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Effect of non-invasive ventilation after extubation in critically ill patients with obesity in France: a multicentre, unblinded, pragmatic randomised clinical trial
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Introduction

The growing obesity epidemic worldwide has been well documented.1 Patients with obesity can become critically ill and require invasive mechanical ventilation.2,3 Following amelioration of the conditions that led to mechanical ventilation, the process of weaning ensues, culminating in extubation. The need for reintubation after extubation and discontinuation of mechanical ventilation is not uncommon and is associated with increased mortality. [START_REF] Jong | How to ventilate obese patients in the ICU[END_REF][START_REF] Maggiore | Ventilatory support after extubation in critically ill patients[END_REF] Non-invasive ventilation (NIV)6,7 has been used to prevent acute respiratory failure in selected patients who are critically ill.8,9 Physiological effects of NIV, providing positive pressure, are more important in patients with obesity,4 suffering from reduced functional residual capacity and propension to atelectasis. Observational studies with low level of proof have suggested the superiority of NIV over standard oxygen (providing no positive pressure) to reduce acute respiratory failure following extubation of patients with obesity.4,10 Highflow nasal oxygen (HFNO), providing warm and humidified gas, with very low positive pressure, has been introduced and increasingly used over the past decade.11-13 In a post-hoc analysis of a randomised multicentre controlled trial of postoperative thoracic patients,14 NIV seemed to be not superior to HFNO among the 272 patients with obesity. The primary outcome was treatment failure within 3 days defined as reintubation, switch to the other study treatment, or premature treatment discontinuation. However, in another randomised controlled trial performed in patients with obesity following cardiac surgery,15 no difference was reported between HFNO and standard oxygen to prevent acute respiratory failure. The literature available regarding respiratory support after extubation in patients with obesity reports conflicting results. However, none of these studies compared in the same randomised controlled trial all the devices available: NIV on one side (alternating with HFNO or standard oxygen, allocated after randomisation) and oxygen therapy alone on the other side (HFNO or standard oxygen, allocated after randomisation). [START_REF] Jung | Ten tips to optimize weaning and extubation success in the critically ill[END_REF] To summarise, the best after-extubation strategy in critically ill patients with obesity is currently unknown. No conclusive evidence is available at present in literature, regarding the effectiveness of using NIV after extubation. We designed the study to compare two strategies: one with positive pressure (NIV group) versus one without or very low positive pressure (oxygen therapy group).

To determine whether NIV could reduce the rate of treatment failure in comparison with oxygen therapy within 3 days after extubation of critically ill patients with obesity, we conducted the non-invasive ventilation versus oxygen therapy after extubation in patients with obesity in intensive care units (EXTUB-OBESE) trial. We hypothesised that NIV could reduce the rate of treatment failure in comparison with continuous oxygen therapy alone in patients with obesity within 3 days after extubation in an intensive care unit (ICU).

Methods

Study design

We conducted a multicentre, parallel-group, unblinded, pragmatic, randomised trial comparing prophylactic NIV applied immediately after extubation alternating with HFNO or standard oxygen between NIV sessions (NIV group) with oxygen therapy alone (oxygen therapy group, HFNO or standard oxygen). The trial was approved for all centres by a central Ethics Committee (Comité de Protection des Personnes Ile de France V, France, 2019-A00956-51) according to French law. Written informed consent was required before the first inclusion in the trial. Gender data were collected as stated in the medical record of the patient. The protocol and statistical analysis plan have been published.17

