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Research in context

Evidence before this study
We searched PubMed for articles published in English or with abstracts in English language up to Sept 23, 2022,

2 13

with the Medical Subject Heading terms (‘“non-invasive ventilation”, “high-flow nasal oxygen”, “extubation
failure”, “prevention”) and either the supplementary concept (“obese”) or (“obesity”). The search identified 11
manuscripts; review of these identified three additional manuscripts. Of the total 14 publications, one manuscript
reported a post-hoc analysis of a randomised controlled trial, that did not focus on the specific population of
obesity, that analysed clinical data from non-invasive ventilation (N1V) and high-flow nasal oxygen (HFNO) to

prevent extubation failure in patients with obesity.

Added value of this study

In this randomised clinical trial that included 981 patients, the use of NIV following extubation of critically ill
adult patients with obesity resulted in significantly lower treatment failure within 3 days (primary outcome) than
did the use of oxygen therapy alone. There was no significant difference on the reintubation rate in the intention-
to-treat analysis. The use of NIV also resulted in lower reintubation rate within 3 days in the per-protocol and
post-hoc crossover analyses. NIV, whether associated with standard oxygen or high-flow nasal oxygen, was
superior to both standard oxygen alone or high-flow nasal oxygen alone.

Implications of all the available evidence

For routine management following extubation of critically ill patients with obesity, using NIV is safe and
decreases treatment failure within 72 h. High-flow nasal oxygen should not replace NIV for preventing
reintubation in the specific population of critically ill patients with obesity. 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.
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Summary
Background

Non-invasive ventilation (NIV) and oxygen therapy (high-flow nasal oxygen [HFNO] or standard oxygen)
following extubation have never been compared in critically ill patients with obesity. We aimed to compare NIV
(alternating with HFNO or standard oxygen) and oxygen therapy (HFNO or standard oxygen) following
extubation of critically ill patients with obesity.

Methods

In this multicentre, parallel group, pragmatic randomised controlled trial, conducted in 39 intensive care units in
France, critically ill patients with obesity undergoing extubation were randomly assigned (1:1) to either the NIV
group or the oxygen therapy group. Two randomisations were performed: first, randomisation to either NIV or
oxygen therapy, and second, randomisation to either HFNO or standard oxygen (also 1:1), which was nested
within the first randomisation. Blinding of the randomisation was not possible, but the statistician was masked to
group assignment. The primary outcome was treatment failure within 3 days after extubation, a composite of
reintubation for mechanical ventilation, switch to the other study treatment, or premature discontinuation of
study treatment. The primary outcome was analysed by intention to treat. Effect of medical and surgical status
was assessed. The reintubation within 3 days was analysed by intention to treat and after a post-hoc crossover
analysis. This study is registered with ClinicalTrials.gov, number NCT04014920.

Findings

From Oct 2, 2019, to July 17, 2021, of the 1650 screened patients, 981 were enrolled. Treatment failure occurred
in 66 (13-5%) of 490 patients in the NIV group and in 130 (26-5%) of 491 patients in the oxygen-therapy group
(relative risk 0-43; 95% CI 0-31-0-60, p<0-0001). Medical or surgical status did not modify the effect of NIV
group on the treatment-failure rate. Reintubation within 3 days after extubation was similar in the non-invasive
ventilation group and in the oxygen therapy group in the intention-to-treat analysis (48 (10%) of 490 patients and
59 (12%) of 491 patients, p=0-26) and lower in the NIV group than in the oxygen-therapy group in the post-hoc
cross-over (51 (9%) of 560 patients and 56 (13%) of 421 patients, p=0-037) analysis. No severe adverse events
were reported.

Interpretation

Among critically ill adults with obesity undergoing extubation, the use of NIV was effective to reduce treatment-
failure within 3 days. Our results are relevant to clinical practice, supporting the use of NIV after extubation of
critically ill patients with obesity. However, 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.



Introduction

The growing obesity epidemic worldwide has been well documented.1l 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.4,5

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 High-
flow 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).16

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 lle 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/m? 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); end-
of-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 a 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 x? square test. The absolute
difference, relative risk, and corresponding 95% Cls 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/m?2 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.21

Relative risks and absolute differences in primary, secondary, and exploratory outcomes were reported with the
use of point estimates and 95% Cls. 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.



