with ECMO in the first 48h, and not admitted to another ICU for >2 days before being transferred to the participating ICU.

Statistical analyses

Continuous variables are reported as mean ± SD or median (interquartile range [IQR]), and categorical variables as count and proportion. Comparisons of proportions were made using Chi-square and Fisher exact tests. Three groups were compared (unilateral-infiltrate, ARDS and CHF), and continuous variables were compared using ANOVA or Kruskall-Wallis test, as appropriate. We included geo-economic grouping in multivariable analyses, using the 2016 World Bank country classification [START_REF] Laffey | Geo-economic variations in epidemiology, patterns of care, and outcomes in patients with acute respiratory distress syndrome: insights from the LUNG SAFE prospective cohort study[END_REF]. When global comparisons were statistically significant, pairwise comparisons adjusting for multiple testing were performed using Tukey or Benjamini and Hochberg method.

Prognostic risk factors from previous literature and variables found to be associated in bivariate analysis with a P value <0.20 were entered in stepwise (forward and backward) multivariable logistic regression analyses with significance α levels of 0.05 or less for retention.

As basic analysis of chest imaging (quadrants involved) was an important focus, this component was introduced in mortality models using either: 1) considering bilateral opacities as a dichotomous variable; 2) considering the number of quadrants involved as an ordinal variable. To better examine the specific impact of bilateral versus unilateral opacities, mortality analyses were repeated restricting the population to patients having two quadrants involved whether they were unilateral (i.e. non-ARDS) or bilateral (i.e. ARDS).

Multicollinearity was evaluated with variance inflation factors for each variable and ruled out if the variance inflation factor was <4 (relatively conservative). The results are shown as odds ratios with 95% C. Models' performance was assessed using the Hosmer-Lemeshow goodness-of-fit test statistic. We used a Kaplan-Meier analysis to estimate the likelihood of hospital mortality or invasive ventilation discontinuation within 90 days of onset of acute respiratory failure.

No statistical power calculation was conducted before the study, and sample size was based on available data. For all numerical variables, outliers were assessed and corrected by contacting site investigators if needed. The remaining outliers were plausible values that 7 were kept in the analysis. No assumptions were made for missing data, and we followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF]. Statistical analyses were done with R (version 3.5.5, http://cran.rproject.org, accessed August 2019). All P values were two-sided, and values <0.05 were deemed statistically significant. Data are presented unadjusted unless specifically stated.

We assumed that patients discharged alive from hospital before 90 days were alive on day 90.

RESULTS

Prevalence and outcomes of hypoxaemic patients under Mechanical Ventilation

A total of 29,144 patients were admitted to participating ICUs during the LUNG SAFE study and 12,906 patients received mechanical ventilation. Among them, 4,499 patients (15.5% of the total admissions, and 34.9% of hypoxaemic patients requiring mechanical ventilation) fulfilled our criteria for hypoxaemia. The 4,499 patients with acute hypoxemia under mechanical ventilation represented 0.63 cases/ICU bed over 4 weeks. N=3,834 (more than 85%) had data available in the two first days (Figure 1). Patients receiving NIV or under early ECMO are shown in Figure 1 

Patients with CHF

Patients with congestive heart failure were older, presented more frequent comorbidities such as diabetes, chronic renal failure or chronic cardiac failure (NYHA class 3 or 4), and less frequently chronic obstructive pulmonary disease (COPD) or immunocompromised status compared to patients with ARDS (Table 1 and e-Table 1). Many baseline characteristics were similar to patients with ARDS (SOFA score, arterial pH, PaO2/FiO2) but ventilatory parameters indicated lower PaCO 2 , PEEP and peak inspiratory pressure (PIP) (Tables 1 and2). They received higher tidal volumes, lower respiratory rates, and lower standardized minute ventilation (Table 2). Mortality was 44.1 %, not different from mortality of patients with ARDS (40.4%). Survivors form CHF had shorter durations of mechanical ventilation, length of stay in the ICU and in the hospital than ARDS (e-table 1).

