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Introduction

Lung protective ventilation (LPV) is the cornerstone of management of acute respiratory distress syndrome (ARDS) [START_REF] Amato | Effect of a protective-ventilation strategy on mortality in the acute respiratory distress syndrome[END_REF] aiming for limited plateau pressures less than or equal to 28-30 cmH 2 O and a reduced tidal volume (Vt) of 6 mL.kg -1 predicted body weight (PBW). LPV may lead to carbon dioxide (CO 2 ) retention in some patients [START_REF] Barnes | Re-examining Permissive Hypercapnia in ARDS: A Narrative Review[END_REF] . Unlike the deleterious effects of excessive tidal volume in ARDS patients, the effects of hypercapnia were not clearly established, allowing the emergence of permissive hypercapnia with LPV [START_REF] Barnes | Re-examining Permissive Hypercapnia in ARDS: A Narrative Review[END_REF][START_REF] Hickling | Low mortality rate in adult respiratory distress syndrome using low-volume, pressure-limited ventilation with permissive hypercapnia: a prospective study[END_REF] , Therefore, hypercapnia should be considered as the witness of the mechanical ventilation settings, not a therapeutic goal to achieve. Several years ago, it has been hypothesized that inducing hypercapnia could have been beneficial in patients with acute respiratory failure by attenuating lung inflammation and injury [START_REF] Laffey | Carbon dioxide and the critically ill--too little of a good thing?[END_REF] . However, hypercapnia has been associated with impaired alveolar epithelial function, induced immunosuppression, pulmonary hypertension and diaphragmatic dysfunction [START_REF] Masterson | Hypercapnia: clinical relevance and mechanisms of action[END_REF][START_REF] Repessé | Hypercapnia during acute respiratory distress syndrome: the tree that hides the forest![END_REF][START_REF] Tiruvoipati | Management of hypercapnia in critically ill mechanically ventilated patients-A narrative review of literature[END_REF][START_REF] O'croinin | Bench-to-bedside review: Permissive hypercapnia[END_REF][START_REF] Morales-Quinteros | The role of hypercapnia in acute respiratory failure[END_REF][START_REF] Marhong | Carbon dioxide in the critically ill: too much or too little of a good thing?[END_REF] . Along these lines, devices allowing extracorporeal CO 2 removal (ECCO2R) to facilitate ultraprotective ventilation have been recently developed [START_REF] Fitzgerald | Extracorporeal carbon dioxide removal for patients with acute respiratory failure secondary to the acute respiratory distress syndrome: a systematic review[END_REF][START_REF] Combes | European Society of Intensive Care Medicine Trials Group and the "Strategy of Ultra-Protective lung ventilation with Extracorporeal CO2 Removal for New-Onset moderate to severe ARDS" (SUPERNOVA) investigators. Feasibility and safety of extracorporeal CO2 removal to enhance protective ventilation in acute respiratory distress syndrome: the SUPERNOVA study[END_REF][START_REF] Bein | Lower tidal volume strategy (≈3 ml/kg) combined with extracorporeal CO2 removal versus "conventional" protective ventilation (6 ml/kg) in severe ARDS: the prospective randomized Xtravent-study[END_REF] .