Participants

The trial was conducted in 39 French ICUs (appendix pp 12-13). Patients were eligible for participation in the trial if they were older than 18 years of age, admitted to the ICU and covered by public health insurance. Patients were included in the trial if they met criteria for extubation in ICU after a period of mechanical ventilation of more than 6 h and had obesity, defined by a body-mass index (BMI) of 30 kg/m² or higher on the day of extubation. Patients were excluded if they had hypercapnia before extubation (partial pressure of carbon dioxide, PaCO2 ≥50 mm Hg before extubation, which is a mandatory indication for NIV after extubation, an arterial blood gas was not mandatory and its realisation was left at the clinician appreciation in case of suspected hypercapnia); isolated cardiogenic pulmonary oedema; a tracheotomy; home ventilation (defined as NIV, which delivers two positive levels of pressure, or as continuous positive airway pressure [CPAP], which delivers only one positive level of pressure for obstructive sleep apnoea syndrome or obesity hypoventilation syndrome); endof-life decision with decision of "do not reintubate"; anatomical factors precluding the use of NIV or HFNO; and previous extubation during the same ICU stay with previous inclusion in the study. Complete lists of inclusion and exclusion criteria are provided in appendix (pp 4-5).

Randomisation and masking

Two randomisations were performed. Patients first underwent central randomisation (1:1) to receive either NIV (NIV group) or oxygen therapy (oxygen therapy group) and a subsequent second central randomisation (1:1) that determined the method of oxygen administration in each group: HFNO or standard oxygen. Randomisation was done using a computer-generated and blinded assignment sequence, stratified by the length of mechanical ventilation at the centre (<48 h vs ≥48 h), the type of admission (surgical vs medical), and the centre, balanced with minimisation with a deterministic algorithm.18 Blinding of the intervention was not possible, but treatment assignments were concealed from the statistician. The analyses were performed by the statisticians with the names of the treatment groups masked. The research team who assessed the outcomes were aware of study group assignments. It was not a factorial design, since the second randomisation assigned only the type of oxygen administration.

Procedures

In the NIV group, the first NIV session was offered to the patient within 30 min after extubation. Recommended positive end-expiratory pressure value was set to 10 cm H2O. The value of pressure support was set to obtain a respiratory rate between 20 and 30 breaths per min and an expired tidal volume between 6 mL/kg and 8 mL/kg of predicted bodyweight. The recommended length of the intermittent NIV sessions was standardised as follows: sessions of 30-60 min spread through the day and night for a cumulated time of at least 4 h with no upper limit during the first 24 h. In both groups, HFNO was administered at a flow of 50 L/min during the first 24 h, with a fractional inspired oxygen concentration (FiO2) set to target oxygen saturation (SpO2 ≥94%). After 24 h, the device was pursued if the patient still needed oxygen, until ICU discharge or the absence of need of oxygen. The follow-up was stopped at 3 months. Details regarding the interventions and switch from one group to another group (NIV to oxygen therapy and vice versa) are provided in the appendix (pp 5-7).

Outcomes

The primary outcome was treatment failure rate within 3 days after extubation, a composite of reintubation for mechanical ventilation, switch to the other study treatment, or premature study-treatment discontinuation (at the request of the patient or for medical reasons such as gastric distension).19 For a given patient, only one component of the composite outcome was considered in the following order: first reintubation, then in absence of reintubation switch to the other study treatment, then premature study-treatment discontinuation.

The prespecified secondary outcome was incidence of acute respiratory failure within 7 days after extubation (additional details regarding acute respiratory failure definition are provided in appendix). Other outcomes were evaluated as prespecified exploratory clinical outcomes: oxygenation evaluated by the ratio of pressure of arterial oxygen (PaO2) to FiO2 (PaO2/FiO2) until day 7, organ failure until day 7 assessed with the sequential organ failure assessment (SOFA) score, reintubation rates within 7 days, 14 days, and 28 days after extubation, length of stay in ICU and in hospital, ICU mortality rate, and day-28 and day-90 mortality rates. No severe adverse events (death or cardiac arrest during the interventions) were reported.

Statistical analysis

Details regarding the determination of the sample size have been reported previously.17 Assuming a composite outcome rate of 12% in the oxygen therapy group20 and 6% in the NIV group,10 we determined that the enrolment of 954 patients would provide a power of 80% at a two-sided α level of 0•05 to detect an absolute between-group difference of 6 percentage points in the composite outcome. To take into account loss of follow-up and withdrawal of consents, we planned to include 1000 patients.