Patients with unilateral-infiltrate

Characteristics

Compared to patients with ARDS, the 722 patients with unilateral-infiltrate had many similar characteristics. COPD was more frequent but other comorbidities did not differ (Table 1 and e-Table 1). The three main risk factors for hypoxemia were similar in patients with unilateral-infiltrate and with ARDS, namely pneumonia, gastric aspiration and extrapulmonary sepsis. Aspiration was more frequent in patients in unilateral-infiltrate while pneumonia and extra-pulmonary sepsis rates were more prevalent in ARDS.

Patients with unilateral-infiltrate had lower baseline respiratory and systemic illness severity than patients with ARDS, lower SOFA and non-pulmonary SOFA scores, and higher arterial pH, PaO2/FiO2 ratio and lower PIP (Table 1). Plateau pressure (Pplat) and driving pressure (reported in only 31.1% of the patients), were lower in patients with unilateralinfiltrate than in ARDS (Table 2, e-table 1 and Figure 2).

Management

Patients with unilateral-infiltrate received higher tidal volumes but lower PEEP, FiO 2 , respiratory rate and standardized minute ventilation than patients with ARDS (Table 2 and figure 2). 'Protective' ventilation, defined as receiving tidal volume lower than 8 mL/kg PBW and a plateau pressure lower than 30 cmH 2 O (when available) was delivered at a similar rate in patients with unilateral-infiltrate and in patients with ARDS (63% vs 67%, P=0.250; e-Figure 1). The use of adjunctive therapies was low in the whole population but was higher in patients with ARDS than in unilateral-infiltrate patients (e-Table 2).

Unadjusted outcomes

Overall, unadjusted ICU and hospital mortality were lower in patients with unilateralinfiltrate than in patients with ARDS (26% vs. 35% and 35% vs. 40%) (Table 2, e-Table 1 and Figure 3, panel A) and patients with unilateral-infiltrate had more invasive-ventilation free days than patients with ARDS (Table 2). In an analysis confined to survivors, ICU stay was shorter in patients with unilateral-infiltrate than in patients with ARDS, but hospital length of stay was similar.

Impact of the number of quadrants involved (patients without CHF)

1) Risk factors for death in unilateral-infiltrate and ARDS

Comparison of survivors vs. non-survivors is shown in e-Table 3. Multi-variable analysis of the factors contributing to outcome in these patients with ARDS or unilateralinfiltrate adjusting on main confounders demonstrated that the presence of bilateral opacities on the chest imaging (i.e. ARDS) was an independent risk factor for death (e-Table 10 4). A similar model adjusting on the same confounders using the number of quadrants involved instead of the bilateral opacities characteristics showed that having 3 or 4 involved quadrants was significantly associated with a higher risk of hospital mortality. Independent risk factors for mortality also included age, immunocompromised status, chronic liver failure, higher extra-pulmonary SOFA score, concomitant cardiac failure, medical indication or trauma, and location in a middle-income country, higher respiratory rate and peak inspiratory pressure and lower pH. Conversely, higher body mass index, higher PEEP, drug overdose as the cause of respiratory failure were associated with better outcomes (e-Table 4). The multivariable analysis of factors associated with hospital mortality restricted to patients with unilateral-infiltrate found similar results, although with less significant variables (e-table 5).

2) Patients with infiltrates in only two quadrants of chest X-ray

Of 1094 patients with two quadrant infiltrates on CXR, 172 (16%) had unilateral opacities (unilateral infiltrate), while 922 (84%) had bilateral opacities (ARDS) (Table 3).

Unilateral-infiltrate patients had more immunosuppression, gastric aspiration, contusions, and less extra-pulmonary sepsis, but most of other patients' characteristics, gas exchange variables and ventilator management were identical. The unadjusted mortality rates and other outcomes were similar between groups (Figure 3, panel B). In a multivariable analysis adjusting on the same covariates as the model performed for the whole population, the presence of bilateral (vs. unilateral) opacities was not associated with mortality (e-Table 6).