The impact of CO 2 retention on the outcomes of ARDS patients has been mostly assessed in secondary analyses of multicentre studies with conflicting results 14 15 16 . Unfortunately, in these studies, patients were not managed uniformly for mechanical ventilation (MV) since patients received either MV with Vt set to 8 mL.kg -1 or more, or noninvasive ventilation. Recently, the results of a systematic review and meta-analysis [START_REF] Gendreau | The role of acute hypercapnia on mortality and short-term physiology in patients mechanically ventilated for ARDS: a systematic review and meta-analysis[END_REF] suggested that, in patients managed similarly for MV, the development of hypercapnia was associated with worst prognosis compared to non hypercapnic patients. As a consequence, it has been suggested that pH should also be considered, since pH shift could lead to important organ dysfunction [START_REF] Fortuna | What about permissive acidosis?[END_REF] . Herein, we assessed the impact of hypercapnia and acidosis on the outcome of ARDS patients managed with LPV. Furthermore, since prone positioning [START_REF] Guerin | Prone positioning in severe acute respiratory distress syndrome[END_REF] and neuromuscular blockades [START_REF] Papazian | Neuromuscular blockers in early acute respiratory distress syndrome[END_REF] have been proven to be effective in patients with a PaO 2 /FiO 2 ratio below 150 mmHg, the threshold of 150 mmHg PaO 2 /FiO 2 is important to assess therapeutic approaches in ARDS patients [START_REF] Maiolo | Reclassifying Acute Respiratory Distress Syndrome[END_REF] and has been selected to conduct our study.

Methods

Patients

Data were recorded prospectively in ARDS patients older than 18 years who were admitted to the ICU from January 2006 to June 2021, with a PaO 2 /FiO 2 ratio ≤ 150 mmHg after at least 12 hours of lung-protective MV. All the patients had bilateral infiltrates on chest radiography, no criteria for heart failure according to catheterism and/or echocardiographic results, acute disease, and results of blood gas values obtained while ventilated with positive end expiratory pressure (PEEP) ≥ 5 cm H 2 O. Thus, patients were prospectively selected based on the 150 mmHg PaO 2 /FiO 2 threshold used since 2006 and were classified retrospectively for severity based on the Berlin criteria defined in 2012 [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF] . The study was approved by the hospital's ethics committee (Number 21.105), and we followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) recommendations for cohort studies.

Informed consent was not required in compliance with French legislation on observational studies of anonymized data. At least one blood gas value was available for each day of assessment for all patients. The patients were mechanically ventilated in assist-control mode with the initial Vt set at 6 mL.kg -1 PBW. The PEEP level was selected from the PEEP-FiO 2 table proposed by the ARDS network [START_REF]Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome. The Acute Respiratory Distress Syndrome Network[END_REF] , and the end-inspiratory plateau pressure was measured at least every 2 hours to be kept < 28-30 cmH 2 O, as long as the PaO 2 /FiO 2 ratio remained below 200 mmHg. In addition, the respiratory rate was set to maintain the arterial pH between 7.20 and 7.45. Patients with a pH < 7.20 and a PaCO 2 > 60 mmHg and/or a plateau pressure > 32 cmH 2 O were managed according to the ACURASYS protocol [START_REF] Papazian | Neuromuscular blockers in early acute respiratory distress syndrome[END_REF] , including an increase in the respiratory rate up to 35 breaths/minute and a decrease in tidal volume in steps of 1 mL.kg -1 g up to 4 mL.kg -1 . Buffering of the acidosis induced by hypercapnia was not a practice, and ECCO2R was not available during the study period. ARDS due to pulmonary infection (i.e., bacterial and/or viral and/or fungal pneumonia) was distinguished from ARDS due to other causes (i.e., aspiration, non-pulmonary infection, and miscellaneous causes). There were no trauma patients.

We collected the following baseline characteristics: the Simplified Acute Physiology Score (SAPS) II [START_REF] Gall | A new simplified acute physiology score (SAPS II) based on a European/North American multicenter study[END_REF] (calculated within 24 hours after admission) and the daily Sequential Organ Failure Assessment (SOFA) score [START_REF] Vincent | The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine[END_REF] (calculated for the first 5 days after ARDS diagnosis); comorbidities including liver cirrhosis, obesity, diabetes mellitus, aplasia and/or recent chemotherapy for a solid tumour or haematologic disease; previous coronary artery and/or valvular disease with treatment; and organ support used in the ICU. The highest PaCO 2 and lowest pH values within the first 5 days of MV were recorded. The additional respiratory parameters recorded and included in the analysis were the lowest values of the PaO 2 /FiO 2 ratio, the highest values of expiratory Vt, PEEP applied and ventilator-measured end-inspiratory plateau pressure.