The first primary outcome analysis was an unadjusted, intention-to-treat comparison of the primary outcome rate among patients in the two trial groups with the use of the uncorrected χ² square test. The absolute difference, relative risk, and corresponding 95% CIs were calculated. Prespecified subgroups derived from randomisation (HFNO vs standard oxygen), stratification (medical vs surgical, length of ventilation <48 h vs ≥48 h) and subgroup (SARS-CoV-2 infection) variables were displayed as a forest plot. A logistic regression was used for the primary outcome analysis with odds ratio of primary outcome calculation after adjustment on confounding variables despite the randomisation. An unadjusted Kaplan-Meier plot was performed for cumulative incidence of primary outcome (treatment failure within 3 days after extubation), followed by a Cox model, before and after adjustment. An unadjusted Kaplan-Meier plot was also performed for cumulative incidence of reintubation within 3 days.

A second prespecified primary outcome analysis was a per-protocol analysis, after excluding the patients with reintubation for surgical procedures without criteria of acute respiratory failure, with BMI less than 30 kg/m² or with home ventilator.

A third post-hoc analysis of the reintubation rate was conducted given the number of switch (crossover) procedures from the oxygen therapy group to NIV group (post-hoc crossover analysis). We reallocated in the NIV group the patients that received rescue NIV in the oxygen therapy group (whether followed by reintubation within 3 days after extubation or without subsequent intubation), and computed the reintubation rate in patients who actually received NIV, compared with patients who received oxygen therapy only. [START_REF] Combes | Extracorporeal membrane oxygenation for severe acute respiratory distress syndrome[END_REF] Relative risks and absolute differences in primary, secondary, and exploratory outcomes were reported with the use of point estimates and 95% CIs. To adjust for multiple testing for the exploratory outcomes, we reported the false discovery rate using the linear step-up method of Benjamini and Hochberg.22 There was no imputation for missing data. A post-hoc analysis was done for the cumulative incidence of reintubation within 28 days, per study group, using the log-rank test. A Cox model was performed without adjustment. A sensitivity analysis was performed for the primary, secondary, and exploratory outcomes after adjustment for the stratification variables. All analyses were done with the use of SAS Enterprise Guide (version 7.13) or statistical software R (version 4.0.3; R Foundation for Statistical Computing). There was no data monitoring committee. Additional details regarding the statistical analysis are provided in appendix. This study is registered with ClinicalTrials.gov, NCT04014920.

Role of the funding source

The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. 

Results

From Oct 2, 2019, to July 17, 2021, of the 1650 screened patients who met the inclusion criteria, 981 (59%) were enrolled (figure 1). A total of 490 patients were assigned to the NIV group and 491 were assigned to the oxygen therapy group. The characteristics of the patients at baseline were well balanced between the two treatment groups (see table 1 and appendix [pp 14 -16] for additional characteristics at baseline, arterial blood gases, and spontaneous breathing trial characteristics). Characteristics of NIV and oxygen therapy are presented in the appendix (pp 17-18).

In the intention-to-treat analysis, 66 (13%) of 490 patients in the NIV group had treatment failure within 3 days compared with 130 (26•5%) of 491 patients in the oxygen therapy group (absolute risk difference -13•0, 95% CI -17•9 to -8•1; relative risk 0•43, 95% CI 0•31 to 0•60; p<0•0001; table 2). The method of oxygen delivery, while on oxygen therapy (HFNO vs standard oxygen) did not modify the effect of NIV group on the treatment failure rate (figure 2, p for interaction=0•50). Treatment failure rate for each method of oxygenation is presented in the appendix (p 19). None of the prespecified characteristics, including length of mechanical ventilation, type of admission, or SARS-CoV-2 infection appeared to modify the effect of NIV group on the rate of treatment failure (figure 2).