3) Development of ARDS in patients presenting initially with unilateral-infiltrate

Of patients with unilateral-infiltrate on day 1 and 2, 143 (20%) subsequently developed ARDS. Patients who developed bilateral infiltrates were more severely ill than patients who never developed ARDS as evidenced by lower PaO 2 /FIO 2 ratio in the first two days; higher hemodynamic SOFA score; lower pH; and higher PIP. Patients who developed ARDS had similar mortality rates but longer stays and duration of MV (e-Table 7). In multivariable analyses adjusting for age, SOFA score, pH and PF ratio, only PIP was associated with the evolution towards ARDS (e-Table 8).

Discussion

The LUNG SAFE study shows that slightly more than a third of patients requiring mechanical ventilation in the participating ICU have PaO 2 /FIO 2 ratio <300 mmHg. Patients with CHF receiving mechanical ventilation have a mortality rate comparable to patients with ARDS. Patients with unilateral-infiltrate have lower severity of illness than patients with ARDS and the extent of the infiltrates on the chest imaging is associated with mortality. The outcome of patients with two quadrant involvement on the chest X-ray is similar whether the distribution is bilateral (i.e. qualifying them for ARDS) or unilateral. Importantly, in patients with unilateral infiltrate, peak pressure is the only independent risk factor for developing ARDS.

More than 15% of all admissions and more than one third of patients who received ventilation in this large international observational study display hypoxaemia with new infiltrates. They have a high mortality rate. This condition as a whole has an important impact on health-care systems worldwide, larger than ARDS alone [START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF][START_REF] Herridge | Functional disability 5 years after acute respiratory distress syndrome[END_REF][START_REF] Pham | Fifty Years of Research in ARDS. The Epidemiology of Acute Respiratory Distress Syndrome. A 50th Birthday Review[END_REF]. While the subgroup with ARDS is well characterized and studied [START_REF] Bellani | Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries[END_REF][START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF], the population not fulfilling ARDS criteria is under-appreciated as a clinical entity and incidence and outcomes have not been often reported to date [START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF][START_REF] Vincent | Sequntial organ failure assessment. The epidemiology of acute respiratory failure in critically ill patients(*)[END_REF][START_REF] Prescott | Late mortality after acute hypoxic respiratory failure[END_REF][START_REF] Peñuelas | Inter-country variability over time in the mortality of mechanically ventilated patients[END_REF]. The lack of consensual definition and the heterogeneity of this group are potential explanations. In addition, ARDS is considered as an archetypal condition in the critically ill and has dominated the research agenda [START_REF] Herridge | Acute lung injury--affecting many lives[END_REF][START_REF] Henderson | Fifty Years of Research in ARDS. Respiratory Mechanics in Acute Respiratory Distress Syndrome[END_REF][START_REF] Sahetya | Fifty Years of Research in ARDS. Vt Selection in Acute Respiratory Distress Syndrome[END_REF][START_REF] Sahetya | Fifty Years of Research in ARDS. Setting Positive End-Expiratory Pressure in Acute Respiratory Distress Syndrome[END_REF][START_REF] Beitler | t Investigators. Personalized medicine for ARDS: the 2035 research agenda[END_REF].

Few data are available for this category of patients. In a prospective study in Sweden, Denmark, and Iceland Luhr et al examined the prevalence and 90-d mortality of acute respiratory failure (ARF), defined as intubation and mechanical ventilation ⩾ 24 h, as well as acute lung injury (ALI) and ARDS based on American-European consensus definition [START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF]. They did not use any oxygenation criteria for ARF, making comparisons difficult with our data: they included 1231 ARF patients, 287 ALI and 221 ARDS. Ninety-day mortality was 41% for all ARF, 42% for ALI and 41% for ARDS. The severity of illness and any chronic disease (except COPD) was more important for mortality and outcome than the definitions of ARDS if the patient was invasively ventilated more than 24 hours (defined as ARF). Vincent et al reported the results of a substudy to validate the sequential organ failure assessment score looking at patients having PaO2/FiO2 below 200 mmHg and mechanical ventilation. [START_REF] Vincent | Sequntial organ failure assessment. The epidemiology of acute respiratory failure in critically ill patients(*)[END_REF] They reported a prevalence of 54% with an ICU mortality of 34%. In the present study the number of quadrants seems to be a strong and noteworthy marker of severity of illness independent of whether it is defined as ARDS. This was an unexpected finding given the low reproducibility of X-Ray imaging in intensive care [START_REF] Rubenfeld | Interobserver variability in applying a radiographic definition for ARDS[END_REF]. The classification based on the number of quadrants with alveolar consolidation is, however, ultra-simple and may have a better reproducibility than more specific description of the type of infiltrates. This classification was one of the cardinal features of the Lung Injury Score, used for many years [START_REF] Murray | An expanded definition of the adult respiratory distress syndrome[END_REF]. In our study, patients presenting with ARDS and unilateral-infiltrate had quite similar profiles.