Definitions

From Day 1 to Day 5, we calculated the driving pressure, respiratory compliance, and ventilatory ratio. The driving pressure was defined as the plateau airway pressure minus the PEEP. Respiratory system compliance (RSC, ml/cmH 2 O) was defined as the Vt divided by the difference between the plateau pressure and PEEP. The ventilatory ratio (VR) [minute ventilation (mL/mn) x PaCO 2 (mmHg)]/(PBW x 100 x 37.5)] was calculated because it is a simple index that correlates well with the dead space fraction in ARDS patients [START_REF] Sinha | Physiologic Analysis and Clinical Performance of the Ventilatory Ratio in Acute Respiratory Distress Syndrome[END_REF] . The base excess was calculated on Day 1 using the Siggard-Anderson equation [START_REF] Siggaard-Andersen | An acid-base chart for arterial blood with normal and pathophysiological reference areas[END_REF] (Base excess = 0.02786

x PaCO 2 x 10 (pH-6.1) + 13.77 x pH -124.58). To compare our results with those of previous studies, the patients were assessed for mortality in the ICU and were dichotomized according to whether their PaCO 2 was less than 35 mmHg (hypocapnia) [START_REF] Tiruvoipati | Management of hypercapnia in critically ill mechanically ventilated patients-A narrative review of literature[END_REF][START_REF] Kregenow | Hypercapnic acidosis and mortality in acute lung injury[END_REF][START_REF] Madotto | Patterns and Impact of Arterial CO2 Management in Patients With Acute Respiratory Distress Syndrome: Insights From the LUNG SAFE Study[END_REF] or greater than or equal to 50 mmHg (severe hypercapnia) [START_REF] Nin | Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome[END_REF] . Sustained severe hypercapnia was defined as a PaCO 2 ≥ 50 mmHg for 5 consecutive days (from Day 1 to Day 5).

Statistical analysis

Data are expressed as counts and percentages for categorical variables. Continuous variables were initially assessed for normality and are presented as the means and standard deviations (SDs) and as medians and interquartile ranges (IQRs, 25-75%) when not normally distributed.

The chi-square test was used to compare categorical variables, and the Mann-Whitney U test was used to compare continuous variables.

We first analysed data recorded on Day 1 of admission for ARDS. In the first step, we performed a frequentist analysis to assess whether severe hypercapnia was independently associated with ICU mortality. Thus, we performed a multivariable logistic regression model by entering ICU mortality with the following a priori defined variables: age, sex, SAPS II score, SOFA at day 1, pH at day1, respiratory rate (RR), BMI, PaO 2 /FiO 2 ratio, respiratory system compliance (RSC), driving pressure (DP), and ventilatory ratio. These variables were chosen based on the results of previous studies [START_REF] Nin | Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome[END_REF][START_REF] Madotto | Patterns and Impact of Arterial CO2 Management in Patients With Acute Respiratory Distress Syndrome: Insights From the LUNG SAFE Study[END_REF] . To make the comparisons of the results easier, the PaO 2 /FiO 2 ratio, RSC, DP, and ventilator ratio were calculated using values recorded on Day 1. Because patients were admitted over a 15-year period, the year of admission was entered in the model as a continuous variable. For adjustments, variables were removed in a backwards stepwise selection process based on a significance level with a P value of 0.10. We tested for an interaction between acidosis (pH < 7.35) and severe hypercapnia. COPD, pneumonia, and a plateau pressure above 28 cmH 2 O on Day 1 were also entered in the multivariable logistic regression. COPD was forced in the model because patients may have been previously exposed to prolonged periods of hypercapnia. Pneumonia was forced in the model because the effect of hypercapnia on pulmonary infection remains a matter of debate [START_REF] Masterson | Hypercapnia: clinical relevance and mechanisms of action[END_REF][START_REF] Morales-Quinteros | The role of hypercapnia in acute respiratory failure[END_REF] . A plateau pressure greater than 28 cmH 2 O, rather than 30 cmH 2 O, was also forced in the model to assess the possible association of increased CO 2 retention with a decreased plateau pressure. The results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Correlations between variables were assessed using spearman test.