After adjustment for baseline covariates (SARS-CoV-2 infection and simplified acute physiology score II ≥41) and centre effect, the frequency of treatment failure was still lower in the NIV group than in the oxygen therapy group (adjusted odds ratio 0•42, 95% CI 0•30-0•59; p<0•0001; appendix, p 20). Similarly, cumulative incidence of treatment failure within 3 days after extubation was significantly lower in the NIV group, in comparison with the oxygen therapy group (hazard ratio [HR]=0•48, 95% CI 0•36-0•64, p<0•0001; figure 3A and appendix, p 21). The results of the per-protocol analysis were consistent with those of the primary intention-totreat analysis (appendix pp [START_REF] Arabi | Interferon Beta-1b and lopinavir-ritonavir for Middle East Respiratory Syndrome[END_REF][START_REF] Thille | Beneficial effects of noninvasive ventilation after extubation in obese or overweight patients: a post hoc analysis of a randomized clinical trial[END_REF].

The reintubation rate within 3 days was 48 (10%) in the NIV group and 59 (12%) in the oxygen therapy group (p=0•26) in the intention-to-treat analysis (table 2). Cumulative incidence of reintubation within 3 days after extubation did not differ between the NIV oxygen therapy group (HR=0•80; 95% CI 0•55 to 1•18; p=0•26, figure 3B).

The reintubation rate within 3 days after extubation was lower in the NIV group than in the oxygen therapy group in the per-protocol analysis (31 [7%] of 466 patients in the NIV group vs 49 [10%] of 473 patients in the oxygen therapy group , p=0•042, appendix p 22) and in the post-hoc crossover analysis (51 [9%] of 560 patients in the NIV group vs 56 [13%] of 421 patients in the oxygen therapy group, p=0•037). After per-protocol analysis, cumulative incidence of reintubation within 3 days after extubation was lower in the NIV group than in the oxygen therapy group (HR=0•63; 95% CI 0•40 to 0•99; p=0•04, figure 3C). Crossover to NIV group occurred 29 h (SD 17) after randomisation in 70 patients (14%) in the oxygen therapy group, with 67 of these patients receiving rescue therapy without subsequent intubation. After reallocating the patients receiving rescue therapy in the oxygen therapy group (70 patients) to the NIV group in the post-hoc crossover analysis, cumulative incidence of reintubation within 3 days after extubation was lower in the NIV group than in the oxygen therapy group (HR=0•67; 95% CI 0•46 to 0•97; p=0•03, figure 3D). Cumulative incidence of reintubation within 3 days after per-protocol analysis; per-protocol analysis excluded the patients with reintubation for surgical procedures without criteria of acute respiratory failure, with BMI less than 30 kg/m² or with home ventilator. (D) Cumulative incidence of reintubation within 3 days after post-hoc crossover analysis. Crossover to NIV group occurred 29 h (SD 17) after randomisation in 70 (14%) patients in the oxygen therapy group, with 67 of these patients with rescue therapy without subsequent intubation. After reallocating the patients switched from oxygen therapy to NIV (70 patients) in the NIV group, cumulative incidence of reintubation within 3 days after extubation after posthoc crossover analysis was lower in the NIV group, in comparison with the oxygen therapy group. HR=hazard ratio. NIV=non-invasive ventilation.

----54 (11%) patients in the NIV group had acute respiratory failure within 7 days after extubation, as compared with 70 (14%) patients in the oxygen therapy group (absolute risk difference -3•2; 95% CI -7•4 to 0•9; relative risk 0•75, 95% CI 0•51 to 1•09; p=0•13; table 2 and appendix p 19 for each method of oxygenation in appendix). The delay between extubation and the occurrence of acute respiratory failure in those who had respiratory failure, did not differ between groups (1•88 days [SD 1•71] in the NIV group and 1•84 days [1•62] in the oxygen therapy group; p=0•93). The causes of acute respiratory failure did not differ between groups (appendix p 23).

The NIV group and the oxygen therapy group did not significantly differ regarding the incidence of reintubation rates within 7 days, 14 days, or 28 days after extubation (appendix p 26), length of ICU or hospital stay, or day-28 and day-90 mortality rates (table 2). The PaO2 to FiO2 ratio and SOFA scores did not differ between groups from day 0 to day 7 (appendix pp [START_REF] Grieco | Preemptive noninvasive ventilation to facilitate weaning from mechanical ventilation in obese patients at high risk of reintubation[END_REF][START_REF] Jaber | Preventive or curative postoperative noninvasive ventilation after thoracic surgery: still a grey zone?[END_REF]. No death or cardiac arrest was recorded. The exploratory outcomes rates for each method of oxygenation are presented in the appendix (p 19).

