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ABSTRACT
Introduction  Physical restraint (PR) is prescribed in 
patients receiving invasive mechanical ventilation in the 
intensive care unit (ICU) to avoid unplanned removal 
of medical devices. However, it is associated with an 
increased risk of delirium. We hypothesise that a restrictive 
use of PR, as compared with a systematic use, could 
reduce the duration of delirium in ICU patients receiving 
invasive mechanical ventilation.
Methods and analysis  The Restrictive use of Restraints 
and Delirium Duration in ICU (R2D2-ICU) study is a national 
multicentric, parallel-group, randomised (1:1) open-label, 
controlled, superiority trial, which will be conducted in 
10 ICUs. A total of 422 adult patients requiring invasive 
mechanical ventilation for an expected duration of at 
least 48 hours and eligible for prescription of PR will be 
randomly allocated within 6 hours from intubation to 
either the restrictive PR use group or the systematic PR 
use group, until day 14, ICU discharge or death, whichever 
comes first. In both groups, PR will consist of the use 
of wrist straps. The primary endpoint will be delirium or 
coma-free days, defined as the number of days spent alive 
in the ICU without coma or delirium within the first 14 
days after randomisation. Delirium will be assessed using 
the Confusion Assessment Method-ICU twice daily. Key 
secondary endpoints will encompass agitation episodes, 
opioid, propofol, benzodiazepine and antipsychotic drug 
exposure during the 14-day intervention period, along 
with a core outcome set of measures evaluated 90 days 
postrandomisation.
Ethics and dissemination  The R2D2-ICU study has been 
approved by the Comité de Protection des Personnes 
(CPP) ILE DE FRANCE III—PARIS (CPP19.09.06.37521) on 
June 10th, 2019). Participant recruitment started on 25 
January 2021. Results will be published in international 
peer-reviewed medical journals and presented at 
conferences.
Trial registration number  NCT04273360.

INTRODUCTION
Background and rationale
The application of physical restraint (PR) 
within intensive care units (ICUs) has been a 
customary practice aimed at ensuring patient 
safety and averting the inadvertent removal 
of medical devices. However, studies have 
revealed substantial variability in the prev-
alence of PR use, with rates spanning from 
0% to 100% in European ICUs.1 Patients 
subjected to PR are more likely to be venti-
lated, sedated and managed in larger units 
with lower nurse to patient ratios.

Interestingly, only a minority of ICUs have 
a written protocol for PR use, underscoring 
the absence of standardised practices in this 
field.2 In a randomised trial of protocolised 
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	⇒ Restrictive use of Restraints and Delirium Duration 
in the Intensive Care Unit (R2D2-ICU) is a large 
multicentre randomised controlled trial evaluating 
the impact of physical restraint on the duration of 
delirium among mechanically ventilated patients in 
the ICU.

	⇒ The R2D2-ICU trial evaluates a clinically relevant 
primary outcome, that is, the number of delirium 
or coma-free days within the first 14 days after 
randomisation.

	⇒ The trial includes a 90-day follow-up period to track 
patient progress and evaluate additional measures 
beyond the primary outcome.

	⇒ Due to the open-label design of the trial, we will 
standardise the delirium assessment and man-
agement in both groups according to international 
guidelines.
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sedation, PR was used in 76% of patients for a median 
duration of 4 days.3 In addition, a survey in French 
centres disclosed that PR was employed in over 50% of 
mechanically ventilated patients in 82% of ICUs, with a 
lack of written local procedures in the majority of cases.4

The American guidelines on pain, agitation and 
delirium management do not give specific recommenda-
tions for PR use.5 6 In a prospective study conducted in 
51 ICUs in Canada, treatment characteristics seemed to 
predict PR use (higher daily doses of benzodiazepines and 
opioids, antipsychotic drugs and agitation), as opposed to 
patient or ICU characteristics.7

