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II. MATERIAL AND

Norepinephrine infusion at the time of extubation should not delay extubation in patients with obesity in ICU I. INTRODUCTION A. Prevalence of obesity and its impact on ICU admissions and complications

During the last thirty years, a significant increase in the prevalence of obesity has been observed

around the world [START_REF] Ncd-Risk | Trends in adult body-mass index in 200 countries from 1975 to 2014: a pooled analysis of 1698 population-based measurement studies with 19.2 million participants[END_REF][START_REF] Lobstein | World Obesity Atlas[END_REF][START_REF] Anderson | Impact of Obesity in Critical Illness[END_REF]. Among weight-loss solutions, surgery is more and more popular [START_REF] Jong | How can I manage anaesthesia in obese patients?[END_REF].

Bariatric surgery and associated complications are becoming increasingly frequent issues in intensive post-operative care [START_REF] Montravers | What's new in postoperative intensive care after bariatric surgery?[END_REF]. All in all, as obesity contributes to many diseases and is associated with higher all-cause mortality in the general population [START_REF] Flegal | Association of all-cause mortality with overweight and obesity using standard body mass index categories: a systematic review and meta-analysis[END_REF][START_REF] Comes | Association of BMI and Change in Weight With Mortality in Patients With Fibrotic Interstitial Lung Disease[END_REF], patients with obesity often experience medical or surgical illnesses leading to intensive care unit (ICU) admission [START_REF] Anderson | Impact of Obesity in Critical Illness[END_REF][START_REF] Pepin | Prevention and care of respiratory failure in obese patients[END_REF].

In ICU patients with obesity, acute respiratory failure incidence, length of mechanical ventilation and length of stay are increased [START_REF] Anzueto | Influence of body mass index on outcome of the mechanically ventilated patients[END_REF][START_REF] Bazurro | Perioperative management of obese patient[END_REF].

B. Challenges and considerations in weaning and extubation of obese patients

In that respect, weaning and extubation of patients with obesity are challenging issues for the bedside physician [11][START_REF] Jong | How to ventilate obese patients in the ICU[END_REF][START_REF] Jung | Ten tips to optimize weaning and extubation success in the critically ill[END_REF]. It requires expert clinical judgement to optimize the timing of successful liberation from invasive ventilation [11,[START_REF] Jung | Ten tips to optimize weaning and extubation success in the critically ill[END_REF]. On the one hand, mechanical ventilation is associated with time-dependent complications, including ventilator-associated pneumonia and increased mortality [START_REF] Thille | The decision to extubate in the intensive care unit[END_REF]. On the other hand, extubation failure is associated with poor outcomes, longer ICU length of stay and higher mortality [START_REF] Jung | Ten tips to optimize weaning and extubation success in the critically ill[END_REF][START_REF] Thille | The decision to extubate in the intensive care unit[END_REF][START_REF] Godet | Extubation Failure in Brain-injured Patients: Risk Factors and Development of a Prediction Score in a Preliminary Prospective Cohort Study[END_REF][START_REF] Ionescu | Extubation Failure in Critically Ill COVID-19 Patients: Risk Factors and Impact on In-Hospital Mortality[END_REF][START_REF] Quintard | Experts' guidelines of intubation and extubation of the ICU patient of French Society of Anaesthesia and Intensive Care Medicine (SFAR) and French-speaking Intensive Care Society (SRLF)[END_REF]. According to the European -American Task force published in 2007 about weaning from mechanical ventilation [START_REF] Boles | Weaning from mechanical ventilation[END_REF], among the conditions which should be assessed before starting with the weaning process preceding the extubation procedure, particular emphasis is given to the presence of "adequate mentation", "adequate oxygenation and respiratory function" and "clinical stability" in terms of stable cardiovascular status, in addition to the resolution of the disease process.

C. Relationship between cardiovascular stability, vasoactive agents, and weaning and extubation outcomes

Whereas the impact of the neurological readiness -both neuromuscular and neuropsychological - [START_REF] Cinotti | Extubation in neurocritical care patients: lesson learned[END_REF][START_REF] Cinotti | Extubation in neurocritical care patients: the ENIO international prospective study[END_REF] and respiratory readiness [START_REF] Terzi | What's new in management and clearing of airway secretions in ICU patients? It is time to focus on cough augmentation[END_REF] seems to be more intuitive and has been extended evaluated, less is known about the relationship between the cardiovascular stability, the use of vasoactive agents and the readiness to wean [START_REF] Jong | How to optimize extubation?[END_REF].

From a pathophysiological point of view, the weaning process and the extubation procedure are associated with an increased cardiac workload due to the transfer of a patient from positive pressure ventilation to spontaneous ventilation, and to the increased metabolic demand of the weaning process [START_REF] Jung | Ten tips to optimize weaning and extubation success in the critically ill[END_REF][START_REF] Goudelin | Left ventricular overloading identified by critical care echocardiography is key in weaning-induced pulmonary edema[END_REF][START_REF] Ferre | Lung ultrasound allows the diagnosis of weaning-induced pulmonary oedema[END_REF]. The use of vasoactive agents -in particular norepinephrine -may divert blood flow to vital organs than skeletal muscles [START_REF] Backer | Effects of dopamine, norepinephrine, and epinephrine on the splanchnic circulation in septic shock: which is best?[END_REF] and may increase cardiac workload due the increase in afterload, both leading to cardiac disfunction and thus to weaning failure, which may manifest as extubation failure. On the other hand, norepinephrine is a widely used drug in the critical care setting, finding application to different situations ranging from acute hypotensive state to refractory shock [START_REF] Jentzer | Pharmacotherapy update on the use of vasopressors and inotropes in the intensive care unit[END_REF], and finding particular use in the context of septic shock [START_REF] Bakker | Current practice and evolving concepts in septic shock resuscitation[END_REF][START_REF] Evans | Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021[END_REF], due to its pharmacokinetic properties [START_REF] Bakker | Current practice and evolving concepts in septic shock resuscitation[END_REF]. Delaying the extubation because of the use of norepinephrine may be associated with worse outcomes due to an increase of length of invasive mechanical ventilation in a patient ready to be liberated from invasive mechanical ventilation [START_REF] Chanques | Immediate interruption of sedation compared with usual sedation care in critically ill postoperative patients (SOS-Ventilation): a randomised, parallel-group clinical trial[END_REF].

In the literature, two studies have assessed the rate of reintubation according to the presence of norepinephrine at extubation. One study published in 2008 [START_REF] Teixeira | Noradrenaline use is not associated with extubation failure in septic patients[END_REF] including 145 ICU patients recovering from septic shock reported the same rate of extubation failure in patients extubated with and without low to moderate dose of norepinephrine infusion, concluding that low doses of noradrenaline may not preclude weaning from mechanical ventilation. A recent study [START_REF] Zarrabian | Liberation from Invasive Mechanical Ventilation with Continued Receipt of Vasopressor Infusions[END_REF] suggested that extubation on low dose vasopressors (⩽0.1 mcg/kg/min) could be safe and associated with a lower mortality and a shorter ICU length of stay. On the contrary, extubation on high-dose vasopressors (>0.1 mcg/kg/min) was associated with a greater hazard of reintubation compared with extubation after vasopressor discontinuation.

Nevertheless, the exact relationship between the use of vasoactive agents and the actual weaning and extubation outcome in patients with obesity has not been assessed. The dose of vasopressors -according to real, adjusted or predicted body weights-to consider at extubation in patients with obesity remains also unknown.

We then hypothesized that extubation with norepinephrine infusion could lead to an increase of reintubation rate in patients with obesity, compared to the reintubation rate in patients with no norepinephrine infusion, and that this rate would differ according to the norepinephrine dose and the weaning time of norepinephrine after extubation.

We addressed our hypothesis with a superiority single-center study, performing a retrospective analysis of prospectively collected data to compare reintubation failure rate and others different outcomes of extubation procedures in ICU, in patients extubated with and without norepinephrine infusion.