In addition, we used a Bayesian logistic regression model to estimate the posterior probability for severe hypercapnia on Day 1 of admission for ARDS to be associated with ICU mortality.

The results were expressed using ORs and 95% credible intervals (CrIs). We first created four priors: a prior in which severe hypercapnia was associated with the highest risk of mortality (OR of 1.48, slightly lower than the one calculated in the frequentist analysis (95% CrI, 0.68-3.26; mean log (OR) of 0.4 and SD of 0.4), a neutral prior (OR of 1(95% CrI, 0.37-2.75; mean log (OR) of 0 and SD of 0.5)), a null prior, and a prior in which severe hypercapnia was associated with the lowest risk of mortality (OR of 0.67 (95% CrI, 0.31-1.45; mean log (OR) of -0.4 and SD of 0.4)).

In the second step, a propensity score (PS) near neighbour with 0.25 caliper matching (2/1 ratio) method was applied to assess whether sustained hypercapnia was associated with prognosis.

For this, patients were assessed on Day 5 after the diagnosis of ARDS. For calculation of the propensity score, we used the same variables as those entered in the multivariable logistic regression model (i.e., age, sex, SAPS II score, respiratory rate on Day 1, PaO 2 /FiO 2 ratio on Day 1, respiratory system compliance on Day 1, driving pressure on Day 1, and ventilatory ratio on Day 1). Tests were two-sided, and we considered a p < 0.05 to be significant. Statistical analyses were performed using R 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Study population

Overall, 930 consecutive patients with ARDS and a PaO 2 /FiO 2 ratio ≤150 mmHg admitted from January 2006 to June 2021 who received LPV were included in the analysis (see Additional file 1 for Study flow chart). Among them, 323 patients (34.7%) died in the ICU. Of note, rates of mortality in the ICU varied from one year to another all along the study period but no significant trend was observed (see Additional file 1, Table 1). All patients received neuromuscular blocking agents planned for at least the first 48 hours of invasive MV [START_REF] Papazian | Neuromuscular blockers in early acute respiratory distress syndrome[END_REF] . On Day 1, the plateau pressure was less than or equal to 28 cmH 2 O in 710 (76%) patients. The baseline characteristics of the patients were distinguished based on whether severe hypercapnia was noted on Day 1 are shown in Table 1. Hypercapnia was more frequent in patients with a plateau pressure lower than 28 cmH 2 O (Figure 1A). Hypocapnia was noted in 34 patients (4%), and severe hypercapnia was noted in 552 patients (59%).

Severe hypercapnia on Day 1 and ICU mortality

The results for comparisons between patients who died in the ICU and those who survived are shown in Additional file 1, Table 2. PaCO 2 values recorded on the first day of ARDS were significantly higher in patients who died in the ICU than in patients who survived their ICU stay. Locally estimated scatterplot smoothing (LOESS) analysis of the relationship between mortality and the highest PaCO 2 on Day 1 showed an increase in mortality with increasing PaCO 2 (Figure 1B). In the unadjusted (OR 1.54, 95% CI 1.16-1.63, p= 0.003) and adjusted analyses (OR 1.47, 95% CI 1.08-2.43, p= 0.04), severe hypercapnia was associated with ICU mortality, while no statistically significant interaction was found between severe hypercapnia and acidosis defined by a pH < 7.35 (P for interaction= 0.12). The variance inflation factor between severe hypercapnia and the ventilator ratio calculated on Day 1 was 1.41. The results for the Bayesian analysis are shown in Table 2. The posterior probability of an OR greater than 1 was above 90% for all priors. The four prior and posterior distributions are shown in Additional file, Figure 2.