Despite the commonplace application of PR, its bene-
fits in critically ill patients remain unestablished, and 
it may even be deleterious, by causing injury, agitation 
and psychological distress for patients and families. 
PR has been linked to adverse psychological effects, 
including stressful memories for survivors of critical 
illness.8 Moreover, its complex association with brain 
dysfunction, manifested as agitation and/or delirium, 
raises concerns. While PR is intended to mitigate the 
potential risks associated with agitation, it appears to 
favour the development of delirium.9 In a previous 
study, the risk of use of PR was increased in patients with 
delirium or coma, in patients who could not communi-
cate verbally and in patients receiving psychoactive or 
sedative drugs.2

Delirium, defined as a disturbance in attention and 
awareness developing over a short period of time, is a 
common occurrence in critically ill patients receiving 
invasive mechanical ventilation (MV). It is associated 
with poor outcomes, including higher morbidity and 
mortality,10 and long-term cognitive impairment in survi-
vors.11 Recent research emphasises the need to better 
understand delirium mechanistically to facilitate preven-
tion and treatment.12 In this context, PR may represent 
a modifiable risk factor for delirium in ICU patients.13 14 
The number of days without delirium in the ICU is signifi-
cantly associated with both short-term mortality and 
long-term cognitive impairment, suggesting the poten-
tial importance of addressing PR practices in the ICU to 
improve patient outcomes.

Hypothesis
We hypothesise that a restrictive use of PR, as compared 
with a systematic use, could reduce the duration of coma 
and delirium among patients receiving invasive MV in the 
ICU.

Objectives
Study objectives and associated endpoints are presented 
in table  1. The primary objective is to assess whether a 
restrictive use of PR, as compared with a systematic use, 
decreases delirium duration during the first 14 days 
after randomisation. The 15 secondary objectives are 
presented in the table 1.

METHODS AND ANALYSIS
Design overview
The Restrictive use of Restraints and Delirium Duration 
(R2D2)-ICU study is an investigator-initiated, national 
multicentric, superiority, open-label parallel-group, 
comparative controlled randomised trial, in which 
patients being on invasive MV in the ICU for a duration 
inferior to 6 hours are allocated in a 1:1 ratio to restric-
tive PR use group (intervention group) or to system-
atic PR use group (control group). The trial design is 
summarised in table 2 andfigure 1. We report the study 
protocol according to the Standard Protocol Items: 
Recommendations for Interventional Trials statement 
(online supplemental material 1).15 The selection of a 
parallel-group design, randomised with two interven-
tions, one of which includes systematic PR, allows for the 
elimination of service-specific practices and focuses on 
patient-centred considerations. The practice guidelines 
outlined in the protocol for each group will facilitate 
standardised management, thereby minimising the risk 
of cross-contamination. Comprehensive monitoring at 
the patient level will be conducted to ensure the acqui-
sition of high-quality data regarding adherence to the 
intervention or control arm, as well as to assess potential 
cross-contamination.

Patient inclusion and randomisation will be conducted 
either by the principal investigator or by a physician repre-
senting the investigator. Patient eligibility will be assessed 
in accordance with the predefined inclusion and exclu-
sion criteria. All eligible patients (or their surrogates) 
will be informed about the study before randomisation 
both verbally and with a written document, in accor-
dance with French law. At the time of randomisation, 
written informed consent will be obtained from patients 
or surrogates through a process of deferred consent. In 
brief, if the person is physically unable to give his or her 
written consent at the time of randomisation, he or she 
will be approached for written informed consent during 
follow-up after regaining capacity.

Each centre will maintain a screening log for all eligible 
patients. The use of PR will involve the use of wrist straps, 
precluding a blind investigation of group assignments. 
The observation period for patients will extend from the 
time of inclusion until their discharge from the ICU or 
until their demise, with a specific follow-up consultation 
scheduled at day 90 for all surviving patients.