II. MATERIAL AND METHODS

A. Conduct of the study, patient population and inclusion/exclusion criteria

We performed a retrospective analysis of prospectively collected data from January 

B. Data collection

Members of the clinical team prospectively recorded the data in a standardized manner before, during and after extubation procedures. Members of the research team retrospectively extracted the data from the ICU database. The variables were chosen a priori based on a review of the anesthesia and critical care literature.

Data were recorded at admission, during the ICU stay, the day of extubation procedure, at extubation and after extubation, as detailed in the Tables and Figures of the main manuscript and the supplementary material.

C. Ethics approval

We obtained the approval from the ethic committee (Comité Local d'Ethique Recherche, agreement number: 198711) of the Montpellier University Hospital. The need for informed consent was waived.

D. Definition of groups and subgroups

Patient body weight and height were measured at the time of ICU admission. In accordance with international standards [32], patients with a body mass index (BMI) ≥ 30 kg/m² were defined as with obesity.

The patients with and without obesity included were divided into two main groups according to the presence of norepinephrine on the moment of the extubation procedure: "Extubation with norepinephrine" and "Extubation without norepinephrine". In each group, reintubation was considered as the need to put the patient again under invasive mechanical ventilation after the extubation, in a time lapse between the extubation and the patient's discharge from ICU or death in ICU [START_REF] Jaber | Risk factors and outcomes for airway failure versus non-airway failure in the intensive care unit: a multicenter observational study of 1514 extubation procedures[END_REF].

E. Study endpoints

Primary endpoint was reintubation within 7 days [START_REF] Thille | The decision to extubate in the intensive care unit[END_REF][START_REF] Beduneau | Epidemiology of Weaning Outcome according to a New Definition. The WIND Study[END_REF].

Secondary end points were reintubation within 48 hours, 72 hours, 28 days, average sequential organ failure assessment (SOFA) score at day-1 and at day-7 after extubation, length of ICU stay, ICU mortality rate, need and time to tracheostomy after reintubation, need for noninvasive ventilation (NIV) and High Flow Nasal Cannula (HFNC) after extubation, dose of norepinephrine at the time for extubation (in mg/h and mcg/kg/min according to real body weight, adjusted body weight and predicted body weight) and time for norepinephrine weaning after extubation.

F. Objectives

The primary objective was to compare reintubation within 7 days (primary outcome) between the groups "Extubation with norepinephrine" and "Extubation without norepinephrine" in patients with obesity and without obesity.

Secondary objectives were, in patients with and without obesity:

1. To compare secondary end points, between the groups "Extubation with norepinephrine" and "Extubation without norepinephrine", 2. To perform Kaplan Meier curves for cumulative incidence of reintubation between the groups "Extubation with norepinephrine" and "Extubation without norepinephrine", 3. To determine a threshold of low-dose vs high-dose norepinephrine at extubation and to perform Kaplan Meier curves for cumulative incidence of reintubation in the three groups "extubation without norepinephrine", "extubation with low-dose norepinephrine" and "extubation with highdose norepinephrine", 4. To perform Kaplan-Meier curves of weaning time of norepinephrine after extubation, according to reintubation within Day-7, 5. To perform an adjusted analysis of reintubation within Day-7.

G. Statistical analysis

Considering a mean reintubation rate within 7 days after extubation of 14% [START_REF] Jong | Effect of non-invasive ventilation after extubation in critically ill patients with obesity in France: a multicentre, unblinded, pragmatic randomised clinical trial[END_REF] and expecting a 24% reintubation rate within 7 days in patients extubated with norepinephrine infusion [START_REF] Zarrabian | Liberation from Invasive Mechanical Ventilation with Continued Receipt of Vasopressor Infusions[END_REF], we calculated a sample size of 500 patients with obesity, with an α level of 0.05 and a power of 0.80.

We decided to include a total of 2000 patients (500 patients with obesity and 1500 patients without obesity) to compensate for dropouts and missing data and calculated that 7 years of inclusion would allow to include at least the required number of patients extubated. We only considered the first extubation by patient. One patient could not be included twice.

All the analyses were performed in patients with and without obesity.

First, normally distributed quantitative data were described as mean ± standard deviation (SD)

and compared using Student's t test. If not normally distributed, quantitative data were expressed as median and interquartile range (IQR) and compared using the Mann-Whitney test. Qualitative data were expressed as number (percentage) and compared using the Chi-square test. The description was performed, overall and according to the presence or not of continued norepinephrine at extubation.

Second, primary and secondary endpoints were compared between the groups "Extubation with norepinephrine" and "Extubation without norepinephrine" using a Chi-square test for qualitative endpoints and a Student's t test for quantitative endpoints.

Third, a threshold analysis of norepinephrine doses at extubation was performed according to reintubation within 7 days. After identifying the best threshold, Kaplan Meier curves were performed for cumulative incidence of reintubation, in patients without norepinephrine versus low-dose versus high-dose norepinephrine at extubation.

Fourth, an unadjusted Kaplan Meier curve was performed for cumulative incidence of weaning of norepinephrine after extubation, in patients with and without reintubation within 7 days. Hazard ratios (HR) with confidence intervals (CI) were calculated.

In case of missing values (considered as Missing Completely At Random (MCAR)) , no method of replacement was used. A complete case analysis was done (listwise deletion).

A P-value < 0.05 was considered significant. 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).

III. RESULTS

A. Flow chart and Patient Characteristics at Admission

From January 2016 to December 2022, 4962 patients were admitted to the ICU, of which 2761 underwent invasive mechanical ventilation (56%), and among them, 2387 patients were finally included (648 (27%) with obesity and 1739 (73%) without obesity). Among the 648 patients with obesity and the 1739 patients without obesity, 152 (23%) and 446 (26%) patients were extubated with continued norepinephrine infusion. The flow chart for the study is shown in Figure 1.

Supplementary Flow charts for patients with duration of mechanical ventilation of more than 24 hours and 48 hours, are presented in Supplementary Figure 1 and Supplementary Figure 2, respectively.

Tables 1A and 1B

present the main characteristics of the patients with obesity and without obesity at ICU admission and during the ICU stay, both overall and divided into the two main groups "Extubation with norepinephrine" and "Extubation without norepinephrine". Contrary to patients with obesity, in patients without obesity length of invasive mechanical ventilation before extubation was higher in patients with norepinephrine at extubation than in patients without norepinephrine at extubation.

Mean norepinephrine dose at extubation according to the weight are presented in Table 2A.

Doses were similar in patients with obesity and without obesity when using the adjusted and predicted body weights, and not the real body weight. A threshold of 0.19 mcg/kg/min of adjusted body weight was found to be the most accurate to predict reintubation within 7 days both in patients with obesity and without obesity (Table 2B). Among the 152 patients with obesity extubated with norepinephrine, 100 (66%) were extubated with low-dose norepinephrine, and 52 (34%) with high-dose norepinephrine. Among the 446 patients without obesity extubated with norepinephrine, 265 (59%) were extubated with low-dose norepinephrine, and 181 (41%)

with high-dose norepinephrine.

B. Characteristics of the Extubation procedure

The main evaluated parameters before, during and after the extubation procedure are presented in Supplementary Tables 1A and1B.

Patients in the "Extubation with norepinephrine group" presented a significant more positive fluid balance in the 24 hours before extubation, and had an higher severity than patients in the "Extubation without norepinephrine group". They also presented a lower mean arterial pressure, despite norepinephrine infusion.

C. Primary outcome: reintubation within 7 days

Figure 2 presents the reintubation rate within 7 days (primary outcome) according to the norepinephrine presence at extubation. In patients with obesity and without obesity, the incidence of reintubation within 7 days did not differ between patients with and without norepinephrine at extubation: 16% (24 of 152 patients) and 15% (66 of 446 patients) in the group with norepinephrine compared to 15% (72 of 496 patients) and 12% (157 of 1293 patients) in the group without norepinephrine (HR 1.1 (95%CI 0.7-1.7), p = 0.71 and HR 1.2 (95%CI 0.9-1.6), p = 0.16), respectively. Characteristics of the reintubation procedure are presented in Supplementary Tables 2A and2B.