The results of the per-protocol analysis were consistent with those of the primary intention-to-treat analysis (appendix p 22), as the results of the analyses adjusted for the stratification variables (appendix p 24).

Discussion

In this multicentre, randomised trial, performed in critically ill adults with obesity undergoing endotracheal extubation, the use of NIV resulted in a significantly lower primary outcome (defined as treatment failure) than did the use of oxygen therapy, whether HFNO or standard oxygen. The results suggest that for every eight critically ill patients with obesity undergoing endotracheal extubation, using NIV would prevent treatment failure in one patient. Moreover, the effects were consistent across subgroups, defined according to the presence of SARS-CoV-2 infection, type of admission, and length of mechanical ventilation.

To our knowledge, this is the first study performed in critically ill patients with obesity that assessed the older and the most recent methods of oxygen administration and ventilatory support following extubation. Surgical and medical patients (including patients with and without SARS-CoV-2 infection) were both assessed, irrespective of the duration of invasive mechanical ventilation.

Two methods are now largely used for oxygen therapy in clinical practice: HFNO and standard oxygen administration. In this pragmatic study, we first compared NIV with oxygen therapy through the first randomisation, and thereafter assessed the interaction between the method of oxygen therapy (second randomisation, HFNO vs standard oxygen) and treatment failure rate.

Contemporary strategies to improve clinical trial design for critical care research include the choice of an appropriate study outcome reflecting the real life and, therefore, the real efficiency of a treatment in clinical practice. [START_REF] Harhay | Contemporary strategies to improve clinical trial design for critical care research: insights from the First Critical Care Clinical Trialists Workshop[END_REF] For these reasons, we chose a pragmatic composite primary outcome that was previously used in the multicentre randomised trial of Stephan and colleagues. [START_REF] Stephan | High-flow nasal oxygen vs noninvasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: a randomized clinical trial[END_REF] As NIV might be associated with premature discontinuation of study treatment (at the request of the patient or for medical reasons such as gastric distension), it was mandatory to take premature study treatment discontinuation into account. [START_REF] Stephan | High-flow nasal oxygen vs noninvasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: a randomized clinical trial[END_REF] Similarly, a change in study treatment was allowed as a rescue therapy before reintubation of a patient,19 as it is the case in real life.24 For this reason, no switch was observed from NIV to oxygen therapy (table 2), as it is not done in routine practice to avoid intubation. Accordingly, treatment failure at the bedside (the primary outcome) was defined as a composite of reintubation, change of study treatment, or premature discontinuation of study treatment, as previously reported. [START_REF] Stephan | High-flow nasal oxygen vs noninvasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: a randomized clinical trial[END_REF] Most of the difference in the primary outcome was due to patients in the oxygen therapy group switching to NIV, and more evidence is needed to conclude that an NIV strategy leads to improved patient-centred outcomes. Reintubation rate did not differ between groups in the intention-to-treat analysis, which highlights the potential bias associated with the inclusion of treatment switching or discontinuation in the definition of the primary outcome. However, this outcome was previously used in a large multicentre trial performed in the field of preventive and curative NIV. [START_REF] Stephan | High-flow nasal oxygen vs noninvasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: a randomized clinical trial[END_REF] Moreover, the per-protocol analysis and a post-hoc crossover analysis, in which patients who switched from oxygen therapy to NIV for rescue therapy were reallocated to the NIV group, the NIV group had a significantly lower rate of reintubation within 3 days.