Severe sustained hypercapnia and ICU mortality

The proportions of patients with sustained severe hypercapnia decreased progressively from Day 1 to Day 5 but remained present on Day 5 in 12% of our patients. ICU mortality was significantly higher when patients with sustained severe hypercapnia were compared with those without sustained hypercapnia on Day 2 (39% vs. 29%, respectively), Day 3 (42% vs. 27%), Day 4 (46% vs. 24%), and Day 5 (42% vs. 24%); mortality rates increased with time in patients with sustained hypercapnia (Cochrane Armitage test for trend, p< 0.01) (Figure 2). After propensity-score matching, patients with severe hypercapnia on Day 5 had a higher risk of death in the ICU than matched patients without hypercapnia on Day 5 (OR = 1.73, 95% CI 1.02-2.97, p<0.05) (Table 3). Of note, non-pulmonary SOFA scores were significantly higher in patients with sustained hypercapnia (see Additional file, Figure 3).

Ventilatory management of the patients

PaCO2 was correlated with Vt according to PDW but not PH (Supplemental figure 4A and4B).

In addition, there was no significant change in Vte/PBW, RR, and PP noted on day 1 of ARDS during the study period (Supplemental Table 3). Extensive results for ventilator variables recorded from Day 1 to Day 5 for the ARDS patients are shown in Additional file, Table 3.

After comparisons between patients with and without severe hypercapnia, Vte/PBW did not differ significantly between the groups. Plateau pressures were higher in patients with sustained severe hypercapnia than in patients without sustained severe hypercapnia.

Discussion

In our study, we found that severe hypercapnia during the first 24 hours of ICU stay was independently associated with mortality in the ICU in ARDS patients with P/F≤150 mmHg who Page 10 of 38 Respiratory Care ACCEPTED MANUSCRIPT / CLEAN COPY received LPV. The results of the propensity score analysis performed for sustained severe hypercapnia on Day 5 reinforced the observation that a significant retention of CO 2 still present after a few days of MV was associated with the worst outcomes in the ICU. In addition, sustained severe hypercapnia was associated with increased non-pulmonary SOFA scores.

Since all patients included in our study were ventilated as recommended (a tidal volume of 6 mL.kg -1 PBW and plateau pressure less than or equal to 28 cmH 2 O), we believe that sustained hypercapnia could be considered an independent risk factor for mortality.

In a large database of ARDS and non-ARDS mechanically ventilated patients for acute respiratory failure from 2000 to 2013, Tiruvoipati et al. [START_REF] Tiruvoipati | Effects of Hypercapnia and Hypercapnic Acidosis on Hospital Mortality in Mechanically Ventilated Patients[END_REF] found that hypercapnic acidosis and compensated hypercapnia during the first 24 hours of ICU admission were associated with increased hospital mortality. However, the study population included an unknown proportion of ARDS patients since the most common reasons for MV were post cardiac surgery, cardiac arrest, or cardiogenic shock. To the best of our knowledge, only three clinical studies [START_REF] Kregenow | Hypercapnic acidosis and mortality in acute lung injury[END_REF][START_REF] Nin | Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome[END_REF][START_REF] Madotto | Patterns and Impact of Arterial CO2 Management in Patients With Acute Respiratory Distress Syndrome: Insights From the LUNG SAFE Study[END_REF] have focused on the relationship between CO 2 retention and prognosis in ARDS patients, which reported conflicting results. The ARMA trial 14 compared 12 to 6 mL.kg -1 PBW of Vt and reported that 1) hypercapnic acidosis had no effect on mortality in patients who received 6 mL.kg -1 PBW of Vt and that 2) hypercapnic acidosis was associated with reduced 28-day mortality in the group that received 12 mL.kg -1 PBW of Vt. The authors suggested that hypercapnic acidosis had no harmful effect and could protect against ventilator-induced lung injury. In an ancillary study performed from LUNG SAFE population [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] , Madotto F et al. [START_REF] Madotto | Patterns and Impact of Arterial CO2 Management in Patients With Acute Respiratory Distress Syndrome: Insights From the LUNG SAFE Study[END_REF] reported an association between ICU mortality and hypocapnia within the first two days of MV.

