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ABSTRACT

Introduction Fasting is frequently imposed to patients
before extubation in the intensive care unit based on
scheduled surgery guidelines. This practice has never
been evaluated among critically ill patients and may delay
extubation, increase nursing workload and reduce caloric
intake. We are hypothesising that continuous enteral
nutrition until extubation represents a safe alternative
compared with fasting prior to extubation in the intensive
care unit.

Methods and analysis Adult patients ventilated more
than 48 hours and receiving pre-pyloric enteral nutrition
for more than 24 hours are included in this open-label
cluster randomised parallel group non-inferiority trial.

The participating centres are randomised allocated to
continued enteral nutrition until extubation or 6-hour
fasting (with concomitant gastric suctioning when feasible)
prior to extubation. The primary outcome is extubation
failure (ie, reintubation within 7 days following extubation).
Ethics and dissemination This study has been approved
by the national ethics review board (comité de protection,
des personnes Sud Mediterranée Ill No 2017.10.02 bis)
and patients are included after informed consent. Results
will be submitted for publication in peer-reviewed journals.
Trial registration number ClinicalTrials.gov Registry
(NCT03335345).

INTRODUCTION

Extubation is a critical phase in the intensive
care unit (ICU), with a risk of failure, that
is, reintubation within the week following
extubation, reported in about 15% of extu-
bated patients." Extubation failure is strongly
associated with the occurrence of nosoco-
mial pneumonia.2 An important mechanism
potentially implicated in this relationship is
the aspiration of digestive secretions.” The
risk is particularly high after extubation, due
to oropharyngeal dysfunction, lasting several
hours after the removal of the endotracheal
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Strengths and limitations of this study

» This is the first pragmatic randomised multicentre
study comparing fasting or continuous enteral feed-
ing before extubation, a very common practice in
intensive care units.

» We chose a strong patient-centred primary out-
come: extubation failure.

» Cluster randomised design is well adapted to ad-
dress this research question but required to design
a pragmatic trial in order to improve feasibility of
recruiting a large number of patients.

» This is an open study without blinding.

» The centres participating in this research are not all
universities and therefore do not have the same im-
pedance to research.

tube protecting the airways. Furthermore,
in case of reintubation, general anaesthesia
induction, which abolishes the protective
reflexes of the airways, also represents a situ-
ation potentially at high-risk of aspiration.
Therefore, many clinicians recommend a
fasting period before extubation.* This prac-
tice, based on guidelines for planned intu-
bation and extubation related to scheduled
surgical procedures, has never been evalu-
ated for extubation of critically ill patients.
Of note, fasting, beyond the extra workload
(interrupting feeding, switching to intrave-
nous nutrition delivery, adapting glycaemic
control) may have deleterious effects in some
patients, by delaying extubation to ensure
obtaining an empty stomach and decreasing
energy intake. Indeed, up to one-third of the
caloric deficit observed in critically ill patients
has been attributed to airway management
procedures.” © Although of short duration,
this deficit, particularly if repeated due to
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iterative fasting periods for planned extubation attempts
that do not actually take place, could have a significant
impact in some patients. Insufficient caloric intake may
favour nosocomial infections and muscle wasting, there-
fore delaying weaning of mechanical ventilation and
impact postintensive care outcome.”!" The hypothesis
underlying the current trial is that the pursuit of enteral
nutrition until extubation is not associated with an
increased risk of failure compared with fasting prior to
extubation.

METHODS AND ANALYSIS

Trial design

This is an open-label cluster randomised parallel group
non-inferiority trial comparing fasting versus continuous
enteral nutrition before extubation. Our main hypothesis
is that the incidence of extubation failure will be similar
in both groups. A total of 1100 patients will be included.
The trial will be carried out in 22 centres, each centre will
apply the same allocated strategy to all patients. This study
is pragmatic in nature and will be conducted as an open
trial. Blinding, although theoretically feasible, would be
extremely cumbersome and costly to implement in this
pragmatic academic trial.