1650 patients assessed for eligibility

660 ineligible
52 had hypercapnia with formal indication for NIV
16 had isolated cardiogenic pulmonary edema
12 had tracheotomy
284 had home ventilator
43 had decision of *do not reintubate®
15 had anatomical factors precluding the use of NIV and/or HFNO
—| 27 had previous extubation during the same intensive care stay
with previous indusion in the study
183 had duration of mechanical ventilation less than 6 h
4wereyounger than 18 years
8were pregnant or breastfeeding
12were protected person or not covered by the French statutory
health-care insurance system

13 did not provide informed consent
y
981 enrolled
981 randomised
490 were assigned to NIV and included in the 491 were assigned to cxygen therapy and
intention-to-treat protocol induded in the intention-to-treat protocol
245were assigned to NIV 245 were assignad to NIV 246 were assigned to HFNO 245 were assigned to standard
alternating with HFNO altemating with standard alone axygen alons
@ygen
24 were excluded 18 were excuded
3 had BMI <30 kg/m’ 3 had BMI<30 kg/m’
—| 5 had homeventilator ! 5 had homeventilator
16 were reintubated in the first 72 h 10 were reintubated in the first 72 h
for a procedure for a procedure
y A
466 received NV and were induded in the 4773 received oxygen therapy andwere induded
per-protocol population inthe per-protocol population
233 received NIV altemated 233 received NIV alternated 234 received HENO alone 239 received standard axygen
with HENO with standard axygen alone

Figure 1: Trial profile

NIV=non-invasive ventilation. HFNO=high-flow nasal oxygen.




NIV group (n=490)  Oxygen therapy group (n=491)
Age years 61(14) 61(14)
Male sex 311 (63%) 286 (58%)
BMI at admission, kg/m’ 351 (4:8) 352 (54)
BMI the day of extubation, kg/m’ 354 (4:9) 355(53)
SAPS Il at admission* 43(18) 43(18)
SOFA score at admissiont 70(37) 7:0(37)
Comorbidities
Obesity type android 300/451(69%) 302/463 (65%)
Alcohol abuse 92 (19%) 80 (16%)
Active smoking 116 (24%) 107 (22%)
Psychotropic treatment 57 (12%) 58 (12%)
Diabetes 153 (31%) 167 (34%)
Systemic hypertension 271(55%) 267 (54%)
Coronary disease 68 (14%) 68 (14%)
Cardiac insufficiency 31(6%) 21(4%)
Chronic renal failure 36(7%) 50 (10%)
Chronic liver failure 26 (5%) 26 (5%)
Cirrhosis 57 (12%) 59 (12%)
Chronic respiratory failure 14 (3%) 12 (2%)
Chronic Obstructive Pulmonary disease 37(8%) 36(7%)




Main reason for ICU admission

Post operative 189 (39%) 196 (40%)
Cardiac arrest 17 (3%) 10 (2%)
Septic shock 69 (14%) 57 (12%)
Cardiogenic shock 5(1%) 8 (2%)
Haemorrhagic shock 20(4%) 29 (6%)
Anaphylactic shock 2(<1%) 1(<1%)
Trauma 21(4%) 26 (5%)
Drug overdose 10 (2%) 6 (1%)
Ascitic decompensation 8 (2%) 6 (1%)
Acute renal failure 5(1%) 5 (1%)
Acute respiratory failure 112 (23%) 119 (24%)
Others 32(7%) 28 (6%)
Main reason for intubation
Acute respiratory failure 150/487 (31%) 147 (30%)
Shock 23/487 (5%) 27 (5%)
Cardiac arrest 18/487 (4%) 10 (2%)
Coma 52/487 (11%) 51(10%)
Before procedure} 220/487 (45%) 238 (48%)
Others 24/487 (5%) 18 (4%)
COVID-19 disease 60/485 (12%) 60 (12%)
Length of invasive mechanical ventilation before extubation, h
Overall patients 53(13-183) 56 (14-179)
Medical patients§ 144 (69-282) 164 (69-269)
Surgical patients] 17 (10-76) 21(10-72)

Data are n/N (%), and mean (SD), or median (IQR). BM=body-mass index. ICU=Intensive Care Unit. NIV=non-invasive
ventilation. SAPS=Simplified Acute Physiologic Score. SOFA=Sequential Organ Failure Assessment. * At admission to the
ICU, data on SAPS llwere missing for 20 (4%) patients in the NV group and 13 (3%) in the oxygen group; the SAPS Il is
calculated from 17 variables and has a total range from 0 to 163, with higher scores indicating greater severity of disease.
tAtadmission to the ICU, data on SOFA score were missing for 45 (9%) patients in the NIV group and 35 (7%) in the
oxygen group. $Before procedure denoted that patients were intubated fora procedure, surgical or endoscopic. §Data for
medical patients are reported for the 396 medical patients, 198 in the NIV group and 198 in the oxygen group. f[Data for
surgical patients are reported for the 585 surgical patients, 292 in the NIV group and 293 in the cxygen group.

