BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

1ybuAdoo Aq pajosioid 1senb Aq 20z ‘0T udy uo /wod*lwg uadolwiqy/:dny woly papeojumoq ‘gz0z Arenuer 6T U0 ZT/250-TZ02-uadolwag/9eTT 0T Se paysiand is1y :uado rNg


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Non-invasive ventilation vs oxygen therapy after extubation
in patients with obesity in intensive care units:
The multicentre randomised EXTUB-OBESE study protocol

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-052712

Article Type:

Protocol

Date Submitted by the
Author:

24-Apr-2021

Complete List of Authors:

De Jong, Audrey; University Hospital Centre Montpellier, Département
d'Anesthésie Réanimation B

Huguet, Helena; University Hospital Centre Montpellier

MOLINARI, Nicolas; University Hospital Centre Montpellier, Biostats
Jaber, Samir; University Hospital Centre Montpellier

Keywords:

PREVENTIVE MEDICINE, Adult intensive & critical care < INTENSIVE &
CRITICAL CARE, NUTRITION & DIETETICS

<

e

{OLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag paroslold 1senb Aq +Z0z ‘0T Iudy uo /wod g uadolway//:dny woly pspeojumoq "2z0oz Arenuer 6T U0 ZT/2S50-TZ0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :usdo NG


http://bmjopen.bmj.com/

Page 1 of 37

oNOYTULT D WN =

BMJ Open

Study protocol

Non-invasive ventilation vs oxygen therapy
after extubation in patients with obesity in intensive care units:
The multicentre randomised EXTUB-OBESE study protocol

Audrey De Jong,'? Helena Huguet,® Nicolas Molinari,* Samir Jaber!-?

"Department of Anaesthesiology and Critical Care Medicine B (DAR B), Saint-Eloi Hospital,
University Teaching Hospital of Montpellier, 80 avenue Augustin Fliche, 34295 Montpellier,
France

2PhyMed Exp, Université de Montpellier, INSERM U1046 Montpellier, France
3 Clinical research department of Montpellier university hospital, Montpellier, France

4 IMAG, CNRS, Univ Montpellier, CHU Montpellier, Montpellier, France

Correspondence: Pr Samir JABER, Intensive Care Unit & Anaesthesiology Department,
University of Montpellier Saint-Eloi Hospital. Montpellier, France; 80 avenue Augustin Fliche.
34295 Montpellier Cedex 5, France

Tel: 00. 33. 467. 337. 271; Fax: 00. 33. 467.337. 448; E-mail: s-jaber@chu-montpellier.fr

Abstract word counts: 295 (max 300)
Total word counts:3967 (max 4000)
References, n=35

Table, n=1

Figure, n=2

Supplemental File 1: Patient consent form

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:s-jaber@chu-montpellier.fr
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

ABSTRACT

Introduction:

Patients with obesity are considered to be at high risk of acute respiratory failure (ARF) after
extubation in intensive care unit (ICU). Compared to oxygen therapy, noninvasive ventilation
(NIV) may prevent ARF in high risk patients. However, these strategies have never been
compared following extubation of critically ill patients with obesity. Our hypothesis is that NIV
is associated with less treatment failure compared to oxygen in patients with obesity after

extubation in ICU.

Methods and analysis:

The non-invasive ventilation vs oxygen therapy after extubation in patients with obesity in
intensive care units protocol (EXTUB-obese) trial is an investigator-initiated, multicentre,
stratified, parallel-group unblinded trial with an electronic system—based randomization.
Patients with obesity defined as a body mass index=30 kg/m? will be randomly assigned in the
“experimental-group” to receive prophylactic NIV applied immediately after extubation
combined with high-flow nasal oxygen (HFNO) or standard oxygen between NIV sessions
versus in the “control-group” to receive oxygen therapy alone (HFNO or standard oxygen,).
The primary outcome is treatment failure within the 72 hours, defined as 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 distention).
The single, prespecified, secondary outcome is the incidence of ARF until Day-7. Other
outcomes analysed will include tracheal intubation rate at day-7 and day-28, length of ICU and

hospital stay, ICU mortality, day-28 and day-90 mortality.