Justification of the cluster-based randomised design

The study design, with cluster randomisation, is appro-

priate given the constraints and objectives of the study:

1. This design is suitable for studies analysing care prac-
tices. This study focuses on practices combining several
medical and nursing procedures (fasting before extu-
bation, suctioning via the gastric tube, possible paren-
teral compensation of the enteral fasting) rather than
evaluation of a medical device or the administration of
a single drug. Cluster randomisation, by attributing a
single strategy to each of the participating centres, sim-
plifies the implementation of the strategy, favouring
adherence to the protocol. Individual randomisation,
by obliging the care teams to apply different protocols
to different patients, would be counterproductive.

2. The cluster randomised design is particularly suitable
for a non-inferiority study. Indeed, any cross-arm con-
tamination is highly deleterious because it may wrong-
ly favour a conclusion of non-inferiority. The present
study design, with parallel cluster randomisation, pre-
vents interarm contamination, in that each unit will
use only one of the strategies evaluated.

Eligibility criteria

Inclusion criteria

All patients will be included consecutively if they fulfil the

following criteria:

» Patient hospitalised in a participating ICU.

» Invasive mechanical ventilation for at least 48 hours at
the time of extubation decision.

» Pre-pyloric enteral nutrition for at least 24hours at
the time of extubation decision.

» Age =18 years.

Exclusion criteria

Decision not to reintubate the patient.

Patient under guardianship or trusteeship.
Pregnancy or breast feeding.

Lack of social security coverage.

Patient with a tracheostomy.

Patient fed by post-pyloric enteral nutrition (jejunal
tube).

» Patient already included in the trial.

VvyVvyVYyYVYY

Outcomes

Primary outcome

Proportion of patients experiencing extubation failure
within 7days following extubation. Extubation failure is
defined as any reintubation or attempt of reintubation.
Patients dying or tracheostomised within 7 days of extuba-
tion will be considered as extubation failures.

Secondary outcomes

» Semiquantitative measurement of the nursing work-
load: Visual Analogue Scale evaluating nursing
workload during the 6hours preceding extubation,
during extubation and during the 6hours following
extubation.

» Proportion of patients with hypoglycaemia (<0.7g/L)
and hyperglycaemia (>2g/L) the day before extu-
bation, on the day of extubation and during the day
after extubation.

» Proportion of patients with one or more episodes of
nosocomial pneumonia in the ICU within the 14 days
following extubation. Nosocomial pneumonia diag-
nosis will be adjudicated at the end of the study.

» Proportion of patients undergoing unprogrammed
oxygen therapy within 7 days following extubation (ie,
for respiratory failure, not as implemented routinely
in the post-extubation period).

» Proportion of patients undergoing unprogrammed
non-invasive ventilation within 7days following extu-
bation (ie, for respiratory failure, not as a systematic
prophylactic measure in the post-extubation period).

» Proportion of patients with at least one episode of
tachypnoea exceeding 30 cycles/min within 7days
following extubation.

» Proportion of patients with extubation failure within
7days of extubation attributable to the aspiration of
digestive secretions as determined by the investigator.

» Proportion of patients with extubation failure at
48 hours and 72hours after extubation (same defini-
tion as the primary outcome).

» Total caloric intake (enteral and parenteral): the day
before extubation, the day of extubation and the day
after extubation.

» Duration of the episode of invasive mechanical venti-
lation before the extubation motivating study inclu-
sion. For patients with several invasive mechanical
ventilation episodes, this duration starts with the last
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intubation before extubation within the study. For
patients intubated outside of the study unit, this dura-
tion starts at admission in the ICU participating in the
study.

» Duration between the first successful spontaneous
breathing trial and extubation.

» Duration of ICU stay.

» Proportion of patients dying in the ICU.

Screening

All ventilated patients referred to a participating clinical
trial site will be considered for participation (screened).
Inclusion and exclusion of patients will be reported
according to the Consolidated Standards of Reporting
Trials (CONSORT) statement.