Comorbidities and main reasons for hypoxemia were comparable, although patients with aspiration were more frequent in unilateral injury. Patients with unilateral-infiltrate received slightly higher tidal volumes and lower PEEP than patients with ARDS. After adjustment, a similarly high mortality in patients with unilateral-infiltrate was observed compared to patients with ARDS and the same number of quadrants involved. This suggests that the extent of lung involvement is the predominant factor influencing outcome, rather than the bilateral characteristic. There was a stepwise increase in mortality when the number of quadrants involved raised from 2 to 4, and patients with 2 quadrants whether unilateral or bilateral had the same outcomes. Therefore, a very simple approach using quadrants confirmed previous findings (such as the general impact of unilateral vs bilateral on outcome) but also found an association between the number of quadrants and outcome, which has a biological rationale. The number of quadrants involved may grossly reflect the amount of non-aerated lung. The important point raised by our study, therefore, is not to emphasize the importance of the chest X ray, but at the opposite to suggest that it may be debatable to continue keeping the actual current definition of the need for bilateral infiltrates for defining ARDS.

Regarding the ARDS definition, our data confirm that patients with unilateralinfiltrate are not fundamentally different in terms of poor outcome from patients with ARDS [START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF]. They also have similar underlying risk factors, comorbidity profiles, are managed similarly. Importantly peak pressure was the only risk factor for developing secondary ARDS in patients with unilateral infiltrate. This reinforces the need for a protective ventilation in these patients. The need of subdividing these patients into ARDS and unilateral-infiltrate, at least based on the current clinical criteria, can be rediscussed depending on what is studied.

Given the lack of knowledge regarding this condition, unilateral patients might be enrolled in studies of ARDS, perhaps with stratification based on the number of quadrants involved to understand if similar management approaches should be used. The pathophysiology or biological mechanisms differ but the management may not be so different regarding, for instance, the ventilation of a baby lung. High PIP was the main risk factor for developing ARDS in patients with unilateral-infiltrate. The poor outcomes of this population justify further research.

Physiological studies looking at unilateral versus bilateral injury are needed to understand the impact of ventilator settings. For instance, the respective effects of PEEP or large tidal volumes in the presence of asymmetrical injury is an important question to address. Our data suggest that the same ventilator parameters seem to influence outcome in unilateral or bilateral lung injury. The failure of current clinical criteria to meaningfully subgroup hypoxaemic patients underlines the need to explore alternative classification approaches, including phenotyping based on biologic/immunologic profiles [START_REF] Calfee | Subphenotypes in acute respiratory distress syndrome: latent class analysis of data from two randomised controlled trials[END_REF][START_REF] Bos | Identification and validation of distinct biological phenotypes in patients with acute respiratory distress syndrome by cluster analysis[END_REF], if specific treatments can be applied according to these phenotypes [START_REF] Calfee | Acute respiratory distress syndrome subphenotypes and differential response to simvastatin: secondary analysis of a randomised controlled trial[END_REF]. In our study the basic clinical, though likely imperfect, classification of the number of quadrants involved had a strong prognostic value. Reexamining the impact of the number of quadrants may help to determine whether this parameter could be included as a severity criterion in the ARDS definition or for a definition including all hypoxaemic patients.