D. Secondary outcomes

The incidence of reintubation within 48 hours, 72 hours and 28 days did not differ between patients with and without norepinephrine at extubation (Figure 2). Supplementary Tables 3A and3B present the secondary outcomes, according to norepinephrine presence at extubation. Contrary to patients without obesity, patients with obesity had higher mortality rate when extubated with norepinephrine. In both groups, SOFA score at day 1 was higher in patients extubated with norepinephrine, when compared to patients extubated without norepinephrine.

Figures 3A and 3B

presents the cumulative incidence of reintubation in patients with and without obesity, without norepinephrine at extubation, with low-dose norepinephrine, and with high-dose norepinephrine at extubation. Patients with high-dose norepinephrine had higher cumulative incidence of reintubation, compared with patients with low-dose norepinephrine or without norepinephrine at extubation.

The cumulative incidence of weaning of norepinephrine after extubation in patients with and without obesity, with and without reintubation within 7 days, are presented in Supplementary Figures 3A and3B. Cumulative incidence of weaning of norepinephrine after extubation was higher in patients without reintubation within 7 days (p=0.09 for patients with obesity, p<0.001 for patients without obesity).

F. Multivariate analysis of reintubation within 7 days

Supplementary Tables 4 and5 present the characteristics of the patients and extubation procedure in patients with and without reintubation within 7 days. The secondary outcomes according to reintubation within 7 days are presented in Supplementary Table 6. Patients with reintubation within 7 days had a worse outcome than patients without reintubation within 7 days.

In patients with obesity, after adjustment, extubation with norepinephrine was not significantly associated with reintubation within 7 days (adjusted HR=1.1 (95% CI 0.8-1.7)) p = 0.66).

However, being extubated with high-dose norepinephrine, in comparison with extubation without norepinephrine, was significantly associated with reintubation within 7 days (adjusted HR=1.8 (95% CI 1.0-3.2)) p = 0.048). Similar results were found in patients without obesity (adjusted HR= 1.1 (95% CI 0.9-1.5)) p = 0.37 and adjusted HR= 1.5 (95% CI 1.0-2.2)) p = 0.024, respectively).

IV. DISCUSSION

We found that liberation from invasive mechanical ventilation while continuing to receive infusions of norepinephrine regardless of dose was not, in aggregate, significantly associated with reintubation in patients with obesity. When stratified by dose, extubation on high-dose vasopressors (≥0.19 mcg/kg/min) was associated with a 1.8-fold increased hazard of reintubation.

For the first time in patients with obesity, this study documented how extubation under norepinephrine infusion was a frequent event, occurring in one quarter of the eligible patients, without negatively affecting the short and long-term reintubation rates. Most of previous studies focusing on extubation practice in patients with obesity tended to consider as eligible only patients fulfilling the "standard weaning criteria" [START_REF] Jong | Effect of non-invasive ventilation after extubation in critically ill patients with obesity in France: a multicentre, unblinded, pragmatic randomised clinical trial[END_REF]36]. Despite our hypothesis of a 10% absolute increase of extubation failure with norepinephrine use at the moment of extubation (from 14% to 24%), the actual reintubation rate within 7 days did not differ between the two groups (15% in the group without norepinephrine, versus 16% in the norepinephrine group), nor at 48 hours, 72 hours and 28 days (Figure 2). This absence of difference was confirmed in patients without obesity.

It is worth noting that the dose of norepinephrine was found to be an important factor when considering reintubation rate of patients extubated with vasopressors. High-dose norepinephrine was defined as ≥ 0.19 mcg/kg (adjusted body weight)/min after a threshold analysis based on real body weight, adjusted body weight and predicted body weight. Adjusted body weight was found to be the most accurate when assessing norepinephrine doses at extubation in patients with obesity.

These results are in accordance with studies assessing the norepinephrine dose to consider in patients with obesity [START_REF] Radosevich | Norepinephrine Dosing in Obese and Nonobese Patients With Septic Shock. American journal of critical care : an official publication[END_REF]. In a retrospective cohort study [START_REF] Radosevich | Norepinephrine Dosing in Obese and Nonobese Patients With Septic Shock. American journal of critical care : an official publication[END_REF], patients with obesity and septic shock require lower real weight-based doses of norepinephrine. Similarly, in another study, real weight-based dosing lead to higher norepinephrine cumulative dose requirements and prolonged time until norepinephrine discontinuation [START_REF] Vadiei | Impact of Norepinephrine Weight-Based Dosing Compared With Non-Weight-Based Dosing in Achieving Time to Goal Mean Arterial Pressure in Obese Patients With Septic Shock[END_REF]. The current study is one of the first studies assessing the norepinephrine doses according to real body-weight, adjusted body weight and predicted body weight.

In the present study, extubation failure was considered as reintubation by day 7, according to the more recent definition of successful weaning proposed by the WIND study [START_REF] Beduneau | Epidemiology of Weaning Outcome according to a New Definition. The WIND Study[END_REF]. Another reason for taking this time interval was because of the high rate of prophylactic NIV and HFNC use during the postextubation period in the patients with obesity (Supplementary Tables 3A and3B). Under this circumstance some authors [START_REF] Thille | The decision to extubate in the intensive care unit[END_REF] suggest using a longer than 48-72 hours post extubation period to assess extubation failure, since NIV may delay reintubation. The reintubation rates found in the current study were similar to the ones reported in recent literature, as for the prospective, observational, multicenter study from Jaber et al [START_REF] Jaber | Risk factors and outcomes for airway failure versus non-airway failure in the intensive care unit: a multicenter observational study of 1514 extubation procedures[END_REF], realized on 1514 patients from both medical and surgical ICUs, where the reintubation rate was 17.7% throughout the ICU stay, 13.9% within day 7, and 10.4% within day 2. The rate of reintubation in the specific population of patients with obesity was also similar to thenone reported in the recent multicenter randomized controlled trial EXTUBOBESE [START_REF] Jong | Effect of non-invasive ventilation after extubation in critically ill patients with obesity in France: a multicentre, unblinded, pragmatic randomised clinical trial[END_REF].

Since there are currently a few data to inform clinicians about whether the use of noradrenaline during weaning predisposes to weaning failure and/or extubation failure -especially in complex clinical scenarios, as for ICU multidisciplinary patients -it may be of clinical relevance to understand whether norepinephrine presence during respiratory weaning and extubation represents a contributor to extubation failure per se -playing a pathogenetic role in deteriorating patient clinical status, or may be considered as a simple marker of illness severity, or even as "protecting" factor, able to temporarily restore a patient's homeostasis (i.e in presence sedation-induced vasodilatation), as suggested in the randomized controlled trial from Chanques and colleagues [START_REF] Chanques | Immediate interruption of sedation compared with usual sedation care in critically ill postoperative patients (SOS-Ventilation): a randomised, parallel-group clinical trial[END_REF]. Indeed, if the first hypothesis is true, all the physician efforts should be directed to wean patients from vasopressors as soon as possible, maybe delaying the weaning process or the extubation, whereas the second and third hypothesis imply a more conservative approach toward vasopressors, in favor of early discontinuation from mechanical ventilation. The current study plays in favor of performing extubation with continued use of norepinephrine, excepted in case of high-dose of norepinephrine at extubation, as suggested by the multivariate analysis of reintubation within 7 days (Figure 3). The predicted time of weaning of norepinephrine after extubation should also be considered, an increased duration of weaning being associated with more reintubation within 7 days in the group of patients extubated with vasopressors (Supplementary Figure 4).

Similar results were observed in patients with and without obesity. However, some differences were reported, such as the length of invasive mechanical ventilation before intubation, which did not differ between the patients with obesity extubated with or without norepinephrine, contrary to patients without obesity (Tables 1A and1B). One explanation could be the more careful assessment of patients with obesity before extubation, whatever the presence of norepinephrine or not, which could lead to a delay in extubation, compared to patients without obesity. Moreover, mortality of patients with obesity and with norepinephrine at extubation was higher than in patients with obesity and without norepinephrine at extubation, result which was not found in patients without obesity.