Intervention

» Maximal gastric vacuity strategy: interruption of
enteral nutrition at least 6hours before extubation
and concomitant continuous suctioning via the gastric
probe (if of an appropriate size) for 6hours before
extubation. Choice to maintain the gastric probe after
extubation is left to the discretion of the attending
clinician. Choice and modalities used to reinitiate
solid and/or liquid oral nutrition is left to the discre-
tion of the attending clinician as well as parenteral
caloric intake.

» Maintenance of caloric intake strategy: maintenance
of the enteral caloric supply at the same flow rate
until extubation. No suctioning via the gastric probe
before, during or after extubation. Choice to maintain
the gastric probe after extubation is left to the discre-
tion of the attending clinician. Choice and modalities
used to reinitiate solid and/or liquid oral nutrition is
left to the discretion of the attending clinician as well
as parenteral caloric intake.

Statistics

General

The study data will be analysed by CIC INSERM 1415,
CHRU Tours, France, with R softwaure,12 in accordance
with the present pre-established statistical analysis plan.
No intermediate analysis will be performed. A report
on the statistical analysis will be written. We will comply
with the recommendations of the CONSORT statement,
and the three extensions relating to this trial (cluster
randomised trials, non-pharmacological interventions
and non-inferiority trials).

Definition of the populations for analysis

As this is a non-inferiority study, analyses will be performed

according to both the intention-to-treat and per-protocol

principles.

» Intention-to-treat analysis: all patients included in the
trial, except those with consent withdrawal, will be
taken into account in the analysis, regardless of adher-
ence to or non-respect of the intervention.

» Per-protocol analysis: the population for the per-
protocol analysis will be defined during a review of the
data performed blind to the randomisation group.

In the maintenance of caloric intake group, patients
will be included in the per-protocol analysis if the enteral
nutrition flow rate has been maintained until extubation
without a decrease in flow rate higher than 50% within
6 hours before extubation and enteral nutrition has not
been completely interrupted more than 30 min within 6
hours before extubation.

In the maximal gastric vacuity group, patients will be
included in the per-protocol analysis if no enteral nutri-
tion has been administered during the 6 hours before
extubation and continuous suctioning was performed
continuously with no interruption of more than 30 min
(among patients with a gastric probe of sufficient diam-
eter for suctioning). Patients with unintentional extu-
bation before 6 hours of continuous fasting and gastric
probe suctioning will be included in the per-protocol
analysis as this may represent a side effect of the strategy
and not a protocol violation.

Description of patient characteristics at inclusion

The groups resulting from randomisation will be
described with the following statistics (no statistical tests
will be performed): for qualitative variables, absolute
numbers and percentages, and, for quantitative variables,
mean and SD or median and IQR, depending on the data
distribution. The characteristics of the patients at inclu-
sion will be reported at the patient level or at the cluster
level when appropriate.

The variables identified will be age, sex, body mass
index, SAPS II, type of admission (unscheduled surgical,
scheduled surgical, medical), the comorbid condition,
the number of spontaneous breathing trial failure,
administration of steroids before extubation,the cough
evaluation, the tracheal secretion evaluation and the
risk factors of extubation failure (stroke, neuromuscular
disease, central nervous system infection, severe head
trauma, diaphragmatic dysfunction, depressive disorder,
delirium).

Analysis of the primary endpoint

In this non-inferiority trial, the principal analysis will
estimate a CI for the difference between groups and will
compare one of the limits of this CI with the zone of non-
inferiority, fixed a priori at 10%. The extubation failure
rates will be estimated in each group, the difference in
extubation failure rates between the two groups will be
estimated, and a two-tailed 95% CI with corrected vari-
ances to take into account the cluster design will be calcu-
lated." The upper limit of this CI will then be compared
with 0.10. The relative risk will also be presented using a
mixed-effect log-binomial model. In the particular case
where the 95% CI for the difference lies entirely above or
below zero, then there is evidence of superiority and we
will calculate the p value associated with a test of superi-
ority at the 5% level (p<0.05).
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The principal analysis will be completed by an estima-
tion of the intraclass correlation coefficient. This coeffi-
cient will be estimated independently in each of the two
groups, with the Fleiss-Cuzick estimator.'*

Analysis of the secondary endpoints

All estimators will be accompanied by a 95% CI taking

into account clustering.