Interventions
For all patients, PR will consist of the use of wrists straps. 
The restrictive or systematic strategies will be applied until 
one of the following events occur, whichever comes first: 
(a) day 14 in ICU, (b) ready for ‘ICU discharge’ (patients 
will be considered ‘ready for discharge’ as soon as all clin-
ical conditions for ICU discharge will be fulfilled (ie, no 
more need for vital-organ support and no more need for 
central or arterial catheter) and (c) death before day 14. 
In both groups, patients will have a standardised manage-
ment of analgesia, sedation, delirium, MV weaning and 
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Table 1  Study objectives and associated endpoints

Primary objective Primary endpoint

To assess whether a restrictive use of PR, in comparison to a 
systematic use, decreases delirium duration during the first 14 
days after randomisation.

Delirium or coma-free days are defined by the number of 
days alive without delirium (measured by CAM-ICU) or coma 
(measured by RASS) during the first 14 days (day 14) after 
randomisation (day 0).

Secondary objectives Secondary endpoints

To evaluate the effect of restrictive use of PR between day 0 
and day 14 on:

	► Incidence of delirium
	► Agitation duration.
	► Exposure to opioids.
	► Exposure to propofol.
	► Exposure to benzodiazepines.
	► Exposure to antipsychotic agents.
	► Exposure to dexmedetomidine.
	► Exposure to MV.
	► Patient mobility according to the visual mobilisation score.
	► Incidence of self-extubation and device removal.
	► Skin lesions occurrence.

	► Percentage of patients with at least 1 day of delirium 
(positive CAM-ICU) between day 0 and day 14.

	► Number of days alive with agitation (RASS score ≥ +2) 
between day 0 and day 14.

	► Total cumulative dose of opioids infusion between day 0 
and day 14.

	► Total cumulative dose of propofol infusion between day 0 
and day 14.

	► Total cumulative dose of benzodiazepines infusion 
between day 0 and day 14.

	► Total cumulative dose of antipsychotics infusion between 
day 0 and day 14.

	► Total cumulative dose of dexmedetomidine infusion 
between day 0 and day 14.

	► Invasive MV-free hours between day 0 and day 14.
	► Median of mobilisation capacity and rate of patients >2 on 
a visual scale (SOMS) ranging from 0 (no mobilisation) to 4 
(ambulation) between day 0 and day 14.

	► Rate of patients with at least one self-extubation or any 
device removal between day 0 and day 14.

	► Rate of patients with pressor ulcer on the wrists and with 
other bedsores and their severity according to the National 
Pressure Ulcer Advisory Panel (at least one ulcer of grade 
III or IV per patient) between day 0 and day 14.

To evaluate the effect of restrictive use of PR until ICU 
Discharge on:

	► Delirium duration until ICU discharge: Patients will be 
considered ‘ready for discharge’ as soon as all clinical 
conditions for ICU discharge will be fulfilled.

	► ICU and hospital lengths of stay.
	► In-ICU and in-hospital mortality.

	► Number of days in delirium until ICU discharge.
	► Number of days of ICU stay and hospital stay (up to day 
90).

	► Death rate during ICU stay and hospital stay (up to day 90).

To evaluate the effect of restrictive use of PR at day 90 (after 
inclusion) on the global assessment of motor and cognitive 
functions and post-traumatic stress disorder .

	► Rate of patients with altered cognitive capabilities defined 
as a score on the Mini-Mental State Examination ≤24 
points.

	► Rate of patients with a frontal syndrome is defined as a 
score on the FAB<15 points.

	► Rate of patients with a possible diagnosis of post-
traumatic stress disorder is defined as a score on the 
IES-R ≥33 points.

	► Rate of patients with a functional disability is defined as a 
score on the GOS-E≤6 points.

	► Functional independence status (yes or no) evaluated on 
the FIM scale.