Our study has some limitations. First, we addressed extubation practice, which is the terminal step of the weaning process, but the type and length of spontaneous breathing trial was not recorded.

Similarly, data concerning airway patency and secretion clearance at extubation, which are well described in literature as predictors for extubation failure were not available in our database.

Second, no data were available concerning the setting of intubation (prehospital, operative room, ICU, other), and the used drugs. Indeed, some of them are known to possibly interfere with the cardiovascular stability (i.e., the vasodilator Propofol effect, or the adrenal suppressing effect of Etomidate) [START_REF] Jong | How to improve intubation in the intensive care unit. Update on knowledge and devices[END_REF][START_REF] Jong | Airway management in the critically ill patient with COVID-19[END_REF]. Third, we used a "generic" extubation failure definition, without considering a minimal duration of mechanical ventilation, as proposed by some authors. However, a sensitivity analysis was performed on patients ventilated more than 24 hours and 48 hours (Supplementary Figures 1 and2), without showing any differences. Finally, our study was done in a single center, and the results may not apply similarly to other centers, although the incidences of reintubation and impact on outcomes were within previously reported ranges in multicenter studies.

V. CONCLUSIONS

No association of extubation while continuing to receive norepinephrine with reintubation was found in the patients with obesity or without obesity. However, this effect was dependent of the norepinephrine doses at the time of extubation, and adjusted body weight was the most appropriate weight when considering norepinephrine doses for the patient with obesity. The clinician should be aware that extubation procedures with a norepinephrine dose of more than 0.19 mcg/kg/min of adjusted body weight could be unsafe. Anticipated duration of weaning of norepinephrine post-extubation should also be considered before performing extubation for patients with norepinephrine. These findings challenge the dogma of hemodynamic stability before extubation, both in patients with and without obesity. 
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VIII. FIGURES Figure 1. Flow chart for the study.

From January 2016 to December 2022, 4962 patients were admitted to the ICU, of which 2761 underwent invasive mechanical ventilation (56%), and among them, 2387 patients were finally included (648 (27%)

with obesity and 1739 (73%) without obesity). Among the 648 patients with obesity and the 1739 patients without obesity, 152 (23%) and 446 (26%) patients were extubated with continued norepinephrine infusion.

ICU Intensive Care Unit

Only the first extubation was considered. 

B. In patients without obesity

In patients with obesity and without obesity, the incidence of reintubation within 7 days did not differ between patients with and without norepinephrine at extubation: 16% (24 of 152 patients) and 15% (66 of 446 patients) in the group with norepinephrine compared to 15% (72 of 496 patients) and 12% (157 of 1293 patients) in the group without norepinephrine (HR 1.1 (95%CI 0.7-1.7), p = 0.71 and HR 1.2 (95%CI 0.9-1.6), p = 0.16), respectively. 
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Fifth, a multivariate

  logistic Cox regression model was performed to provide adjusted results of reintubation within 7 days (primary outcome), forcing the variables of interest "extubation with norepinephrine infusion" and considering a priori that sex, reason for admission, reason for intubation, simplified acute physiologic score (SAPS) II at admission, SOFA before extubation, cumulated fluid balance in the 24 hours before extubation would be confounding factors. These factors were entered into the multivariate model, and a final model including only significant variables was computed.

Figure 2 .

 2 Figure 2. Rates of reintubation

Figure 3 .

 3 Figure 3. Cumulative incidence of reintubation in patients with no epinephrine, low-dose
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Table 1A . Baseline characteristics of the patients with obesity at admission and during ICU stay according to norepinephrine presence at extubation

 1A 

	Characteristic	Overall	With Norepinephrine at	Without Norepinephrine at	P value
		N = 648	extubation	extubation	
			n = 152	n = 496	
	Age, yr	62 ± 12.7	65 ± 11.8	61 ± 12.8	<0.001
	Male sex	431 (67)	108 (71)	323 (65)	0.18
	Weight, kg	104 ± 23	101 ± 18.8	105 ± 24	0.30
	Height, cm	169 ± 9.8	170 ± 9.2	169 ± 10	0.58
	Body mass index, kg.m -²	36 ± 7.4	35 ± 5.8	36 ± 7.8	0.10
	Comorbidities				
	Arterial hypertension	290 (45)	74 (49)	216 (44)	0.27
	Recent coronary syndrome	22 (3.4)	11 (7.2)	11 (2.2)	0.015
	Heart failure	59 (9.1)	14 (9.2)	45 (9.1)	0.96
	Arrhythmia	86 (13)	26 (17)	60 (12)	0.11
	Dyslipidemia	118 (18)	33 (22)	85 (17)	0.20
	Diabetes	217 (34)	63 (41)	154 (31)	0.037
	Stroke	34 (5.2)	10 (6.6)	24 (4.8)	0.40
	COPD / Asthma	128 (20)	25 (16)	103 (21)	0.24
	OSAS	162 (25)	37 (24)	125 (25)	0.83
	Restrictif pulmonary syndrome	18 (2.8)	3 (2.0)	15 (3.0)	0.78
	Chronic renal failure	79 (12)	19 (13)	60 (12)	0.89
	Cirrhosis	206 (32)	57 (38)	149 (30)	0.084
	Psychiatric disorder	66 (10)	16 (11)	50 (10)	0.88
	Active smoking	108 (17)	21 (14)	87 (18)	0.19
	Active ethylism	109 (17)	28 (18)	81 (16)	0.55
	Cancer	163 (25)	36 (24)	127 (26)	0.63
	SAPS II score	44 ± 16.5	49 ± 14	43 ± 17	<0.001
	SOFA score	7 ± 4.2	9 ± 3.5	7 ± 4.2	<0.001
	Reason for ICU admission				
	Post operative (except transplantation) 306 (47)	57 (38)	249 (50)	0.006
	Transplantation surgery	107 (17)	29 (19)	78 (16)	0.33
	Septic shock	75 (12)	32 (21)	43 (8.7)	<0.001
	Sepsis	19 (2.9)	4 (2.6)	15 (3.0)	1.0
	Acute respiratory failure	100 (15)	21 (14)	79 (16)	0.53
	Acute liver failure	35 (5.4)	6 (3.9)	29 (5.8)	0.37
	Acute renal failure	45 (6.9)	8 (5.3)	37 (7.5)	0.35
	Decompensated cirrhosis	21 (3.2)	5 (3.3)	16 (3.2)	0.97
	Hemathemesis / Hemoptisis	14 (2.2)	3 (2)	11 (2.2)	1.0
	Hemorragic shock	74 (11)	21 (14)	53 (11)	0.29
	Hepatic encephalopathy	16 (2.5)	1 (0.7)	15 (3)	0.14
	Hepatorenal syndrome	3 (0.5)	0 (0)	3 (0.6)	1.0
	Acute pancreatitis	17 (2.6)	5 (3.3)	12 (2.4)	0.57
	Cardiac arrest	5 (0.8)	0 (0)	5 (1)	0.60
	Coma	34 (5.2)	6 (3.9)	28 (5.6)	0.41
	Drug intoxication	7 (1.1)	2 (1.3)	5 (1)	0.67
	Acute agitation	2 (0.3)	0 (0)	2 (0.4)	1.0
	Other	4 (0.6)	2 (1.3)	2 (0.4)	0.24
	Reason for intubation				
	Surgery	413 (64)	94 (62)	319 (64)	0.58
	Intubation for exam	47 (7.3)	17 (11)	30 (6.0)	0.033
	Acute respiratory failure	114 (18)	22 (15)	92 (19)	0.25
	Cardiac arrest	6 (0.9)	1 (0.7)	5 (1.0)	1.0
	Coma	43 (6.6)	11 (7.2)	32 (6.5)	0.73

Table 1B . Baseline characteristics of the patients without obesity at admission and during ICU stay according to norepinephrine presence at extubation

 1B Data are summarized as mean ± standard deviation or number (percentage). One patient can have more than one comorbidity, reason for ICU admission, reason for intubation. OSAS obstructive sleep apnea, COPD chronic obstructive respiratory disease, SAPS2 simplified acute physiologic score, SOFA sequential organ failure assessment, ICU intensive care unit.