» Incidence of nosocomial pneumonia in intensive care
during the 14 days following the first extubation: this
endpoint will be the object of adjudication by an inde-
pendent centralised committee blind to the randomi-
sation group. This endpoint is an integer count and
will therefore be analysed with a mixed-effect Poisson
model, taking the duration of observation as an offset
and considering a random effect of cluster.

» Total caloric supply (enteral and parenteral) the day
before extubation, the day of extubation and the day
after extubation: this quantitative endpoint will be
analysed with a linear mixed-effects model, with a
random effect for each cluster.

» Nursing workload: this quantitative endpoint will be
analysed with a linear mixed-effects model, with a
random effect for each cluster.

» Extubation failure attributable to the inhalation of
gastric fluids: this binary endpoint will be analysed
according to the same principles as the principal
endpoint.

» Extubation failure at 48 and 72hours after extuba-
tion: this binary endpoint will be evaluated according
to the same principles as the principal endpoint.

» Duration of invasive mechanical ventilation between
intubation in intensive care (or admission to inten-
sive care for patients intubated before admission) and
the first extubation within the study: this time-to-event
endpoint will be analysed with a mixed-effects Cox
regression, with a random effect for each cluster."

» Time between the first successful spontaneous
breathing trial and extubation: this time-to-event
endpoint will be analysed with a mixed-effects Cox
regression, with a random effect for each cluster."

» Incidence of hyperglycaemia and hypoglycaemia the
day before extubation, the day of extubation and the
day after extubation: these binary endpoints will be
analysed according to the same principles as the prin-
cipal endpoint.

» Duration of stay in intensive care and in the hospital:
the duration will be analysed with a competing risks
model, with death as an event in competition with
alive discharge from the ICU or hospital. The model
will be a population average regression which takes
into account the correlation across individuals within
a cluster.'

» Mortality in intensive care: this binary endpoint will
be evaluated according to the same principles as the
principal endpoint.

» Respiratory events after extubation, unplanned use of
oxygen therapy, unplanned non-invasive ventilation

and occurrence of tachypnoea: these events will be
analysed by the same approach as for nosocomial
pneumonia.

Sample size
This study will require 1100 patients.

Based on the hypothesis of an incidence of extubation
failure of 16% in the control group, with a non-inferiority
margin of 10%, a type I error of 2.5% and a power of
80%, we would need to include 210 patients per group
in an individual randomisation framework.'” The cluster
randomisation makes it necessary to apply an inflation
coefficient taking into account the correlation between
patients from the same cluster. For this study, we will
assume an intraclass correlation coefficient of 0.03."
The principal endpoint is an ‘outcome’ (ie, it concerns
the response of the patient to the management applied)
rather than a ‘process’ (ie, dealing with the practices of
the personnel in the cluster). For endpoints of this type,
Campbell and coworkers reported a median intraclass
correlation coefficient of 0.03."® We will also take into
account differences in the sizes of the centres, using the
approach of Eldridge and coworkers based on the coeffi-
cient of variation for cluster size.'® For this, we will make
use of the number of beds per centre, which is prob-
ably a good proxy for the number of patients eligible
per centre. The coefficient of variation for the number
of beds is 0.31. Finally, the planned number of clusters
for this trial is 22. The mean number of patients per
cluster can thus be obtained with the following equation:
11xp=210x[1+((0.312+1)p-1)x0.03].

Which gives p=49.8.

We will therefore need to include a mean of 50 patients
per centre, resulting in a total of 1100 patients being
required.

Randomisation

According to cluster randomisation, the units will be
randomly assigned, before the start of the study, to the
study arm to which they will supply included patients.
Each unit will apply the strategy assigned (maximal
gastric vacuity or maintenance of caloric intake strategy)
to all the patients included in the study within the unit.
Randomisation will be stratified according to whether
the centres are university hospitals or not and according
to whether most of the patients in the unit come from
medico-surgical or surgical departments.

Course of the study
The duration of participation for each patient will be the
duration of their stay in intensive care, up to a2 maximum

of 28 days.