Ethics and dissemination:

The study project has been approved by the appropriate ethics committee “Comité-de-
Protection-des-Personnes lle de FranceV-19.04.05.70025 Cat2 2019-A00956-51". Informed
consent is required. The results will be submitted for publication in a peer-reviewed journal
and presented at one or more scientific conferences. If use of NIV shows positive effects,
teams (medical and surgical) will use NIV following extubation of critically ill patients with

obesity.

Trial registration: ClinicalTrials.gov Identifier: NCT 04014920

Strengths and limitations of the study:
e This ongoing pragmatic trial will provide the first comparison of clinical outcomes

between NIV and oxygen to prevent ARF of critically ill patients with obesity.
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e The broad inclusion criteria and the high number of participating ICUs will increase
generalisability and the large sample size will provide the opportunity to examine
strata and subgroups of interest.

e The double randomization will allow to balance groups limiting the confounding factors
and to compare both NIV with oxygen, and HFNO with standard oxygen, and
stratification will allow strata analyses.

e The nature of the study intervention does not allow blinding. However, to limit the risk

of bias, the methodologist will be blinded to the group.

Keywords: Obesity, noninvasive ventilation, preventive, acute respiratory failure, intensive

care unit, high-flow nasal oxygen, NIV, HFNO
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INTRODUCTION
Background and rationale
This manuscript was written in accordance with the SPIRIT guidelines.’

Mechanical ventilation is the artificial support most used in intensive care unit (ICU).2
If weaning and extubation (removal of the tracheal intubation tube) is successful in
approximately 80 to 90% of ICU patients, 10 to 20% will develop acute respiratory failure
(ARF) in the days following extubation.?* This incidence is higher in some selected
subgroups of patients with underlying lung disease (patients with obesity, chronic obstructive
pulmonary disease (COPD), elderly, heart failure, postoperative cardio-thoracic and / or
abdominal surgery ...).>”7
The management of post-extubation ARF combines etiological treatment associated with
ventilatory support which usually requires the use of new endotracheal intubation to deliver
"invasive" mechanical ventilation, associated with excess morbidity and mortality.®°
Obesity is associated with excess morbidity and longer length of mechanical ventilation
compared to the general population.” 1° Effect of obesity on mortality is controversial,** some
studies suggesting a protective or neutral effect of obesity,'? named “obesity paradox”.13 At the
ventilatory level, several combined pathophysiological changes contribute to an increased

incidence of respiratory complications.’”

For over twenty years, non-Invasive Ventilation (NIV) has been used to prevent (“preventive
NIV”) and cure (“curative NIV”’) ARF in ICU patients.’* > An alternative to NIV is the
administration of oxygen via standard oxygen or high-flow nasal oxygen (HFNO)."® 17 In an
observational study of 124 patients, El Sohl et al.’® showed a 16% absolute risk reduction of

ARF using NIV compared to standard oxygen following extubation.

More recently, HFNO has been developed. High flow rates reduce the dilution of inhaled
oxygen and allow precise distribution of FiO2 throughout the inspiratory phase by adapting the

peak flow rate to the patient.’” '® High oxygen flow can also have a washing effect on the dead
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space of the nasopharynx. In addition, a flow-dependent effect helps to generate a continuous
positive end-expiratory pressure (PEEP).2° Finally, the use of a high level of humidity could
prevent alterations of the ciliated epithelium of the respiratory tract, maintain the activity of the
muco-ciliary system, and facilitate the elimination of secretions.?' In a post-hoc analysis of a
large trial of 830 postoperative thoracic patients 22, it was shown that among the 272 patients
with obesity (mean BMI of 34 kg/m?), NIV was not superior to HFNO, with treatment failure
occurring in 15% and 13% in NIV and HFNO groups respectively. Moreover, in 155 post
cardiac surgery patients with obesity, Corley et al.?® compared HFNO with standard oxygen to

prevent ARF, without showing any difference.

However, none of these studies compared simultaneously the most recent devices available:
NIV, HFNO and standard oxygen, nor their association.?* HFNO is now often used,? and the
PEEP issued by HFNO is much lower than that issued by NIV. The benefit of NIV compared
to oxygen therapy (HFNO or standard oxygen) after extubation of critically ill patients with

obesity has never been studied.

In this multicentre, randomised, controlled, interventional study in mechanically ventilated
critically ill patients with obesity, we will test the hypothesis that NIV (associated with HFNO or
standard oxygen between NIV trials) could reduce the rate of treatment failure in comparison
with oxygen therapy alone continuously administered (HFNO or standard oxygen) in patients

with obesity within 72 hours after extubation in an ICU.