Significant differences in the ventilator management strategies could be responsible for these discrepant results. For instance, in the LUNG SAFE study, patients with a PaO 2 /FiO 2 > 150 mmHg were included and could be under non-invasive ventilation or ventilated with 8 mL.kg -1 or more of tidal volume. Furthermore, less than one-third of the included patients had their plateau pressure recorded; 21.7% of the patients received neuromuscular blockades and less than 10% were in prone positioning. Finally, our findings are in accordance with those previously published by Nin N et al. [START_REF] Nin | Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome[END_REF] , who assessed the impact of hypercapnia on the first 48 hours of MV only while in more than 10% of the patients Vt was greater than 8 ml/kg.

In a recent meta-analysis, Gendreau et al found also that hypercapnia was associated with mortality in ARDS patients receiving identical ventilation strategies [START_REF] Gendreau | The role of acute hypercapnia on mortality and short-term physiology in patients mechanically ventilated for ARDS: a systematic review and meta-analysis[END_REF] . However, because of the observational and retrospective nature of the study, we cannot determine causal relationship between severe hypercapnia and ICU mortality. Nevertheless, the question is raised to determine whether severe hypercapnia is a causal agent for mortality or only a marker of ARDS severity. Ventilatory ratio, a surrogate of dead space which is a prognostic factor in ARDS was significantly higher in patients with severe hypercapnia. This result suggests that hypercapnia was only a marker of severity. Nevertheless, severe hypercapnia on day 1 of ARDS remained associated with mortality after adjustment on ventilator ration and was also associated on day 5 after that patients were matched on variables including ventilator ratio. Consequently, harmful effects of hypercapnia cannot be excluded. The use of different animal models has led to the publication of contradictory results on the effects of hypercapnia [START_REF] Barnes | Re-examining Permissive Hypercapnia in ARDS: A Narrative Review[END_REF][START_REF] Masterson | Hypercapnia: clinical relevance and mechanisms of action[END_REF][START_REF] Repessé | Hypercapnia during acute respiratory distress syndrome: the tree that hides the forest![END_REF][START_REF] Morales-Quinteros | The role of hypercapnia in acute respiratory failure[END_REF] . The main reported short-term harmful effect of hypercapnia was alveolar epithelial cell dysfunction through inhibition of the NF-κB pathway 35 . This impaired cell function leads to decreased alveolar fluid reabsorption and tissue repair 36,37 . As reported in a randomized animal study, prolonged hypercapnic acidosis was associated with more structural damage and lower static compliance than normocapnia and worsened bacterial infection-induced lung injury 38 .

Interestingly, it has been suggested that acidosis may have more deleterious effects than hypercapnia, leading authors to suggest to conduce LPV with pH for target in patients with respiratory acidosis [START_REF] Fortuna | What about permissive acidosis?[END_REF] . However unlike PaCO2, pH was not correlated with Vt in our patients.

We believe that our findings have clinical implications. In accordance with the results previously reported by Nin et al. [START_REF] Nin | Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome[END_REF] , PaCO 2 values above 50 mmHg should alert physicians.

Therefore, strategies to control CO 2 retention, based on ventilator management or the extracorporeal elimination of carbon dioxide may have a positive impact on outcomes. However, it remains to be demonstrated that the sustained normalization of PaCO2 may improve the prognosis of patients with ARDS 39 .