Patients with CHF receive a different therapeutic management approach compared to other types of respiratory failure. Although data are scarce, mechanical ventilation has always been associated with a poor prognosis [START_REF] Alviar | Positive Pressure Ventilation in the Cardiac Intensive Care Unit[END_REF][START_REF] Vallabhajosyula | Acute respiratory failure and mechanical ventilation in cardiogenic shock complicating acute myocardial infarction in the USA, 2000-2014[END_REF]. CHF patients had a shorter duration of support but had a similar mortality than patients with ARDS, again in line with Luhr et al [START_REF] Luhr | Incidence and mortality after acute respiratory failure and acute respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group[END_REF]. One study compared outcomes of patients with cardiogenic pulmonary oedema to patients with ARDS [START_REF] Schmickl | Comparison of hospital mortality and longterm survival in patients with acute lung injury/ARDS vs cardiogenic pulmonary edema[END_REF]. In this retrospective study, authors found a 4 fold-increased risk of hospital mortality for patients with ARDS as compared to patients with cardiogenic pulmonary oedema but definitions differed from ours (limited to need for mechanical ventilation and a PEEP of ≥5). This population of patients with cardiac failure may need more specific research attention. One could question the accuracy of the clinical classification of CHF by investigators in Lung SAFE. Differentiating ARDS from pure cardiac failure can be challenging [START_REF] Komiya | A systematic review of diagnostic methods to differentiate acute lung injury/acute respiratory distress syndrome from cardiogenic pulmonary edema[END_REF][START_REF] Maw | Diagnostic Accuracy of Point-of-Care Lung Ultrasonography and Chest Radiography in Adults With Symptoms Suggestive of Acute Decompensated Heart Failure: A Systematic Review and Meta-analysis[END_REF]36] especially since the Berlin definition clearly states that patients could present with ARDS and concomitant heart failure [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF] Patients were classified as CHF in the present study when hypoxemia was fully explained by cardiac failure or fluid overload per the treating clinician. This analysis reflects clinical practice and the way patients are enrolled in or excluded from clinical trials.

Our study has the limitations of an observational design with the risk of unmeasured confounding factors. Regarding quality of data collection, all numerical variables were checked, outliers were detected and queries to confirm their values were sent to investigators. This ensured quality of our dataset and explains the low number of missing data, mostly reflecting lack of clinicians' monitoring of certain variables (e.g., plateau pressure). Both the results of chest X rays and CT scans were used by clinicians for the diagnosis of ARDS and the number of quadrants but we the images were not systematically validated or reviewed by independent radiologists. For performing the Kaplan Meier curves we considered hospital discharge equal to outcome at 90 days, which is a simplification. Some epidemiological data suggest that hospital outcome and 90-day mortality are very similar for this population. Patients classified in the CHF group were patients for which the clinicians considered that the respiratory failure was fully explained by cardiac failure or fluid overload. Patients with respiratory infection and concomitant fluid overload were considered in the ARDS or the unilateral-infiltrate groups. It is known that chest X ray appearance can worsen after fluid administration. We do not have this granularity of information as this is the case in all trials in ARDS. In general, we don't have systematic validation of the chest X-Ray by independent radiologists.

Conclusion

Mechanically ventilated patients with hypoxaemia and new infiltrate represent a high global burden of illness, affecting one third of the patients receiving ventilation in the ICU with a mortality close to 40%. Patients with unilateral-infiltrate have a high mortality comparable to patients with ARDS of similar severity. Regarding outcome, the global extent of lung involvement seems more important than the unilateral vs. bilateral distribution of the lung opacities. These findings emphasize the need for greater attention to patients with unilateral-infiltrate in future studies. 
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 12 Figure 1: Flowchart of the patients screened and included in the analysis Abbreviations: ARDS: Acute Respiratory Distress Syndrome; CHF: Congestive Heart Failure; ECMO: ExtraCorporeal Membrane Oxygenation; NIV: Noninvasive Ventilation

Figure 3B :

 3B Figure 3B: Probability of discontinuing mechanical ventilation and of hospital survival in patients with 2 quadrants and unilateral-infiltrate (Blue) vs 2 quadrants and ARDS (Black). Solid lines represent the probability of hospital survival and dotted lines, the probability of mechanical ventilation
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	Kogarah: Deborah M. Inskip, Jennene J. Miller; Westmead Hospital, Westmead: Jing Kong, Christina
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	Austria:

Table 2 :

 2 Ventilatory Management and Outcomes by population category

			CHF	Unilateral-		
		ARDS patients	N=261	Infiltrate		
		N=2193		N=722	P value	N
	Ventilation Management					
	VT, ml/kg PBW	7.7±1.8	8.3±1.8*	7.9±1.9*	<0.001	3009
	RR, b/min	20.8±8.7	18.9±5.6*	19.1±5.5*	<0.001	3155
	PEEP, cmH2O	8.0 [5.0;10.0]	6.0 [5.0;8.0]*	6.0 [5.0;8.0]* <0.001	3159
	FiO2	0.6 [0.4;0.8]	0.6 [0.4;0.9]	0.5 [0.4;0.6]* <0.001	3161
	Plateau pressure, cmH2O	23.3±6.1	21.8±5.8	20.1±5.2*	<0.001	1002
	Driving pressure, cmH2O	14.9±5.6	14.0±5.4	13.1±4.9*	<0.001	999
	PIP, cmH2O	26.9±8.2	24.7±8.2*	24.8±8.0*	<0.001	3041
	Minute ventilation (standardized),					
	L/min	10.87±4.77	9.95±4.49*	10.20±4.41* <0.001	3103
	Outcomes					
	Duration of invasive MV					
	-in hospital survivors, days					

Table 3 :

 3 Demographics, illness severity, management and outcomes of patients with unilateral infiltrate and with ARDS with 2 CXR quadrants involved

		Unilateral-infiltrate	Bilateral with 2		
		with 2 quadrants	quadrants(ARDS)		
		N=172	N=922	p-value	N
	Age, y	61.2±18.0	62.3±16.6	0.452	1094
	Female gender, n(%)	63 (36.6%)	356 (38.6%)	0.685	1094
	Weight, kg	75.1±20.8	78.2±26.8	0.104	1032
	BMI, kg/m2	25.9±6.5	27.6±10.2	0.008	1008
	SOFA	9.6 [7.0;12.0]	9.8 [7.0;12.0]	0.249	1094
	Comorbidities, n(%)				
	Diabetes	40 (23.3%)	210 (22.8%)	0.969	1094
	COPD	36 (20.9%)	201 (21.8%)	0.878	1094
	Chronic Renal Failure	15 (8.7%)	96 (10.4%)	0.591	1094
	Immunosuppression	43 (25.0%)	157 (17.0%)	0.018	1094
	Chronic Cardiac Failure	16 (9.3%)	91 (9.9%)	0.928	1094
	Chronic Liver Failure	4 (2.3%)	34 (3.7%)	0.504	1094
	At least 1 comorbidity	103 (59.9%)	536 (58.1%)	0.732	1094
	"Cause of hypoxaaemia" (more				
	than 1 cause is possible), n(%)				
	Pneumonia	118 (68.6%)	584 (63.3%)	0.217	1094
	Non pulmonary Sepsis	21 (12.2%)	177 (19.2%)	0.038	1094
	Gastric aspiration	43 (25.0%)	147 (15.9%)	0.006	1094
	Trauma	13 (7.6%)	57 (6.2%)	0.612	1094
	Pancreatitis	0 (0.0%)	22 (2.4%)	0.036	1094
	Pulmonary contusion	16 (9.3%)	40 (4.3%)	0.012	1094
	Oxygenation and Ventilation				
	PaO2/FiO2, mmHg	185±63	178±66	0.196	1094
	Mild	56 (32.6%)	318 (34.5%)	0.509	1094
	Moderate	91 (52.9%)	446 (48.4%)		
	Severe	25 (14.5%)	158 (17.1%)		
	PaCO2, mmHg	46±15	44±13	0.134	1084
	pH	7.33±0.12	7.34±0.11	0.148	1084
	FiO2	0.5 [0.4;0.8]	0.5 [0.4;0.7]	0.247	1094
	Vt, ml/kg PBW	7.6±1.8	7.8±1.7	0.153	1046
	RR, b/min	20±6	20±6	0.444	1091
	Minute ventilation, L/min	10.33±4.50	10.31±4.62	0.942	1071
	PEEP, cmH20	6.0 [5.0;10.0]	8.0 [5.0;10.0]	0.101	1094
	Plateau pressure (n=336 ) ,				
	cmH20	20.8±5.8	21.8±5.4	0.238	336
	Driving pressure (n=336 ) ,				
	cmH20	13.1±5.9	14.1±4.9	0.282	336
	PIP (n= 1056) , cmH20	25.9±8.2	25.7±8.0	0.847	1056
	Outcomes				
	Duration of invasive MV	7 [3;12]	7 [4;14]	0.281	1036
	-in hospital survivors, dyas	7 [4;13]	7 [4;14]	0.844	652
	VFD28, days	16 [0;23]	15 [0;23]	0.581	1036
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	Non cardiogenic Shock	0.001	0.002	0.096
	Overdose	0.018	0.018	0.231
	TRALI	0.412	0.976	0.662
	CHF	<0.001	<0.001	0.003
	COPD	<0.001	0.101	0.900
	Asthma	0.101	<0.001	<0.001
	No Cause identified	0.002	0.002	0.707
	Ventilation Management			
	VT	<0.001	<0.001	0.010
	RR	<0.001	0.001	<0.001
	PEEP	<0.001	<0.001	<0.001
	FiO2	<0.001	0.668	<0.001
	Plateau pressure	<0.001	0.061	<0.001
	Driving pressure	<0.001	0.367	<0.001
	PIP	<0.001	<0.001	<0.001
	Minute ventilation	<0.001	0.008	0.002
	Outcomes			
	Duration of invasive MV	<0.001	<0.001	<0.001
	VFD	<0.001	0.064	<0.001
	ICU Length of Stay	<0.001	<0.001	0.007
	Hospital Length of Stay	<0.001	<0.001	0.902
	ICU mortality	<0.001	0.515	<0.001
	Hospital mortality	<0.001	0.282	<0.001
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Table 2 :