Objectives

Primary objective. To determine whether NIV could reduce the rate of treatment failure in
comparison with oxygen within the 72 hours after extubation of critically patients with obesity,
defined as 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 distention).®

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Secondary objectives. To determine whether NIV could reduce the rate of ARF at Day-7 and
other secondary outcomes in comparison with oxygen.
Stratified and subgroups analyses according to variable of stratification (length of mechanical
ventilation < 48 hours vs = 48 hours, type of admission (medical vs surgical), centre, and
patients characteristics will be done.

The main hypothesis is that NIV (associated with HFNO or standard oxygen) could
reduce the rate of treatment failure in comparison with oxygen therapy alone (HFNO or

standard oxygen) in patients with obesity within the 72 hours after extubation in ICU.

Trial design

The non-invasive ventilation vs oxygen after extubation in patients with obesity in intensive
care units (EXTUB-obese) trial is an investigator-initiated, multicentre, stratified, parallel-

group unblinded trial with an electronic system—based randomization.

Patients will be randomly assigned (first randomisation) to receive NIV (experimental group)
or oxygen (control group). A second randomisation will determine the type of oxygen received
in each group: HFNO or standard oxygen. NIV will not be used in the control group. HFNO will
not be used in patients of both experimental and control group who will receive standard
oxygen after second randomization (Figure 1).

The expected duration of the subject participation is 3 months after inclusion in the study.

CONSORT diagram

Figure 1 shows the CONSORT diagram of the EXTUB-obese trial.

METHODS: PARTICIPANTS, INTERVENTIONS AND OUTCOMES

Study setting
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This study will take place in 35 ICUs in France, belonging to a research network that
specializes in the management of critically ill patients and has a particularly high level of

expertise in respiratory care strategies.?®

Eligibility criteria

Inclusion criteria

Patients must be present in the ICU, adult (age = 18 years), covered by public health
insurance, with written informed consent from the patient or proxy (if present) before
inclusion or once possible if the patient has been included in an emergency context, with
obesity defined by a body mass index = 30 kg/m? the day of extubation and require
extubation in intensive care unit after a length of mechanical ventilation of more than 6 hours.
Exclusion criteria

Patients fulfilling one or more of the following criteria will not be included: hypercapnia with a
formal indication for NIV (PaCO2 = 50 mmHg), isolated cardiogenic pulmonary oedema
(formal indication for NIV, patients with pulmonary oedema associated with another ARF
aetiology can be included), tracheotomy, home ventilator, end-of-life decision with decision of
“do not reintubate”, anatomical factors precluding the use of NIV and/or HFNO, previous
extubation during the same ICU stay with previous inclusion in the study, duration of
mechanical ventilation less than 6 hours, age <18 years, pregnant or breastfeeding woman,
protected person, refusal of study participation or to pursue the study by the patient, absence
of coverage by the French statutory healthcare insurance system.

Outcomes

Primary outcome

Primary outcome variable is treatment failure within the 72 hours after extubation, defined as
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

distention).?

Main secondary outcome
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The single, pre-specified, secondary outcome is incidence of ARF until Day-7.

AREF during the first 7 days will be defined by two criteria among the following:?”

1) Hypercapnia (PaCO, > 45 mmHg) with respiratory acidosis (arterial pH < 7.35)

2) Modification of mental state and /or of conscience level (agitation or encephalopathy)

3) Decrease of SpO, < 90% or Pa0O, < 55 mmHg despite a FiO, > 50% and a flow > 10L/min
4) Hemodynamic instability, with a systolic arterial pressure <70 mmHg during more than 30
minutes despite sufficient fluid loading, and/or the use of vasopressors.

5) Abundant secretions and ineffective cough

6) Respiratory rate > 35/min, with signs of respiratory distress.

These criteria will be collected each day until Day-7.

Exploratory outcomes

Other outcomes will be evaluated as exploratory clinical outcomes:

- Oxygenation evaluated by the PaO2/FiO2 ratio until Day-7

- Organ failure until Day-7 assessed with the SOFA score

- Tracheal intubation rate at Day-7, Day-14 or Day-28

- Length of stay in ICU and in hospital

- ICU, Day-28 and Day-90 mortality rates

A separate analysis of each component of the primary secondary outcome will also be
performed.