	Length of invasive mechanical ventilation before extubation (days)	1 (1-2)	1 (1-2)	1 (1-3)	<0.001
	More than 24 hours	657 (38)	125 (28)	532 (41)	<0.001
	Characteristic More than 48 hours	Overall 407 (23)	With Norepinephrine at 62 (14)	Without Norepinephrine at 343 (26)	P value <0.001
		N = 1739	extubation	extubation	
			n = 446	n = 1293	
	Age, yr	61 ± 15.2	65 ± 14.2	60 ± 15.5	<0.001
	Male sex	1187 (68)	315 (71)	872 (67)	0.21
	Weight, kg	69 ± 12.8	70 ± 13.1	69 ± 12.7	0.33
	Height, cm	170 ± 8.7	171 ± 8.5	170 ± 8.8	0.47
	Body mass index, kg.m -²	24 ± 3.5	24 ± 3.6	24 ± 3.5	0.40
	Comorbidities				
	Arterial hypertension	546 (31)	141 (32)	405 (31)	0.91
	Recent coronary syndrome	51 (2.9)	18 (4.0)	33 (2.6)	0.11
	Heart failure	96 (5.5)	37 (8.3)	59 (4.6)	0.003
	Arrhythmia	189 (11)	73 (16)	116 (9)	<0.001
	Dyslipidemia	213 (12)	62 (14)	151 (12)	0.22
	Diabetes	360 (21)	108 (24)	252 (20)	0.095
	Stroke	124 (7.1)	40 (9.0)	84 (6.5)	0.080
	COPD / Asthma	265 (15)	70 (16)	195 (15)	0.76
	OSAS	97 (5.6)	27 (6.1)	70 (5.4)	0.61
	Restrictif pulmonary syndrome	46 (2.6)	13 (2.9)	33 (2.6)	0.68
	Chronic renal failure	218 (13)	51 (11)	167 (13)	0.42
	Cirrhosis	515 (30)	130 (29)	385 (30)	0.80
	Psychiatric disorder	193 (11)	49 (11)	144 (11)	0.93
	Active smoking	340 (20)	86 (19)	254 (20)	0.87
	Active ethylism	325 (19)	79 (18)	246 (19)	0.54
	Cancer	550 (32)	135 (30)	415 (32)	0.47
	SAPS II score	45 ± 16.9	49 ± 16.7	44 ± 16.8	<0.001
	SOFA score	7 ± 3.8	8 ± 3.3	6 ± 3.9	<0.001
	Reason for ICU admission				
	Post operative (except transplantation) 748 (43)	198 (44)	550 (43)	0.49
	Transplantation surgery	226 (13)	49 (11)	177 (15)	0.14
	Septic shock	204 (12)	96 (22)	108 (8.4)	<0.001
	Sepsis	51 (2.9)	14 (3.1)	37 (2.9)	0.77
	Acute respiratory failure	255 (15)	61 (14)	194 (15)	0.50
	Acute liver failure	106 (6.1)	27 (6.1)	79 (6.1)	0.97
	Acute renal failure	84 (4.8)	27 (6.1)	57 (4.4)	0.16
	Decompensated cirrhosis	62 (3.6)	21 (4.7)	41 (3.2)	0.13
	Hemathemesis / Hemoptisis	44 (2.5)	9 (2)	35 (2.7)	0.42
	Hemorragic shock	251 (14)	72 (16)	179 (14)	0.23
	Hepatic encephalopathy	41 (2.4)	9 (2)	32 (2.5)	0.58
	Hepatorenal syndrome	5 (0.3)	2 (0.4)	3 (0.2)	0.61
	Acute pancreatitis	26 (1.5)	5 (1.1)	21 (1.6)	0.45
	Cardiac arrest	36 (2.1)	13 (2.9)	23 (1.8)	0.15
	Coma	114 (6.6)	16 (3.6)	98 (7.6)	0.003
	Drug intoxication	27 (1.6)	1 (0.2)	26 (2)	0.008
	Acute agitation	11 (0.6)	2 (0.4)	9 (0.7)	0.74
	Other	12 (0.7)	3 (0.7)	9 (0.7)	1.0
	Reason for intubation				
	Surgery	748 (43)	198 (44)	550 (43)	0.49
	Intubation for exam	156 (9)	33 (7.4)	123 (9.5)	0.18
	Acute respiratory failure	293 (17)	75 (17)	218 (17)	0.98
	Cardiac arrest	33 (1.9)	12 (2.7)	21 (1.6)	0.16
	Coma	139 (8.0)	22 (4.9)	117 (9.0)	0.006
	Acute agitation	20 (1.2)	2 (0.4)	18 (1.4)	0.11
	Shock	229 (13)	84 (19)	145 (11)	<0.001
	Need of norepinephrine during ICU stay	1006 (58)	446 (100)	560 (43)	<0.001

Table 2A . Norepinephrine doses at extubation according to obesity status

 2A 

	Norepinephrine doses	With obesity	Without obesity	P value
		N = 152	N = 446	
	Mg/h	0.60 (0.30 -1.0)	0.50 (0.30 -1.0)	0.54
	μg/kg/min (real body weight)	0.11 (0.05 -0.18)	0.14 (0.07 -0.26)	<0.001
	μg/kg/min (adjusted body weight)	0.13 (0.06 -0.23)	0.14 (0.07 -0.28)	0.20
	μg/kg/min (predicted body weight)	0.17 (0.08 -0.31)	0.14 (0.08 -0.28)	0.51
	Data are summarized as median (interquartiles).			

Table 2B . Best threshold of norepinephrine doses at extubation associated with more reintubation within 7 days according to obesity status

 2B 

	Norepinephrine doses	With obesity	Without obesity
		N = 152	N = 446
	mg/h	0.6	0.8
	μg/kg/min (real body weight)	0.06	0.14
	μg/kg/min (adjusted body weight)	0.19	0.19
	μg/kg/min (predicted body weight)	0.23	0.19

Supplementary Table 1A. Characteristics of the extubation procedure in patients with obesity according to norepinephrine presence at extubation

  Data are summarized as mean ± standard deviation or number (percentage). *Respiratory frequency was available in 621 patients, of which 148 with norepinephrine and 473 without norepinephrine. † Tidal volume was available in 612 patients, of which 144 with norepinephrine and 468 without norepinephrine. ‡ RSBI was available in 584 patients, of which 135 with norepinephrine and 449 without norepinephrine. ¶ Mean blood pressure was available in 630 patients, of which 150 with norepinephrine and 480 without norepinephrine. ⁓ Heart rate bpm was available in 647 patients, of which 152 with norepinephrine and 495 without norepinephrine ˆ Hemoglobin was available in 612 patients, of which 147 with norepinephrine and 465 without norepinephrine. ° Fluid balance at extubation was available in 577 patients, of which 140 with norepinephrine and 437 without norepinephrine. ¬ Fluid balance admission to extubation was available in 586 patients, of which 143 with norepinephrine and 443 without norepinephrine. Fluid balance 24h after extubation was available in 614 patients, of which 147 with norepinephrine and 467 without norepinephrine. RSBI Rapid Shallow Breathing Ratio, SOFA sequential organ failure assessment, ICU intensive care unit.