Table 1: Baseline characteristics of the participants




NVgoup  Oxygentherapy Absolutediference  Relativerisk (5% (1) pvalue
(n=490)  group(n=491)  (95%C)

Primary outcome: treatment fafue 0%  BR6K)  -BOFTIb-BY) 043(031080) <0000
Renubationvithin Jdasafteroxubation ~ 4B(10%)  S9(%)  2(bi17)  oBORMY 026
Switchto the other sty teatmen 0 07(14%)  -137(167t0-106) 00064(00004t0010) <0000

Prematurecscontinuaton o studytreatmentt 16 (4%) 4(1%) 29(10tod7)  42(15t120) 0002

Mainseconday outcome:acuterespiratoryfalre — S4/4B9(11%) 700490 (L4%)  -32(741009)  075(051t01409) 083
witin daysfte etubation

Explratoryt

Rentubationwithin 7 daysaterectbation ~~ 68/4B0(04%)  TIAS0(16K)  -1¢63to2)  of7(0fito13) 0w
Rentubatonvithin Mdasafterectubation ~~ SABO(ITY)  O54O0(19K)  28f76020)  0B(bowll) 0w
Reintubationvithin 28 daysafterectubationf ~ 774B0(18%)  105490(t%)  36(Bbto13)  07(Btoreg) 0%

ICUlength ofstayf (days 67(67)  B9(FY  DI9FLLto06E) - 094
Hositl length of stay (days W@y B o33y - 0%
ICUmoralty 980(6%) WA0EY)  036(34t27)  0%4(0%6to1h) 0%
28-day mortalty 000K 040(0%  DTET02)  0B(0St1Y) 0
0-ay moralty SMB6(0%) SN ORS00I 0%

Data are VN () and mea (S0), HR=hazard aio ICU-intensiv care unit NV=non-nvasve ventilaion *Switch o the other studyreatment was considered ncase ofuse
of e other reatment s rescue therapy without subsequent ntubation. I cas o eintubation, the patient expeencing rescue therapy was consideredin te einfubation
Within 3 daysaferextubaion group. tPemature study-treatment iscontinuation s defnel asdscontinuation of N or ygen therapyat the equestofthe atient
beforecompletion o e sssiom of N ofalast 30 minutes i the NIV group o efore 2 hours farygen therapy nthe xygen therapy aroup or for edial easonssuch
a5 gasricistention e p value forthe exploratoy clinicloutcomes was comecte by thefal discoveryrate method. 64 post-hoc analysiswas done for the cumulatve
incifence ofrintubation within 28 days,per sty group, using the g rank st A Cox modelwas prfomed withoutacustment (R 081, 95%C1061-101, p=0.15
fgure 52 inappeni), F0ataon CU and hospitl engthoftay were missing forone 1) patient inthe N group and one (<L) ptient i the oygentherapy grup.

Table 2: Outcomes




Treatment failure Relative risk fortreatment  p value for
failure (95% CI) interaction
NV Orygentherapy
Randomisation variable
Type of axygen therapy administered 050
Standard oxygen US(12TY)  GTUS(74%) HH 029 (0:7-049)
High-low nasal axygen 31245(143%) 631246 (25:6%) b-a—i 044(027-073)
Stratification variables
Type of admission 038
Surgical 30292 (134%) 707293 (239%) —— 049(032-076)
Medial VNB(136%) 60198303 e 037 (022-061)
Length of ventilation 034
<48h 30239(126%)  SU23521:7%) —— 052(032-085)
+48h WS4 TUB6R0%%  HH 038 (024-059)
Subgroup variable
COVID-19 disease 016
Yes 860(133%)  2460(400%)  H— 024(010-059)
No SIS (134%) 105427 (246%) H 048(033-068)
Overall 66/490 (135%) 130/491(26:5%) - 043(031-060)
1 |
0 1 2
—
Favours NIV Favours oxygen therapy

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. NIVV=non-
invasive ventilation.

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 22, 25).

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).
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C Cumulative incidence of reintubationwithin 3 daysafter per-protocol analysis
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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



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 O to day 7 (appendix pp 27-28). 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.23 For these reasons, we chose a pragmatic composite primary outcome that was previously used in the



multicentre randomised trial of Stephan and colleagues.19 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.19 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.19 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.19 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.27

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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