Interventions

When an extubation is planned by the physician in charge of a patient with obesity, the
patient will receive two consecutive randomizations. A first randomisation will be performed
to allocate the patient in the experimental group to receive intermittent NIV trials or in the
control group to receive continuous oxygen therapy. A second consecutive randomisation will
determine the type of oxygen received in each group. For the experimental group, the

second randomisation will determine the type of oxygen received between NIV trials (HFNO
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or standard oxygen). For the control group, the second randomisation will determine the type
of oxygen continuously administered (HFNO or standard oxygen). NIV will not be used in the
control group. HFNO will not be used in patients of both experimental and control group who
will receive standard oxygen after the second randomization (Figure 1).

In the NIV group, the first NIV session will be offered to the patient within 30 minutes
following extubation. The NIV system will first be explained to the patient by the physician or
nurse and positioned at bedside. The mask will be chosen according to patient’s facial
morphology. The mask will be placed and adjusted to avoid leaks. Recommended positive
end expiratory pressure (PEEP) value will be set to 10 cmH,O (and adapted between 5 and
10 cmH,0 depending on tolerance) and value of pressure support (PS) will be set to obtain a
respiratory rate between 20 and 30 breaths per minute (bpm) and an expired tidal volume in-
between 6 and 8 ml/kg of ideal body weight.

In the experimental group, the recommended length of the intermittent NIV sessions will be
standardized as follows: sessions of 30 to 60 minutes spread through the day and night for a
cumulated time of at least 4 hours with no upper limit during the first 24 hours. NIV weaning
will start 24h after extubation, if respiratory rate is stable and less than 25/minute with a
Pa0,/FiO, ratio of more than 200 mmHg and a PaCO, less than 45 mmHg on the blood gases
at H24. Between NIV sessions, patients will receive oxygen therapy with the same methods

as the control group, with HFNO or standard oxygen.

In both groups, the second randomized device (oxygen device) will be HFNO or standard

oxygen.

HFENO will be used at a flow of 50L/min during the first 24 hours (possibly lowered down to
30L/min if needed by the patient), the FiO, being set to obtain a Sp0,294%. The standard

oxygen will be used in case of Sp0O,<94% without oxygen.

After 24 hours, the device will be pursued if the patient still needs oxygen, until the discharge
from ICU or the absence of need of oxygen. The patient will be followed during his ICU stay

and hospital stay until discharge or death. The follow-up will be stopped at 3 months.
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Participant timeline

Participant timeline is presented in Table 1 and Figure 2.

Sample size

Two intermediate analyses will be performed after inclusion of 250 and 500 patients (stop for
efficacy or safety). Assuming the overall p-value for the trial is 0.05, the p-value threshold is
0.001 for the two interim analyses and 0.05 for the final analysis (Haybittle-Peto boundary).
Based on a 12% composite endpoint rate in the oxygen group (Free rea study*) and a decrease
of 50% of the composite endpoint rate to 6% in the NIV group,'® with an alpha risk set at 5%,
to obtain a 80% power for demonstrating superiority for the primary outcome, we need 954
patients (477 in each group) to demonstrate a superiority of NIV to oxygen therapy. In order to
take into account loss of follow-up and intubation for surgical procedures without criteria of

ARF, we will include 1000 patients.

Recruitment

Patients are expected to be included during a two years’ inclusion period starting October
2019. Among the 35 participating centres, each centre would need to include 1 to 2 patients
per month during the 24 months-study period.

March 2019-September 2019: Protocol, approvals from ethics committee, and trial tool
development (case report form, randomisation system).

October 2019 to September 2021: Inclusion of patients.

October 2021 to December 2021: Cleaning and closure of the database.

January 2022-September 2022: Data analyses, writing of the manuscript and submission for

publication.

METHODS: ASSIGNMENT OF INTERVENTIONS
Allocation and sequence generation

Randomisation will be managed by the clinical research unit of Montpellier University Hospital

with Capture System software (Ennov Clincalt, randomization module). The randomization will

10
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be centralized and available online. It will be stratified on centre,?® 2 length of mechanical
ventilation (<48 hours vs = 48 hours) and on type of admission (medical vs surgical), balanced

with a 1:1 ratio and minimization.