	Supplementary				
	Characteristic	Overall	With	Without	P value
		N = 648	norepinephrine at	norepinephrine at	
			extubation	extubation	
			N = 152	N = 496	
	Respiratory frequency_bpm *	20 ± 5.8	21 ± 6.2	20 ± 5.7	0.71
	Tidal volume_ml †	507 ± 152.4	503 ± 158	508 ± 150.8	0.40
	RSBI ‡	40 ± 23.7	40 ± 23.2	40 ± 23.9	0.53
	Mean blood pressure_mmHg ¶	88 ± 14.2	80 ± 9.9	90 ± 14.5	<0.001
	Heart rate_bpm ⁓	90 ± 18.9	92 ± 20.6	89 ± 18.3	0.27
	Hemoglobin_g/dl ˆ	11 ± 2	10 ± 1.9	11 ± 2.1	0.56
	Weight_kg	104 ± 23	101 ± 18.8	105 ± 24	0.30
	Fluid balance at extubation_ml °	284 ± 2110.8 525 ± 2197.4	207 ± 2079	0.054
	Fluid balance admission to extubation_ml ¬	542 ± 4679.1 311 ± 5442.7	617 ± 4408.8	0.34
	Fluid balance 24-hours after extubation_ml ¤	58 ± 2329.3	411 ± 2686.4	-53 ± 2196.5	0.002
	SOFA score	5 ± 3.3	8 ± 2.8	5 ± 2.8	<0.001
	Need of norepinephrine before extubation	297 (45.8)	148 (97.4)	149 (30)	<0.001
					50
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Table 1B . Characteristics of the extubation procedure in patients without obesity according to norepinephrine presence at extubation

 1B Data are summarized as mean ± standard deviation or number (percentage). *Respiratory frequency was available in 1672 patients, of which 435 with norepinephrine and 1237 without norepinephrine. † Tidal volume was available in 1652 patients, of which 430 with norepinephrine and 1222 without norepinephrine. ‡ RSBI was available in 1586 patients, of which 416 with norepinephrine and 1170 without norepinephrine. ¶ Mean blood pressure was available in 1688 patients, of which 434 with norepinephrine and 1254 without norepinephrine. ⁓ Heart rate bpm was available in 1729 patients, of which 444 with norepinephrine and 1285 without norepinephrine ˆ Hemoglobin was available in 1654 patients, of which 429 with norepinephrine and 1225 without norepinephrine. ° Fluid balance at extubation was available in 1573 patients, of which 405 with norepinephrine and 1168 without norepinephrine. ¬ Fluid balance admission to extubation was available in 1600 patients, of which 412 with norepinephrine and 1188 without norepinephrine. Fluid balance 24h after extubation was available in 1662 patients, of which 430 with norepinephrine and 1232 without norepinephrine. RSBI Rapid Shallow Breathing Ratio, SOFA sequential organ failure assessment, ICU intensive care unit.

	Supplemental				
	Characteristic	Overall	With	Without	P value
		N = 1739	norepinephrine at	norepinephrine at	
			extubation	extubation	
			N = 466	N = 1293	
	Respiratory frequency_bpm *	19.5 ± 5.9	19.7 ± 6	19.5 +5.9	0.67
	Tidal volume_ml †	484.8 ± 139.3	481.2 ± 139.1	486 +139.4	0.35
	RSBI ‡	40.1 ± 24.3	39.9 ± 26.6	40.1 +23.4	0.77
	Mean blood pressure_mmHg ¶	88 ± 15.6	82 ± 12.4	90.1 +16.1	<0.001
	Heart rate_bpm ⁓	89.9 ± 18.1	92.6 ± 19.9	89 +17.4	<0.001
	Hemoglobin_g/dl ˆ	10.3 ± 1.9	10.4 ± 2	10.2 +1.9	0.37
	Weight_kg	69.2 ± 12.8	69.7 ± 13.1	69.1 +12.7	0.33
	Fluid balance at extubation_ml °	282.1± 2193.5	570 ± 2738	182.2 +1961.5	<0.001
	Fluid balance admission to extubation_ml ¬	849.7± 4423.9	786.7 ± 4416.3	871.6 +4428.2	0.12
	Fluid balance 24-hours after extubation_ml ¤	269 ± 2152.1	654 ± 2159.6	134.7 +2134	<0.001
	SOFA score	5.4 ± 3.3	7.6 ± 3	4.6 +3.1	<0.001
	Need of norepinephrine before extubation	833 (47.9)	425 (95.3)	408 (31.6)	<0.001
					51
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Table 2A . Characteristics of the reintubation procedure in patients with obesity according to norepinephrine presence at extubation

 2A 

	Characteristic	Overall	With NE at	Without NE	P value
		N = 117	extubation	at extubation	
			N = 30	N = 87	
	Reason for reintubation				
	Reintubation for procedure	46 (39)	10 (33)	36 (42)	0.44
	Acute respiratory failure	52 (44)	13 (43)	39 (45)	0.88
	Coma	8 (6.8)	3 (10)	5 (5.7)	0.78
	Hemorragic shock	3 (2.6)	2 (6.7)	1 (1.1)	0.49
	Acute agitaton	7 (6.0)	1 (3.3)	6 (6.9)	0.77
	Shock	1 (0.08)	1 (3.3)	0 (0)	0.39
	Data are summarized as mean ± standard deviation or number (percentage).		
	ICU Intensive Care Unit.				

Supplemental Table 2B. Characteristics of the reintubation procedure in patients without obesity according to norepinephrine presence at extubation

  

	Characteristic	Overall	With NE at	Without NE	P value
		N = 253	extubation	at extubation	
			N = 72	N = 181	
	Reason for reintubation				
	Reintubation for procedure	87 (34)	24 (33)	63 (35)	0.82
	Acute respiratory failure	116 (46)	31 (43)	85 (47)	0.85
	Coma	17 (6.7)	7 (9.7)	10 (5.5)	0.20
	Hemorrhagic shock	14 (5.5)	2 (2.8)	12 (6.6)	0.37
	Acute agitation	7 (2.8)	4 (5.6)	3 (1.7)	0.10
	Shock	12 (4.7)	4 (5.6)	8 (4.4)	0.75
	Data are summarized as mean ± standard deviation or number (percentage).		
	ICU Intensive Care Unit.				

Supplementary Table 4A. Characteristics of the Patients at Admission and during ICU stay in patients with obesity according to extubation outcome

  Data are summarized as mean ± standard deviation or number (percentage). One patient can have more than one comorbidity, reason for ICU admission, reason for intubation. OSAS obstructive sleep apnea, COPD chronic obstructive respiratory disease, SAPS2 simplified acute physiologic score, SOFA sequential organ failure assessment, ICU intensive care unit.