CAM-ICU, Confusion Assessment Method for Intensive Care Unit; FAB, Frontal Assessment Battery; FIM, Functional Independence 
Measurement; GOS-E, Glasgow Outcome Scale-Extended; IESR, Impact of Events Scale-Revised; MV, mechanical ventilation; PR, Physical 
Restraints; RASS, Richmond Agitation Sedation Scale; SOMS, Surgical intensive care unit Optimal Mobilisation Score .
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Table 2  Summary study data collected

Time points
Screening
day 0

Randomisation
day 0 Day 1–day 14 Discharge Day 90

Description of time points Within 6 hours
after beginning of invasive MV

0–14 Day of ICU 
and hospital 
discharge

90 days after 
randomisation

Eligibility screen X X

Informed consent* X

SAPS2 X X

SOFA X X

Admission variables x

Demographics x

Comorbid conditions x

Drug/alcohol 
consumption

X

Benzodiazepine treatment X

Cognitive impairment X

Braden scale X

BPS X X

SARS-CoV-2 status X

Main reason of IMV X

Outcome variables

RASS (twice a day) X X

CAM-ICU (twice a day) X X

Sedatives (propofol, 
benzodiazepines and 
dexmedetomidine)

X

Opioids X

Antipsychotics X

Agitation

Self-extubation X

Accidental removal of 
medical devices

X

Mobilisation by visual 
scale

X

Skin lesions X

Length of stay (ICU and 
hospital)

X X X

Vital status X X X

Follow-up consultation
(mRS, MRC, MMS-E, 
FAB, IES-R, GOS-E, FIM, 
IPREA scales)

X

*Not mandatory, emergency inclusion is authorised by the French authorities. In case of emergency inclusion, close relative and/or patient 
written informed consents will be collected as soon as possible.
BPS, Behavioural Pain Scale; CAM-ICU, Confusion Assessment Method for the ICU; FAB, Frontal Assessment Battery; FIM, Functional 
Independence Measure; GOS-E, Glasgow Outcome Scale-Extended; ICU, intensive care unit; IES-R, Impact of Events Scale-revised; IPREA, 
Inconforts des Patients de REAnimation; MMSE, Mini-Mental State Evaluation; MRC, Medical Research Council Scale; mRS, Modified Rankin 
Scale; MV, mechanical ventilation; RASS, Richmond Agitation Sedation Scale; SAPS2, Simplified Acute Physiology Score 2; SOFA, Sequential 
Organ Failure Assessment.
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early mobilisation according to current guidelines (see 
the ‘Follow-up’ section for details).

Intervention group
In the restrictive PR use group, patients will be subjected 
to PR only in the case of severe agitation, defined by a 
Richmond Agitation Sedation Score (RASS) score ≥+3 on 
any given day between day 0 and day 14.

Control group
In the systematic PR use group, patients will be system-
atically subjected to PR, which will be re-evaluated every 
day between day 0 and day 14. The removal of PR will be 
allowed when patients meet any of the following criteria: 
(1) awake without delirium is defined by an RASS >−4 and 
a negative Confusion Assessment Method (CAM)-ICU 
and (2) extubated without delirium is defined by the 
absence of invasive MV and a negative CAM-ICU. The PR 
will be resumed in case of severe agitation, defined by an 

RASS ≥+3 on any given day between day 0 and day 14, 
irrespective of the need for invasive MV.

Study setting and population
Patients will be prospectively recruited among patients 
admitted to 10 French ICUs. Patients will be considered 
eligible for enrolment if they fulfil the inclusion criteria 
and none of the exclusion criteria, as defined in box 1. 
A flow diagram of the R2D2-ICU trial is presented in 
figure 1.

Outcomes
Primary endpoint
The primary endpoint is delirium or coma-free days, 
defined by the number of days alive without delirium 
(measured by CAM-ICU) or coma (measured by RASS) 
during the first 14 days after randomisation. Brain 
dysfunction in the ICU, that is, delirium or coma, is a 
serious event in critically ill patients that is associated 
with prolonged hospital stays, costs, increased mortality 