Blinding
Given the nature of the devices, a blinded design is not possible for the investigator and

associate investigator. The methodologist will be blinded to the group.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS

Data collection and management

Data will be collected and recorded on electronic case report forms by trained local research
coordinators or physicians. Patients will receive standard ICU monitoring consisting of
electrocardiogram analysis, peripheral oxygen saturation, and a noninvasive blood pressure
cuff.

The day of extubation (from HO to H24), the following data will be collected: Socio-
demographic data, SAPS Il score, length of stay in ICU before inclusion, length of
mechanical ventilation before inclusion, reason for intubation, comorbidities, hemodynamic
parameters (arterial pressure, heart rate, vasopressors use), ventilatory parameters
(respiratory rate and SpO,), spontaneous breathing trial characteristics (if performed),
oxygenation and if performed NIV characteristics and the SOFA score.

From Day-1 to Day-7 the investigator or designated study personnel will record the criteria
for the main outcome (reintubation, oxygenation method (continued, stopped, changed)) and
for the secondary outcomes (ARF, oxygenation, reintubation, mortality). They will also
assess reason for intubation, hemodynamic variables (arterial pressure, heart rate,
vasopressors use), ventilatory variables (respiratory rate and SpQO.,), oxygenation and if

performed NIV characteristics.

11
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Length of stay in ICU will be evaluated. At ICU discharge, day 28 and Day 90, mortality rate

will be evaluated.

Statistical methods

The statistical analysis will incorporate all the elements required by the CONSORT statement
for non-pharmacological interventions. Statistical analysis will be performed in an intention
to-treat population, including all the randomised patients except patients who withdraw their
consent, do not meet the inclusion criteria or worsened just before extubation and were not
extubated. Then, a per-protocol analysis will be performed, excluding the reintubation for
surgical procedures without criteria of ARF.

All analyses will be conducted by the medical statistical department of the Montpellier
University Hospital using statistical software (SAS, version 9.4; SAS Institute; Cary, NC,
USA, and R, version 3.6.2). A two-sided p value of less than 0.05 will be considered to
indicate statistical significance.

Description of the patient groups at baseline

The baseline features of the overall population and of each group will be described.
Categorical variables will be reported as frequencies and percentages and continuous
variables as either means with SDs or medians with interquartile ranges.

Primary Analysis

Uncorrected chi square test will be used for primary outcome analysis (comparison of the
composite criteria at H72 combining reintubation for invasive mechanical ventilation, the
switch to the other study treatment or the premature study treatment discontinuation).

A logistic regression will be used for the analysis of the main criteria with odds ratio of failure
calculation, before and after adjustment on confounding variables despite the randomization.
A supplementary analysis on the main criteria will be done for the time without treatment
failure, per study group, using the log rank test. A Cox model will be performed for the time

without treatment failure, before and after adjustment. Covariates will be defined as binary

12
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variables and continuous variables dichotomised according to their median tested in the
model, and will be selected in a backward selection procedure if p<0.15 in the univariate
analysis and then presented as adjusted odds ratios (ORs) or adjusted Hazard Ratios (HRs)
with 95% Cls. A centre effect will be checked using a mixed effect model, considering the
centre both as a random and then a fixed variable. Interactions between variables will be
tested.

Then, stratified and subgroups analyses according to variable of stratification (length of
mechanical ventilation < 48 hours vs = 48 hours, type of admission (medical vs surgical),
center) and patients characteristics will be done.

A centre effect will be checked using a mixed effect model, considering the centre both as a
random and then a fixed variable. Interactions between variables and time will be tested.
Secondary Analyses

Continuous outcomes will be compared with the Student t test or Mann-Whitney rank-sum test
according to the conditions of application and categorical variables with the chi-square test or
the Fisher exact test, according to the conditions of application. Then, stratified and subgroups
analyses according to variable of stratification (length of mechanical ventilation < 48 hours vs
= 48 hours, type of admission (medical vs surgical), centre), type of oxygenation (second
randomisation) and patients characteristics will be done.

Interim analysis

This trial will be planned with two interim analyses after the observation of the primary outcome
of 250 and 500 patients. The interim analysis will be planned for early stopping of the study
owning to safety (as defined by mortality within 7 days) or efficiency on the primary outcome
after the first 250 and 500 patients included assuming the overall p-value for the trial is 0.05,
p-value threshold is 0.001 for the two interim analyses and 0.05 for the final analysis (Haybittle-

Peto boundary).