Strengths and limitations

We report a large population of patients with moderate to severe ARD manage homogeneously for mechanical MV. Employing frequentist analysis and Bayesian analysis, we found that severe hypercapnia was associated with ICU mortality. In addition, patients were assessed for hypercapnia on the first five days MV, longer than most previous studies. Because of its observational nature, our study has a number of limitations. First, only associations, and not causal inference, can be drawn from the findings. The study period is long and an historical bias cannot be excluded, especially because of changes in the management of MV. However, year of admission was taken into account in analyses and we did not observe changes in Vt during the study period. Secondly, the study was conducted in a single centre; thus, the results may not be applicable to other hospitals. Despite adjustments for variables that are potentially associated with prognosis and CO 2 retention, we cannot exclude the possibility that unmeasured confounders could have influenced the relationship between severe hypercapnia and ICU mortality. Ventilator parameters were documented several times daily but not the results of arterial blood gases; consequently, we were unable to determine if severe hypercapnia was seen throughout the day of sampling or only during a short period of the day. The highest, but not the lowest, PaCO 2 values were recorded; consequently, the impact of hypocapnia was probably underestimated.

Conclusions

Our results suggest that severe hypercapnia in moderate to severe ARDS patients receiving LPV is associated with ICU mortality and that mortality increases with the duration of severe hypercapnia. Our results deserve further evaluation of the strategies and treatments aiming to control CO 2 retention. 
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Patients compared for ICU mortality rates based on whether sustained severe hypercapnia was noted on each of the first five days after ARDS diagnosis 
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Table 1 :

 1 Baseline characteristics of patients, reason for ARDS, and interventions ARDS, acute respiratory distress syndrome; IQR, interquartile range; RSC, respiratory system compliance; SAPS, simplified acute physiology score; SD, standard deviation; SOFA, sequential organ failure assessment; COPD, chronic obstructive pulmonary disease.

	PaCO 2 ≥ 50 mmHg Day 1	P value
	Yes	No
	n= 552	n= 378

Table 2 :

 2 Odds ratio, 95% Credible Interval, and probability that severe hypercapnia is greater than specified thresholds

	Death in the ICU

Table 3 :

 3 Comparison of patients according to severe hypercapnia on day 5 after matching* variables used for propensity score matching: age, sex, SAPS II score, and respiratory rate, PaO2/FiO2 ratio, respiratory system compliance, driving pressure, and ventilator ratio recorded or calculated at day 1 of ARDS.

	Sustained PaCO 2 ≥ 50 mmHg at Day 5	P value
	Yes	No
	n= 93	n= 186

*
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data. The datasets generated during and/or analysed during the current study are available from the corresponding author on reasonable request.

Quick Look

Current knowledge:

Recent evidence suggests that hypercapnia could have harmful clinical effects in patients with ARDS. The impact of hypercapnia on the outcomes of ARDS patients has been mostly assessed in studies including patients not managed uniformly for mechanical ventilation.

What This Paper Contributes To Our Knowledge:

In ARDS patients who all received lung protective ventilation, PaCO2 equal or higher than 50 mmHg on the first day of ARDS is associated with mortality in the Intensive care Unit. Each prior distribution represents a belief about the probability that severe hypercapnia is associated with death in the ICU. A: "sceptic" prior (severe hypercapnia is not associated with ICU mortality); B, neutral prior; C, "optimistic" prior (hypercapnia is associated with mortality in the ICU); D, null prior in which all effects size were equally plausible. 

STROBE Statement-Checklist of items that should be included in reports of cohort studies

Supplemental figure 3

Supplemental table 2:

Expiratory tidal volume (Vte) according to predicted body weight (PBW), respiratory rate, and plateau pressure recorded on day 1 of ARDS each year of the study period. Data are presented as medians and interquartile ranges (IQR). Supplemental Table 3 Supplemental Table 3: Ventilatory variables compared each day from day 1 to day 5 of ARDS whether patients presented or not the day of assessment severe sustained hypercapnia