Figure 1  Flow diagram. Mechanical ventilation. CAM-ICU, Confusion Assessment Method for the ICU; FAB, Frontal 
Assessment Battery; FIM, Functional Independence Measure; GOS-E, Glasgow Outcome Scale-Extended; ICU, intensive 
care unit; IES-R, Impact of Events Scale-revised; IPREA, Inconforts des Patients de REAnimation; MMSE, Mini-Mental State 
Evaluation; MRC, Medical Research Council Scale; mRS, modifed Rankin scale; PR, physical restraints; RASS, Richmond 
Agitation Sedation Scale.
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and cognitive impairment in survivors. In this regard, the 
number of days alive without delirium or coma in the ICU 
has emerged as a clinically relevant endpoint in critical 
care trials.16 17 Moreover, duration of delirium in the ICU 
is associated with important patient-centred outcomes, 
including worse global cognition and executive function 
at 12 months following ICU discharge.18

This endpoint will be assessed twice daily if needed 
according to patients’ clinical status by the French-
validated translation of the RASS19 and CAM-ICU20 by 
well-trained nurses as recommended by the clinical prac-
tice guidelines for Pain, Agitation and Delirium in ICU 
patients. Patients with an RASS of −5 or −4 will be consid-
ered comatose. Patients with an RASS score ≥−3 will be 
assessed for delirium with the use of the CAM-ICU scale 
(online supplemental material 2).

The American guidelines on pain, agitation and 
delirium management recommend5 6: (1) the use of seda-
tion scales to assess arousal level and (2) if patients are 
assessable, the use of validated tools to assess for delirium, 
such as the CAM-ICU.20 All four domains of the CAM-
ICU, anchored on the presence of inattention, are eval-
uated in a focused patient assessment usually taking less 
than 2 min to complete. The CAM ICU scale is recognised 
as one of the leading assessment tools for delirium in the 
ICU. It has undergone extensive development, validation 
and is routinely used.21 22

Secondary endpoints
The full list of secondary endpoints is provided in box 1.

Randomisation and sequence generation
The randomisation will be performed using CleanWEB, 
a 24/7 online centralise procedure service running. The 
randomisation sequence will be computer generated in 
advance by a statistician of the coordinating office. A 
permuted block randomisation approach will be used to 
allocate each participant to one of the two randomisation 
groups. This method helps to ensure a balanced number 
of patients assigned to each group. Each block size will 
be randomly selected between block sizes of 2, 4, 6 and 
8, to avoid prediction of future patients’ allocation. It 
will be stratified by centre, age (< or ≥65 years) and coma 
(RASS-4 or RASS-5) at the beginning of invasive MV.

Allocation concealment
The number of experimental units per block will be kept 
confidential to avoid prediction of future patient’s alloca-
tion. Only the independent statistician and the computer 
programmer who will implement the sequence assign-
ment in the secure electronic case report form (eCRF) 
will have access to the randomisation list. Included 
subjects are allocated in a 1:1 ratio to restrictive PR use 
group (intervention group) or to systematic PR use group 
(control group). Allocation concealment will be ensured, 
as CleanWeb services will not release the randomisation 
code until the patient has been recruited into the trial. 
Patient allocation will only be disclosed after the enrol-
ment and the dedicated statistician will be blinded to the 
arm’s allocation until the end of analysis.

Follow-up
ICU stay
In both groups, patients will have a standardised manage-
ment of analgesia, sedation, delirium, MV weaning and 
early mobilisation according to current guidelines. This 
will ensure that the tested strategy is efficient by itself when 
applied along with other recommended clinical practices 
in ventilated patients, especially those known to have an 
impact on delirium occurrence. Sedation practices will 
not be standardised among centres, and investigators will 
be asked to follow their local sedation protocol. For each 
participating centre, the type of sedation protocol (‘seda-
tion stop’ or ‘protocolised sedation according to targeted 
RASS’) and the use of daily spontaneous breathing trials 
for ventilator weaning will be collected. Nurses in charge 
will have at their disposal a daily sheet including standard 
surveillance and clinical pathways to follow according to 
surveillance. Clinical pathways aim to plan, rationalise and 
standardise multiprofessional management of patients 
with similar health problems based on recommendations 
to limit the variability of practices. Clinical pathways also 
ensure the traceability of these practices. Our clinical 
pathways were established according to currently avail-
able guidelines.5 The daily sheets from day 0 to day 14 
will be grouped in a booklet in A3 format to ensure better 

Box 1  Eligibility criteria

Inclusion criteria
	⇒ Adult ≥18 years.
	⇒ Invasive mechanical ventilation expected for at least ≥48 hours.
	⇒ Invasive mechanical ventilation in the ICU for a duration inferior to 
6 hours.