Handling of Missing Data

13
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Based on prior trials in similar settings, we anticipate less than 5% missing data for the
primary outcome. For the primary analysis, missing data will not be imputed.
Corrections for multiple testing

We have pre-specified a single primary analysis of a single primary outcome. For the

exploratory outcomes, a False Discovery Rate method® will be used.
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METHODS: MONITORING

Data monitoring

Before the start of patient recruitment, all physicians and other healthcare workers in the
ICUs will attend formal training sessions on the study protocol and data collection.

The physicians and a clinical research nurse and/or clinical research assistant are in charge
of daily patient screening and inclusion, ensuring compliance with the study protocol and
collecting the study data, with blinded assessment.

Harms

Since the devices used (NIV, HFNO, standard oxygen) are already marketed and used in
current clinical practice, the use of these devices does not seem likely to generate a significant
risk during this protocol.

Regarding the vigilance of the project, the responsibilities of the investigator and sponsor, the
reporting of serious adverse events (AE), annual safety reports will be monitored and carried
out in accordance with regulations.

Complete and appropriate data on all AEs experienced during the clinical trial will be recorded
on the AE form of the case report form on an ongoing basis for the duration of the study. Each
AE report shall include a description of the event, an assessment of its seriousness according
to the criteria listed above, its duration, intensity, relationship to the study treatment, other
causality factors (if any), any concomitant medication dispensed, actions taken with the study
device or other therapeutic interventions and outcome at the end of the observation period.

For each AE, a separate AE form will be filled in.
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ETHICS AND DISSEMINATION

Research ethics approval

This research involving humans will be conducted in compliance with French 'Loi n°2012-300
du 5 mars 2012 relative aux recherches impliquant la personne humaine (Loi Jardé), 'Loi N°78-
17 du 6 janvier 1978 modifiée relative a I'lnformatique, aux fichiers et aux Libertés')

This study will be conducted in accordance with Good Clinical Practice (GCP), as defined by
the International Conference on Harmonisation (ICH).

The study project has been approved by the ethics committee “Comité de Protection des
Personnes lle de France V 19.04.05.70025 Cat 2 2019-A00956-51". The EXTUB obese
study is conducted in accordance with the declaration of Helsinki and is registered on at

http://www.clinicaltrials.gov (NCT 04014920).

Consent or assent

Three methods of consent will be used, as required by the institutional review board in
accordance with the 2013 Declaration of Helsinki. If possible, the patient will be included
after written informed consent. However, the patient often cannot understand information
given because of underlying disease. These patients will be included after written informed
consent is provided by next of kin or an emergency procedure (investigator signature) if next
of kin is not present. When possible, after recovery, patients will be retrospectively asked for
written consent to continue the trial. Informed consent material is available in Supplemental
file 1.

Patient and public involvement

The development of the research question and outcome measures was not informed by
patients’ priorities, experience, and preferences. Patients were not involved in the design,
recruitment and conduct of the study. The burden of the intervention will not be assessed by
patients themselves. The results will be available for study participants on demand. No
systematic disseminating of the results for study participants is planned.

Confidentiality
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Data will be handled according to French law. All original records will be archived at trial sites
for 15 years. The clean database file will be anonymized and kept for 15 years.

Declaration of interest

The study is an investigator-initiated trial. Study promotion is performed by Montpellier
University Hospital, Montpellier, France. There is no industry support or involvement in the
trial.

Dissemination policy

Findings will be published in peer-reviewed journals and presented at local, national and
international meetings and conferences to publicise and explain the research to clinicians,
commissioners and service users. All investigators will have access to the final data set.

Participant-level data sets will be made accessible on a controlled access basis.
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DISCUSSION

To the best of our knowledge, the EXTUB OBESE trial is the first pragmatic randomised
controlled trial powered to investigate if NIV reduces treatment failure at H72 after extubation

of ICU patients with obesity, compared to oxygen therapy (HFNO or standard oxygen).