Our results are consistent with the results in the published literature. Observational studies have suggested superiority of NIV over standard oxygen following extubation of critically ill patients with obesity.2,4,10 In the post-hoc analysis of the multicentre trial of Thille and colleagues25 comparing NIV (alternating with HFNO) with HFNO alone after extubation in patients with obesity,26 the rates of reintubation within 7 days after extubation were significantly lower in the NIV alternating with HFNO group than in the HFNO alone group. In that trial, NIV alternating with standard oxygen or standard oxygen alone were not assessed. [START_REF] Grieco | Preemptive noninvasive ventilation to facilitate weaning from mechanical ventilation in obese patients at high risk of reintubation[END_REF] All these results are supported by physiological data about NIV use in patients with obesity. Patients with obesity have a decreased pulmonary and thoracic compliance and a reduction of functional residual capacity compared with patients without obesity.4 They are therefore prone to atelectasis, a risk factor for reintubation.10 Obstructive apnoea syndrome is more frequent in patients with obesity, and it is often underdiagnosed.12 For all these reasons, NIV, which consists of delivery of pressure support ventilation plus positive end-expiratory pulmonary pressure, is likely to prevent or reverse atelectasis formation in patients with obesity, increase lung ventilation, and therefore decrease the incidence of treatment failure after extubation.4 In the current study, it is worth noting that NIV was provided in a preventive, rather than curative, way. As this strategy was applied to avoid occurrence of acute respiratory failure, and not to treat acute respiratory failure, the sessions were shorter and more spaced, to be better tolerated by the patient.28 Ventilatory support was still provided, as shown by several physiological studies.4,28 However, we cannot exclude that longer durations of NIV might have further improved outcomes.

Our trial has several strengths and limitations. To our knowledge, this is the first randomised controlled trial with a large sample size evaluating the effect of NIV after extubation in patients with obesity. The trial design included randomisation to balance baseline confounders and was conducted at multiple centres to increase generalisability. However, almost 50% of the patients were enrolled in six of the 39 participating centres. Together with the unblinded design of the study,29 and the lack of systematic spontaneous breathing trial performed, this issue could potentially have affected the outcome. The inclusion criteria were wide, including both surgical and medical patients, with short and long duration of ventilation, and patients with and without SARS-CoV-2 infection. The subgroup analyses of the primary outcome showed no modification of treatment effect by these patient characteristics. Rates of missing data were low. However, the study was not designed nor powered to conclude on the prespecified strata and the results should be considered exploratory. Moreover, mixing surgical and medical patients can be confounding providing that the pathophysiology and the aetiology of the respiratory failure can be very different. A second limitation is that the most frequent reason for intubation was a procedure, which is biased toward surgical patients who are likely to turnaround more quickly than medical ICU patients with their many comorbidities. However, no modification of treatment effect was observed according to the medical or surgical status of patients. Another limitation is that most patients were intubated for acute respiratory failure or for a procedure, which are very broad categories. Specific types of acute respiratory failure or specific procedures were not recorded.

In summary, in this multicentre, randomised trial involving critically ill adults with obesity undergoing extubation, the use of NIV following extubation was associated with reduced treatment failure within 3 days when compared with the use of oxygen therapy alone (HFNO or standard oxygen). Our findings have important implications, for informing clinicians and policy makers with respect to the most appropriate after-extubation strategy in critically ill patients with obesity. Furthermore, centres should consider developing systematic NIV use and assess long-term outcomes after applying this extubation strategy in patients with obesity.
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 1 Figure 1: Trial profile NIV=non-invasive ventilation. HFNO=high-flow nasal oxygen.

Figure 2 :

 2 Figure 2: Subgroup analyses of the primary outcome None of the prespecified characteristics, including length of mechanical ventilation, type of admission, or SARS-CoV-2 infection appeared to modify the effect of NIV group on the treatment failure rate. NIV=noninvasive ventilation.

Figure 3 :

 3 Figure 3: Kaplan-Meier plots (A) Cumulative incidence of treatment failure within 3 days after extubation in the intention-to-treat analysis). (B) Cumulative incidence of reintubation within 3 days after extubation in the intention-to-treat analysis. (C) Cumulative incidence of reintubation within 3 days after per-protocol analysis; per-protocol analysis excluded the patients with reintubation for surgical procedures without criteria of acute respiratory failure, with BMI less
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