	⇒ Eligible for physical restraint prescription.∗

Exclusion criteria
	⇒ Documented delirium prior to ICU admission according to the 
CAM-ICU.

	⇒ History of dementia (mini-mental test <24).
	⇒ Alcohol withdrawal syndrome expected.
	⇒ Admission for any neurological disease including postcardiopul-
monary resuscitation (cardiac arrest, stroke, traumatic brain injury, 
meningoencephalitis and status epilepticus).

	⇒ Serious auditory or visual disorders.
	⇒ Unable to understand French.
	⇒ Pregnant or lactating women.
	⇒ SAPS II>65 points at screening.
	⇒ Do-not-resuscitate orders.
	⇒ No affiliation to a social security regimen (beneficiary or assignee).
	⇒ The patient or person of confidence (if present at the time of inclu-
sion) opposing the patient’s participation in research.

	⇒ The patient is already involved in another interventional clinical re-
search whose main objective is related to delirium.

∗Not already restrained because of a previous written medical 
prescription.
CAM-ICU, Confusion Assessment Method-ICU; ICU, intensive care unit; 
SAPS2, Simplified Acute Physiology Score 2.

https://dx.doi.org/10.1136/bmjopen-2023-083414
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readability. An explicit training to use the booklet and the 
clinical pathways is planned before the start of the study 
(online supplemental material 3–6) and includes:
1.	 Routine pain, agitation and delirium assessment will 

be performed every 12 hours (and more frequently 
as needed) using valid and reliable assessment tools, 
including the Behavioural Pain Scale (BPS),23 the 
Richmond Agitation Sedation Scale (RASS)19 and the 
CAM-ICU,20 in accordance with guidelines.5 6

2.	 Management of pain, agitation and delirium can be 
summarised as follows: Analgesia will be adapted to 
maintain BPS≤4. Patients will be considered to be in 
significant pain if they have a BPS score of 6 or great-
er. Sedation will be adapted continuously to maintain 
an RASS score compatible with patient’s management, 
that is, from −1 to +1 (ie, drowsy/alert to calm/rest-
less) in general cases and from −5/ to 4 to −3 (ie, deep 
sedation to moderate sedation) in case of severe acute 
respiratory distress syndrome (ARDS) or refractory in-
tracranial hypertension. In case of RASS score ≥−3 as-
sess delirium every 12 hours using CAM-ICU and more 
often as needed. In case of significant pain (BPS≥6), 
agitation (RASS ≥+2) or delirium (CAM-ICU positive), 
the nurses will refer to specific clinical pathways in-
cluding a physician alert process.

3.	 Clinical pathways to manage agitation will differ be-
tween groups since severe agitation with an RASS score 
≥+3 will require a temporary PR (<24 hours) in the re-
strictive use of PR group.

The PAD management strategies will be associated 
with other ICU interventions that are known to impact 
delirium occurrence or duration, that is, spontaneous 
awakening trial, spontaneous breathing trial and early 
mobilisation protocols.

Follow-up consultation at day 90
A consultation will be performed at day 90 by a psychol-
ogist (or a trained investigator/study coordinator). This 
consultation will be carried out face to face or by telecon-
sultation. If the follow-up is carried out by teleconsulta-
tion, an information note, specifying that no recording of 
the consultation will be made, will be sent to the patient. 
The non-objection of the patient will be sought and 
noted in the medical file. A core outcome set of measures 
will be assessed during the consultation, including cogni-
tive capabilities, post-traumatic stress disorder, func-
tional disability using appropriate scales (see table 1and 
figure 1).