	Need of norepinephrine during ICU stay Supplementary	360 (55.6)	72 (75)	288 (52.2)		<0.001
	Characteristic	Overall	Reintubation within 7	No	reintubation	P value
		N = 648	days	within 7 days	
			N = 96	N = 552		
	Age, yr	62 ± 12.7	60 ± 12.5	62 ± 12.7		0.19
	Male sex	431 (66.5)	72 (75)	359 (65)		0.056
	Weight, kg	104 ± 23	103 ± 23.2	104 ± 22.9	0.58
	Height, cm	169 ± 9.8	170 ± 9.5	169 ± 9.8		0.36
	Body mass index, kg.m -²	36 ± 7.4	35 ± 6.1	36 ± 7.6		0.35
	Comorbidities					
	Arterial hypertension	290 (44.8)	39 (40.6)	251 (45.5)		0.38
	Recent coronary syndrome	22 (3.4)	1 (1)	21 (3.8)		0.17
	Heart failure	59 (9.1)	8 (8.3)	51 (9.2)		0.78
	Arrhythmia	86 (13.3)	9 (9.4)	77 (13.9)		0.22
	Dyslipidemia	118 (18.2)	17 (17.7)	101 (18.3)		0.89
	Diabetes	217 (33.5)	28 (29.2)	189 (34.2)		0.65
	Stroke	34 (5.2)	7 (7.3)	27 (4.9)		0.33
	COPD / Asthma	128 (19.8)	25 (26)	103 (18.7)		0.094
	OSAS	162 (25)	21 (21.9)	141 (25.5)		0.44
	Restrictif pulmonary syndrome 18 (2.8)	2 (2.1)	16 (2.9)		1.0
	Chronic renal failure	79 (12.2)	6 (6.3)	73 (13.2)		0.054
	Cirrhosis	206 (31.8)	30 (31.3)	176 (31.9)		0.90
	Psychiatric disorder	66 (10.2)	10 (10.4)	56 (10.1)		0.94
	Active smoking	108 (16.7)	21 (21.9)	87 (15.8)		0.14
	Active ethylism	109 (16.8)	21 (21.9)	88 (15.9)		0.15
	Cancer	163 (25.2)	22 (22.9)	141 (25.5)		0.59
	SAPS II score	44 ± 16.5	46 ± 16.5	44 ± 16.5		0.17
	SOFA score	7 ± 4.2	8 ± 4.1	7 ± 4.2		0.082
	Reason for ICU admission					
	Post operative (except transplantation)	306 (47.2)	39 (40.6)	267 (48.4)		0.16
	Transplantation surgery	107 (16.5)	14 (14.6)	93 (16.8)		0.58
	Septic shock	75 (11.6)	14 (14.6)	61 (11.1)		0.32
	Sepsis	19 (2.9)	1 (1)	18 (3.3)		0.34
	Acute respiratory failure	100 (15.4)	19 (19.8)	81 (14.7)		0.20
	Acute liver failure	35 (5.4)	6 (6.3)	29 (5.3)		0.69
	Acute renal failure	45 (6.9)	9 (9.4)	36 (6.5)		0.31
	Decompensated cirrhosis	21 (3.2)	7 (7.3)	14 (2.5)		0.025
	Hemathemesis / Hemoptisis	14 (2.2)	4 (4.2)	10 (1.8)		0.14
	Hemorragic shock	74 (11.4)	17 (17.7)	57 (10.3)		0.036
	Hepatic encephalopathy	16 (2.5)	5 (5.2)	11 (2)		0.073
	Hepatorenal syndrome	3 (0.5)	0 (0)	3 (0.5)		1.0
	Acute pancreatitis	17 (2.6)	5 (5.2)	12 (2.2)		0.16
	Cardiac arrest	5 (0.8)	0 (0)	5 (0.9)		1.0
	Coma	34 (5.2)	6 (6.3)	28 (5.1)		0.63
	Drug intoxication	7 (1.1)	3 (3.1)	4 (0.7)		0.07
	Acute agitation	2 (0.3)	0 (0)	2 (0.4)		1.0
	Other	4 (0.6)	0 (0)	4 (0.7)		1.0
	Reason for intubation					
	Surgery	413 (63.7)	54 (56.3)	359 (65)		0.098
	Intubation for exam	47 (7.3)	4 (4.2)	43 (7.8)		0.21
	Acute respiratory failure	114 (17.6)	25 (26)	89 (16.1)		0.018
	Cardiac arrest	6 (0.9)	0 (0)	6 (1.1)		0.31
	Coma	43 (6.6)	9 (9.4)	34 (6.2)		0.24
	Acute agitation	4 (0.6)	2 (2.1)	2 (0.4)		0.11
	Shock	77 (11.9)	17 (17.7)	60 (10.9)		0.056
						56

Table 4B . Characteristics of the Patients at Admission and during ICU stay in patients without obesity according to extubation outcome

 4B Data are summarized as mean ± standard deviation or number (percentage). One patient can have more than one comorbidity, reason for ICU admission, reason for intubation. OSAS obstructive sleep apnea, COPD chronic obstructive respiratory disease, SAPS2 simplified acute physiologic score, SOFA sequential organ failure assessment, ICU intensive care unit.

	Need of norepinephrine during ICU stay Supplementary	1006 (57.8)	173 (77.6)	833 (54.9)		<0.001
	Characteristic		Overall	Reintubation within 7	No	reintubation	P value
			N = 1739	days	within 7 days
				N = 223	N = 1516	
	Age, yr		61 ± 15.2	61 ± 14.3	61 ± 15.4		0.91
	Male sex		1187 (68.3)	168 (75.3)	1019 (67.2)	0.015
	Weight, kg		69 ± 12.8	69 ± 12.8	69 ± 12.8		0.93
	Height, cm		170 ± 8.7	172 ± 8.4	170 ± 8.7		0.003
	Body mass index, kg.m -²		24 ± 3.5	23 ± 3.6	24 ± 3.5		0.098
	Comorbidities					
	Arterial hypertension		546 (31.4)	84 (37.7)	462 (30.5)		0.031
	Recent coronary syndrome	51 (2.9)	7 (3.1)	44 (2.9)		0.85
	Heart failure		96 (5.5)	15 (6.7)	81 (5.3)		0.40
	Arrhythmia		189 (10.9)	27 (12.1)	162 (10.7)		0.52
	Dyslipidemia		213 (12.2)	29 (13)	184 (12.1)		0.71
	Diabetes		360 (20.7)	46 (20.6)	314 (20.7)		0.50
	Stroke		124 (7.1)	15 (6.7)	109 (7.2)		0.80
	COPD / Asthma		265 (15.2)	40 (17.9)	225 (14.8)		0.23
	OSAS		97 (5.6)	9 (4)	88 (5.8)		0.28
	Restrictif pulmonary syndrome 46 (2.6)	5 (2.2)	41 (2.7)		0.69
	Chronic renal failure		218 (12.5)	35 (15.7)	183 (12.1)		0.13
	Cirrhosis		515 (29.6)	70 (31.4)	445 (29.4)		0.53
	Psychiatric disorder		193 (11.1)	16 (7.2)	177 (11.7)		0.046
	Active smoking		340 (19.6)	54 (24.2)	286 (18.9)		0.060
	Active ethylism		325 (18.7)	41 (18.4)	284 (18.7)		0.90
	Cancer		550 (31.6)	74 (33.2)	476 (31.4)		0.59
	SAPS II score		45 ± 16.9	48 ± 16.1	45 ± 17		<0.001
	SOFA score		7 ± 3.8	8 ± 3.9	7 ± 3.8		<0.001
	Reason for ICU admission					
	Post transplantation) operative	(except	748 (43)	104 (46.6)	644 (42.5)		0.24
	Transplantation surgery		226 (13)	30 (13.5)	196 (12.9)		0.83
	Septic shock		204 (11.7)	32 (14.3)	172 (11.3)		0.19
	Sepsis		51 (2.9)	9 (4)	42 (2.8)		0.30
	Acute respiratory failure		255 (14.7)	36 (16.1)	219 (14.4)		0.50
	Acute liver failure		106 (6.1)	20 (9)	86 (5.7)		0.055
	Acute renal failure		84 (4.8)	19 (8.5)	65 (4.3)		0.006
	Decompensated cirrhosis	62 (3.6)	8 (3.6)	54 (3.6)		0.99
	Hemathemesis / Hemoptisis	44 (2.5)	6 (2.7)	38 (2.5)		0.87
	Hemorragic shock		251 (14.4)	30 (13.5)	221 (14.6)		0.66
	Hepatic encephalopathy	41 (2.4)	5 (2.2)	36 (2.4)		0.90
	Hepatorenal syndrome		5 (0.3)	1 (0.4)	4 (0.3)		0.50
	Acute pancreatitis		26 (1.5)	5 (2.2)	21 (1.4)		0.37
	Cardiac arrest		36 (2.1)	4 (1.8)	32 (2.1)		0.76
	Coma		114 (6.6)	12 (5.4)	102 (6.7)		0.45
	Drug intoxication		27 (1.6)	1 (0.4)	26 (1.7)		0.24
	Acute agitation		20 (1.2)	2 (0.9)	18 (1.2)		1
	Other		12 (0.7)	0 (0)	12 (0.8)		0.18
	Reason for intubation					
	Surgery		1011 (58.1)	133 (59.6)	878 (57.9)		0.63
	Intubation for exam		156 (9)	19 (8.5)	137 (9)		0.80
	Acute respiratory failure	293 (16.8)	44 (19.7)	249 (16.4)		0.22
	Cardiac arrest		33 (1.9)	3 (1.3)	30 (2)		0.79
	Coma		139 (8)	16 (7.2)	123 (8.1)		0.63
	Acute agitation		20 (1.2)	2 (0.9)	18 (1.2)		1
	Shock		229 (13.2)	40 (17.9)	189 (12.5)		0.024
							58

Table 5A . Characteristics of the extubation procedure in patients with obesity according to extubation outcome

 5A Data are summarized as mean ± standard deviation or number (percentage). *Respiratory frequency was available in 621 patients, of which 93 in the extubation failure group and 528 in the extubation success group.† Tidal volume was available in 612 patients, of which 92 in the extubation failure group and 520 in the extubation success group.‡ RSBI was available in 584 patients, of which 87 in the extubation failure group and 497 in the extubation success group. ¶ Mean blood pressure was available in 630 patients, of which 93 in the extubation failure group and 537 in the extubation success group. µ Heart rate was available in 647 patients, of which 96 in the extubation failure group and 551 in the extubation success group ˆ Hemoglobin was available in 612 patients, of which 91 in the extubation failure group and 521 in the extubation success group. ° Fluid balance at extubation was available in 577 patients, of which 93 in the extubation failure group and 484 in the extubation success group. ¬ Fluid balance admission to extubation was available in 586 patients, of which 94 in the extubation failure group and 492 in the extubation success group. ¤ Fluid balance 24 hours after extubation was available in 614 patients, of which 96 in the extubation failure group and 518 in the extubation success group.