Extubation visit

This visit will take place at the time of extubation and

gather data linked to extubation, data of the preceding

day and the period immediately after extubation.
Collected information: caloric supply over 24-hour

periods, time from intubation to extubation and time
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from the first successful spontaneous breathing trial to
extubation, incidence of hypoglycaemia and hypergly-
caemia, maintenance or removal of the gastric probe
immediately after extubation, and time to oral refeeding
after extubation. The following risk factors for extubation
failure will be recorded: neuromuscular disease, acute
cerebral vascular disease (ischaemic or haemorrhagic),
neuropathy, myopathy, infection of the central nervous
system, serious head trauma, diaphragm dysfunction,
cognitive dysfunctions, anxiety—depression syndrome,
delirium and Richmond Agitation Sedation Scale score
in the 24 hours after extubation."”

Visit on the day following extubation

Collected information: caloric supply over the Ilast
24hours, incidence of hypoglycaemia and hypergly-
caemia, time to oral refeeding if not already initiated
and occurrence of reintubation. Subsequent visits will
take place only for patients in intensive care on the day
concerned. The decision to discharge the patient from
intensive care will be left to the discretion of the attending
clinician.

Daily visits during the 7 days following extubation

Collected information: any occurrence of reintubation,
nosocomial pneumonia or respiratory events (maximal
oxygen rate, non-invasive ventilation, maximal respira-
tory frequency).

The cause of any reintubation will be noted (acute
pulmonary oedema, obstruction/oedema of the airways,
inhalation of fluids, new pneumonia, atelectasis, pleu-
risy/pleural effusion, pneumothorax, bronchial conges-
tion, ineffective cough, respiratory muscle weakness,
alveolar hypoventilation, hypercapnic coma, septic shock,
cardiogenic shock, central neurological causes/encepha-
lopathy, surgical procedure, other).

Daily visits beyond the 7th day, up to the 14th day after
extubation

Any occurrence of nosocomial pneumonia will be
recorded over this period.

Duration of the study

Patients are expected to be included during an 18-month

period starting in April 2018.

» 2017: protocol approval from the ethics committee
and trial tools development (case report form, rando-
misation system).

» 2018-2019: inclusion of patients.

» 2020: cleaning and closure of the database. Data
analysis.

» 2021: writing of the manuscript and submission for
publication in a peer-reviewed journal.

The duration of participation for each patient in the
protocol corresponds to their stay in intensive care, up to
a maximum of 28 days. The first patient included dates
from April 2018.

Feasibility of the study
Extubation is a routine clinical practice performed
among all the ICU patients treated with invasive mechan-
ical ventilation after recovery of critical illness. In most
intensive care departments, more than 50% of the
patients undergo intubation and thus potentially extuba-
tion. About half of these patients are ventilated for more
than 48hours and most receive enteral nutrition which
renders them eligible to the study. Thus, a department
admitting 50 patients per month is likely to include about
10 patients per month. The hypothesis of two inclusions
per month and per centre is therefore conservative. These
hypotheses concerning recruitment were confirmed in a
feasibility study performed in 10 representative centres
scheduled to take part in this project. This feasibility
study was performed over a short period (15 days) in the
summer of 2016, and was not, therefore, representative
of winter activity, which is generally greater in intensive
care departments. Nevertheless, this study demonstrated
the validity and pertinence of the inclusion criteria for
this study. Indeed, over this period, 48 patients satisfied
the inclusion criteria among the 10 centres. By extrapo-
lating this figure to 22 centres, we can foresee a monthly
recruitment rate of 200 patients. The primary endpoint is
simple to record: extubation failure by definition leads to
a reintubation attempt. Reintubation is a complex proce-
dure necessitating the administration of specific drugs,
systematically noted in the patient’s medical records. It is,
therefore, a very simple criterion to record, particularly as
it is assessed only during the 7 days following extubation.
This project will be performed in the framework of a
collaboration between the ICUs of the West of France
and the corresponding university hospitals (college inter-
régional Ouest de Médecine Intensive Réanimation).
Finally, the study has received the support of two inter-
national intensive care clinical research networks: the
Clinical Research in Intensive Care and Sepsis—Trial
Group for Global Evaluation and Research in Sepsis (
www.triggersep.org) and the Réseau Furopéen de Recherche
en Ventilation artificielle (the European Artificial Ventila-
tion Research Network: http://www.reseau-reva.org).