STATISTICAL CONSIDERATIONS
Sample size calculation
In the literature, the number of delirium-free and coma-
free days between day 0 and day 14 is estimated at 10.5±3 
days in the systematic PR group.24 25 We, therefore, expect 
a 1-day reduction in delirium duration in the restrictive 
PR group with a number of delirium-free and coma-free 
days estimated at 11.5 days. We assumed a sample of 

191 inclusions per arm to achieve 90% power to detect 
a difference of 1 day in the mean number of delirium-
free and coma-free days over 14 days between the two 
groups at a 0.05 significance level. To allow the require-
ment power for the per-protocol analysis, the sample 
size required is 422 (allowing for an estimated 9% loss 
to follow-up). Relying on the active participation of the 
10 participating centres, we estimate that the inclusion 
time will be 38 months (assuming the number of inclu-
sions at 1.1 patients per month per centre). To ensure 
the 422 planned inclusions and the 3-month follow-up of 
all included patients, a research duration of 41 months is 
expected. Participant recruitment started on 25 January 
2021.

Statistical analyses
The number of delirium-free and coma-free days between 
day 0 and day 14 will be compared between the two exper-
imental groups, systematic use group versus restrictive use 
group by a Student’s t-test or a Wilcoxon rank-sum test if 
no normality of criteria. If the patient dies within 14 days, 
the number of non-surviving days will be considered days 
of coma. If the patient is discharged before day 14, after 
extubation, the number of days remaining will be consid-
ered delirium-free and coma-free days. If the patient is 
discharged before day 14, always in MV, the number of 
days remaining will be considered delirium days. The 
main analysis will be in intention to treat (ITT), that is, 
patients will be analysed in the initially allocated manage-
ment arm and not according to the actual management 
received. Then the main analysis will be replicated in per-
protocol (if any), and each patient will be analysed in the 
arm of management received. For the analysis of patients 
who leave the service before day 14, we will perform a 
sensitivity analysis, taking into account the MV duration 
of patients between day 0 and day 14, the sedation time 
of patients between day 0 and day 14 and the duration 
during which the patient is not adapted to a resuscitation 
output according to the criteria predefined between day 
0 and day 14, by a linear regression with adjustment on 
these three continuous factors. The centre effect will be 
assessed by testing interaction between trial arm and the 
centre in a linear regression modelling the number of 
delirium-free and coma-free days between day 0 and day 
14. We will perform the same analysis to test the effect 
of the age group (<65 or ≥65 years) and the presence of 
coma at the beginning of invasive MV. In case if signifi-
cant interaction, a subgroup analysis will be performed.

Secondary analyses will be performed in ITT and then 
in per protocol. The continuous secondary criteria of 
duration and cumulative doses of sedative agents’, anal-
gesics and or antipsychotics between day 0 and day 14 
will be compared between the two experimental groups, 
systematic use group versus restrictive use group, by a 
Student’s t-test or a Wilcoxon rank-sum test. The categor-
ical secondary criteria will be compared by a χ2 test or an 
exact Fisher’s exact test if appropriate.

https://dx.doi.org/10.1136/bmjopen-2023-083414
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The significant level of all statistical analyses will be a 
two-sided test at 5% and the CI at 95%.

We will not perform adjustments for multiple outcomes 
in our analyses due to all study outcomes being prespeci-
fied hypotheses. In instances where significant effects on 
secondary outcomes are detected, we will examine post 
hoc results using Holm and Hochberg procedures to 
derive adjusted p values.26

All statistical analyses will be performed by using SAS 
software (SAS Institute) V.9.4 or later, or R software (R 
Foundation for Statistical Computing, Vienna, Austria. 
http://www.r-project.org/) V.4.0 or later. All analyses will 
be conducted by a statistician according to a prespeci-
fied statistical analysis plan. A full statistical analysis plan 
has been written and is available in online supplemental 
material 7. All analysis results will be reported according 
to the Strengthening the Reporting of Observational 
Studies in Epidemiology 2010 guidelines.27

Data collection and management
Data collection will be done in electronic format using 
CleanWeb software. The software will fulfil the regu-
latory requirements and security norms. Data will be 
handled according to the French law. All original records 
(including consent forms, reports of suspected unex-
pected serious adverse reactions and relevant correspon-
dences) will be archived at trial sites for 15 years. The 
clean trial database file will be anonymised and main-
tained for 15 years.