	Supplementary					
	Characteristic	Overall	Reintubation	No	reintubation	P value
		N = 648	within 7 days	within 7 days	
			N = 96	N = 552		
	Respiratory frequency_bpm *	20 ± 5.8	22 ± 6.7	20 ± 5.6	0.003
	Tidal volume_ml †	507 ± 152.4	500 ± 142	508 ± 154.3	0.60
	RSBI ‡	40 ± 23.7	42 ± 24.1	40 ± 23.7	0.42
	Mean blood pressure_mmHg ¶	88 ± 14.2	86 ± 15.3	88 ± 14.1	0.39
	Heart rate_bpm µ	90 ± 18.9	92 ± 18.8	90 ± 18.9	0.42
	Hemoglobin_g/dl ˆ	11 ± 2	10 ± 2.1		11 ± 2	0.51
	Weight_kg	104 ± 23	103 ± 23.2	104 ± 22.9	0.58
	Fluid balance at extubation_ml °	284 ± 2110.8	776 ± 2666	190 ± 1975.9	0.22
	Fluid balance admission to extubation_ml ¬	542 ± 4679.1	1093 ± 6085.5	437 ± 4359.1	0.08
	Fluid balance 24-hours after extubation_ml ¤	58 ± 2329.3	328 ± 3052	8 ± 2169.3	0.45
	SOFA score	5 ± 3.3	6 ± 3.3		5 ± 3.3	0.13
	Need of norepinephrine before extubation	297 (45.8)	54 (56.3)	243 (44)	0.026
	Maximal norepinephrine dosage before extubation_mcg/kg/min	0.34 ± 0.4	0.48 ± 0.5	0.31 ± 0.4	0.021
	Need of norepinephrine at extubation	152 (23.5)	24 (25)	128 (23.2)	0.70
	Maximal norepinephrine dosage at extubation_mcg/kg/min	0.15 ± 0.2	0.23 ± 0.3	0.13 ± 0.1	0.041
	Need of norepinephrine after extubation	174 (26.9)	40 (41.7)	134 (24.3)	<0.001
	Maximal norepinephrine dosage after extubation_mcg/kg/min	0.17 ± 0.2	0.28 ± 0.3	0.13 ± 0.1	0.009
						59

Table 5B . Characteristics of the extubation procedure in patients without obesity according to extubation outcome

 5B Data are summarized as mean ± standard deviation or number (percentage). *Respiratory frequency was available in 1672 patients, of which 212 in the extubation failure group and 1460 in the extubation success group. † Tidal volume was available in 1652 patients, of which 215 in the extubation failure group and 1437 in the extubation success group. ‡ RSBI was available in 1586 patients, of which 206 in the extubation failure group and 1380 in the extubation success group. ¶ Mean blood pressure was available in 1688 patients, of which 220 in the extubation failure group and 1468 in the extubation success group. µ Heart rate was available in 1729 patients, of which 223 in the extubation failure group and 1506 in the extubation success group ˆ Hemoglobin was available in 1654 patients, of which 214 in the extubation failure group and 1440 in the extubation success group. ° Fluid balance at extubation was available in 1573 patients, of which 211 in the extubation failure group and 1362 in the extubation success group. ¬ Fluid balance admission to extubation was available in 1600 patients, of which 215 in the extubation failure group and 1385 in the extubation success group. ¤ Fluid balance 24 hours after extubation was available in 1662 patients, of which 223 in the extubation failure group and 1439 in the extubation success group.

	Characteristic	Overall	Reintubation	No	reintubation	P value
		N = 1739	within 7 days	within 7 days	
			N = 223	N = 1516		
	Respiratory frequency_bpm *	20 ± 5.9	21 ± 6.2	19 ± 5.9	<0.001
	Tidal volume_ml †	485 ± 139.3	473 ± 123.7	487 ± 141.4	0.38
	RSBI ‡	40 ± 24.3	42 ± 25.8	40 ± 24	0.15
	Mean blood pressure_mmHg ¶	88 ± 15.6	88 ± 14.4	88 ± 15.8	0.80
	Heart rate_bpm µ	90 ± 18.1	93 ± 17.8	89 ± 18.1	0.004
	Hemoglobin_g/dl ˆ	10 ± 1.9	10 ± 1.9	10 ± 1.9	0.022
	Weight_kg	69 ± 12.8	69 ± 12.8	69 ± 12.8	0.93
	Fluid balance at extubation_ml °	282 ± 2193.5	415 ± 2841.7	261 ± 2075.7	0.044
	Fluid balance admission to extubation_ml ¬	850 ± 4423.9	1438 ± 4957.7	758 ± 4330	0.003
	Fluid balance 24-hours after extubation_ml ¤	269 ± 2152.1	430 ± 2487.6	244 ± 2095.2	0.14
	SOFA score	5 ± 3.3	6 ± 3.4	5 ± 3.3	<0.001
	Need of norepinephrine before extubation	833 (47.9)	123 (55.2)	710 (46.8)	0.02
	Maximal norepinephrine dosage before extubation_mcg/kg/min	0.42 ± 0.47	0.47 ± 0.53	0.41 ± 0.46	0.085
	Need of norepinephrine at extubation	446 (25.6)	66 (29.6)	380 (25.1)	0.15
	Maximal norepinephrine dosage at extubation_mcg/kg/min	0.21 ± 0.22	0.25 ± 0.23	0.2 ± 0.22	0.042
	Need of norepinephrine after extubation	527 (30.3)	103 (46.2)	424 (28)	<0.001
	Maximal norepinephrine dosage after extubation_mcg/kg/min	0.23 ± 0.32	0.32 ± 0.33	0.2 ± 0.32	<.001

Data are summarized as mean ± standard deviation or number (percentage). One patient can have more than one comorbidity, reason for ICU admission, reason for intubation. OSAS obstructive sleep apnea, COPD chronic obstructive respiratory disease, SAPSII simplified acute physiologic score, SOFA sequential organ failure assessment, ICU intensive care unit.

X. SUPPLEMENTARY FIGURES

Supplementary Figure 1. Flow chart of the patients with more than 24 hours of invasive mechanical ventilation before extubation 63 Supplementary Figure 2. Flow chart of the patients with more than 48 hours of invasive mechanical ventilation before extubation Supplementary Figure 3. Cumulative incidence of weaning of norepinephrine after extubation in patients with and without obesity, with and without reintubation within 7 days

ABSTRACT

Purpose The aim of this study was to examine in patients with and without obesity whether extubation while still receiving norepinephrine was associated with worse outcomes.

Methods

We performed a retrospective analysis of prospectively collected data from January 1, 2016, to December 31, 2022, from a medical-surgical and transplantation unit of 20 beds. The percentage of patients extubated with norepinephrine and the dose of norepinephrine were assessed.

The primary outcome was reintubation within 7 days. We assessed the associations of norepinephrine doses at extubation with reintubation within 7 days using Cox proportional-hazards models. The analyses were performed in patients with and without obesity. Mots-clés soins intensifs, échec de l'extubation, unité de soins intensifs, réanimation, obésité, noradrénaline, vasopresseurs, sevrage.

Results