Data collection and management

Data collection

All the information required for the protocol will be
collected in the electronic case report form (eCRF), which
can be accessed solely via a secured internet connection.
The investigators will be provided with a document to
help them use this tool.

Data management

Data management in this study will be the responsibility
of'a data manager from CIC INSERM 1415, CHRU Tours,
France. The eCRF will be developed with Ennov Clinical
software. Data will be managed according to the standard
operating procedures in force at CIC INSERM 1415. The
data will be input at the investigating centres and queries
will be formulated by the data manager according to a
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consistency control plan established during the design of
the eCRF.

A blind review of the data will be performed before the
database is locked. The database will be locked according
to standard operating procedures in force at CICINSERM
1415, and the data will be extracted for statistical analyses.

Patient and public involvement
No patient involved. Indeed, it seems difficult to us to
involve patients in the drafting of the protocol on a prac-
tice evaluation, the debate of which greatly divides the
medical community.

This study respects the Standard Protocol Items:
Recommendations for Interventional Trials recommen-
dations and checklist.?’?!

ETHICS AND DISSEMINATION

This study has been approved by the national ethics review
board (Comité de protection des personnes Sud Medi-
terranée III No 2017.10.02 bis) and complies with the
current revision of the Declaration of Helsinki, the Inter-
national Conference on Harmonisation Note for Guid-
ance on Good Clinical Practice and the applicable French
regulatory requirements. The patients, or their proxy, will
be informed of their right to refuse participation in the
study. In all cases, before inclusion in the study, express
informed consent will be obtained from the patient, or, if
this is not possible, from a proxy (legal representative or
next of kin), and the process documented in the patient’s
medical file, according to French law. In all cases, the
patient will be informed, and consent obtained as soon as
possible. Subjects can oppose their participation second-
arily and request to be withdrawn from the study at any
time and for any reason. The investigator can stop the
study intervention temporarily or definitively for any
reason in the best interests of the subject.

Research assistants will regularly monitor all the centres
on site to check adherence to the protocol and the accu-
racy and completeness of the data recorded.

The results will be submitted for publication in peer-
reviewed journals.

DISCUSSION
The expected results of this study should have an imme-
diate impact on the management of a very large number
of patients in ICUs around the world in that they will
provide a concrete response and a high level of evidence
concerning a daily routine clinical practice. If the study
hypothesis proves correct, it will no longer be necessary
to impose a fasting period to patients before extubation,
and this will immediately simplify patient management
in units with such a practice. A series of secondary bene-
fits may accrue to patients: shorter time to extubation,
decreased nursing workload and increased caloric intake.
Conversely, if the study hypothesis proves incorrect, and
the continuation of enteral nutrition before extubation is

inferior to the maximal gastric vacuity strategy, this study
will also have an immediate clinical impact in ICUs not yet
imposing a fasting period before extubation to patients.
It will also open up new fields of investigation into the
optimal mode of fasting before extubation.

The cluster randomised design of the study should
make it possible to transfer the results rapidly into clinical
practice at a large number of ICUs.

To the best of our knowledge, fasting and suctioning
of the gastric contents via a gastric tube has never been
rigorously evaluated in the context of extubation in adult
critical care.

A declarative study among 80 critical care centres in
North America (postal survey) showed that the fasting
procedures before extubation were very heterogeneous
between centres with duration of fasting varying from
the absence of fasting, to up to 8 hours of fasting before
extubation.*

The Ambroisie Project is an investigator-initiated prag-
matic randomised controlled trial undertaken to test the
hypothesis that pursuing enteral nutrition until extuba-
tion is non-inferior to a strategy of maximal gastric vacuity
before extubation in the ICU. If the hypothesis proves
correct, continued enteral nutrition until extubation
could be recommended and would simplify the manage-
ment of patients.
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