 2 Use of adjunct treatments in the 3 groups

			unilateral				p-value	p-value		
		ALL	infiltrate	ARDS	CHF	Global	unilat vs	unilat vs	p-value	
	Var	N=3176	N=722	N=2193	N=261	p-value	ARDS	CHF	unilat vs CHF N
	Prone	186 (5.9%)	16 (2.2%)	167 (7.6%)	3 (1.1%)	<0.001	<0.001	0.418	<0.001	3176
	ECMO	18 (0.6%)	0 (0.0%)	17 (0.8%)	1 (0.4%)	0.026	0.032	0.398	0.713	3176
	NMBA	575 (18.1%)	87 (12.0%)	457 (20.8%)	31 (11.9%)	<0.001	<0.001	1.000	0.001	3176
	Recruitment									
	Maneuver	575 (18.1%)	90 (12.5%)	455 (20.7%)	30 (11.5%)	<0.001	<0.001	0.764	0.001	3176
	Inhaled VD	191 (6.0%)	25 (3.5%)	152 (6.9%)	14 (5.4%)	0.003	0.003	0.367	0.411	3176
	HFO	27 (0.9%)	2 (0.3%)	25 (1.1%)	0 (0.0%)	0.022	0.153	1.000	0.153	3176
	Any Rescue treatment	1079 (34.0%)	178 (24.7%)	835 (38.1%)	66 (25.3%)	<0.001	<0.001	0.905	<0.001	3176

Table 7 :

 7 Baseline and outcomes of unilateral infiltrate patients according to their evolution

	Never developed	Did develop		
	ARDS	ARDS	p-	
	N=579	N=143	value	N

Table 8 :

 8 Multivariable analysis of factors associated with evolution to ARDS in patients with initial unilateral infiltrate Figure1: Distribution of tidal volume vs plateau pressure on day 1 in patients with unilateral infiltrate or with ARDS

	Model for patients with 2 quadrants
	OR	95%CI	p-value
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