NIV has proven effective in small observational studies in preventing post-extubation ARF in
patients with obesity, in an ICU or postoperative setting.'" 8 3133 The control group was
standard oxygen therapy, which was the standard of care a few years ago. Nowadays, HFNO
is used more and more, and has proven to be non-inferior to NIV in ARF patients following

cardiothoracic surgery and in high risk patients after extubation in the ICU.522

A published study® was designed to assess NIV in a large population of patients older than 65
years or with underlying chronic cardiac or respiratory disease. In this multicentre, randomised,
open-label trial, the authors found that HFNO with NIV, compared with HFNO alone, decreased
the rate of reintubation within the first 7 days after extubation in the ICU. However, patients
with obesity were only included if they had underlying chronic cardiac or respiratory disease,
such as obesity hypoventilation syndrome. The current study aims to assess all patients with
obesity after a length of invasive mechanical ventilation of at least 6 hours. The stratification
of randomization according to the length of mechanical ventilation (less or more than 48 hours)
and the type of admission (medical versus surgical), will allow to conclude on several strata of

patients with obesity and different severities and profiles.

One of the strengths of the study is that the two consecutive randomizations will allow to
balance the groups limiting the confounding factors. Moreover, the double randomization will
allow to compare both NIV with oxygen, and HFNO with standard oxygen, and stratification
will allow strata analyses.

One other strength is that the team has extensive experience in performing studies about NIV
and HFNO or standard oxygen, such as the randomised controlled trials OPERA study** and

NIVAS study.3® The research networks involved in the NIVAS study®® and of the FREE-REA?,
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FRIDA-REA?® and STYLETO? 36 study groups will be used. No industry will be involved, and
HFNO and NIV are available and widely used in all participating centres, another strength of

the study.

One of the limitations is that given the nature of the devices, a blinded design is not possible
for the investigator and associate investigator. However, to limit the risk of bias, the
methodologist will be blinded to the group.

In conclusion, the EXTUB obese trial is the first investigator initiated pragmatic randomised
controlled trial powered to test the hypothesis that NIV is associated with less treatment
failure compared to oxygen in patients with obesity within the 72 hours after extubation in an

ICU.

Trial status

The trial has started and is actively enrolling since October 2019.

Abbreviations

NIV: Non-Invasive Ventilation; HFNO: High Flow Nasal Humidified Oxygen Therapy; ARF:
acute respiratory failure; ICU: Intensive Care Unit; SOFA: Sequential Organ Failure

Assessment; SAPS: Simplified Acute Physiology Score II; AE: Adverse Event
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Table 1. Participant timeline

Item Screening/Baseline Final visit
Visit 1 Visit 2 Visit 3 Visit 4

Day-28 or

Date Ho H72 ICU Day-90
discharge

Clinical evaluation X X X

Informed consent X

Medical history X

Demography X

Physical examination X

Vital signs’ X

Routine laboratory

testing? X X X

Experimental treatment X X X

Endpoints evaluation® X X X X

Adverse events recording X X X

" include hemodynamic parameters (arterial pressure, heart rate, vasopressors use), respiratory rate,

ventilatory parameters (respiratory rate and pulse oxymetry)

2 arterial blood gases, as usually performed for the daily patient care during the first 72 hours if an arterial

catheter was in place. Supplementary blood gases will be done according to the clinical state of the

patient. Blood gases will be also done before the re-intubation if an acute respiratory failure following

extubation occurs.
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FIGURES LEGENDS

Figure 1: Consort diagram of the EXTUB OBESE Trial

NIV = Non Invasive Ventilation; HFNO = high-flow nasal cannula oxygen; BMI = body mass

index;

Figure 2: Timeline of data collection
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Patients admitted to intensive care units |

—PI Excluded : intubation before the admission in intensive care units

v

Patients intubated in intensive care units |

Excluded: Hypercapnia with formal indication for NIV, isolated cardiogenic
pulmonary edema, tracheatomy, home ventilator, decision of “do not
reintubate”, anatomical factors precluding the use of NIV and/or HFNO,

2 previous extubation during the same intensive care stay with previous
inclusion in the study, duration of mechanical ventilation less than 6 hours,
age <18 years, pregnant or breastfeeding woman, protected person,
absence of coverage by the French statutory healthcare insurance system

v

Patients extubated in intensive care units |

—-l Excluded: patients with BMI less than 30 kg/m? the day of extubation

y

Patients with obesity (BMI = 30 kg/m?) extubated in intensive care units |

i

First allocation
Follow-up until death or Day-90 after randomisation

v

NIV group
500 patients

l

!

Oxygen group
500 patients

{

Second allocation:
Follow-up until death or Day-90 after randomisation

|

'

!

|
' i

NIV with
HFNO
250 patients

NIV with
Standard oxygen
250 pa