We will collect data on primary and secondary 
endpoints, as well as potential risk factors of delirium 
(ICU medication, comorbidities and complications) 
detailed in table 2.

Patient and public involvement
Patients and the public were not involved in any of the 
phases of this study. Results of the trial will be made avail-
able to all participants via ​ClinicalTrials.​gov as well as by 
email notification.

TRIAL STATUS
Recruiting: The first inclusion occurred on 21 January 
2021 and the recruiting period will last 39 months. On 
12 March 2024, 422 patients have been included and 
follow-up is ongoing.

ETHICS AND DISSEMINATION
Legal obligations and approval
Sponsorship has been agreed by Assistance Publique—
Hôpitaux de Paris (AP-HP, Clinical Research and Inno-
vation Department) for this non-interventional human 
research study. AP-HP has obtained the favourable 
opinion of the independent ethics committee ‘Comité 
de Protection des Personnes (CPP) ILE DE FRANCE 
III—PARIS (CPP19.09.06.37521) for the study protocol 
(version R2D2-05.0; 3 March 2023). The trial will be 

carried out in accordance with the Declaration of Helsinki 
and the Good Clinical Practice guidelines. Any substantial 
modification to the protocol must be sent to the sponsor 
for approval. Once approval has been received from the 
sponsor, it must also obtain approval from the CPP before 
the amendment can be implemented. The information 
sheet and the consent form can be revised, if necessary, 
particularly if there is a substantial amendment to the 
study or if adverse reactions occur. AP-HP is the owner of 
the data. The data cannot be used or disclosed to a third 
party without its prior permission.

Methods for obtaining information from research participants
In accordance with Article L.1122-1-1 of the French Public 
Health Code, no research mentioned in 3° of this article 
(like R2D2 protocol) can be carried out on a person 
without his/her free and informed non-opposition, 
obtained in oral after the person has been given the infor-
mation specified in Article L.1122-1 of said code.

The trustworthy persons/relatives of eligible patients 
will be informed of the modalities of implementation 
of the study through an information note and a consent 
form (see online supplemental material 8) and oral 
explanations given by the investigating physician or any 
qualified person. This information and consent forms 
will also be given to the patient concerned as soon as his 
neurological condition allows it.

Indeed, at the time of inclusion, the person partici-
pating in the research is often not in a state to give their 
consent; the inclusion in the R2D2 protocol is therefore 
done without prior agreement of the patient. Inclusion 
in the R2D2 protocol is done as soon as the patient is 
consecutively hospitalised in ICU and requires invasive 
mechanical ventilation (IMV): it is, therefore, not always 
possible to obtain the consent of the person before his 
inclusion in the trial.

The protocol, therefore, provides that the consent of 
this person is not systematically sought at inclusion and 
that only the non-opposition of family members or the 
trusted person is sought, and the informant (investigator 
or collaborator) will have sufficient time (the first 3 days 
of the patient’s resuscitation) to proceed with clear and 
informed information, imperatively before the patient’s 
inclusion in the research.

The information will be given to the patient and his 
consent will be sought at the time when his neurological 
state allows it.

The information and the collection of the consent of 
the patient or trusted person/relative is collected by the 
principal investigator, or by a physician who represents 
him/her, or by a qualified person in the participating 
centre.

Thus, two types of information document are provided 
for:

	► One for the trusted person/close relative if he/she 
is present at the time of inclusion when the patient is 
unable to be informed.

http://www.r-project.org/
https://dx.doi.org/10.1136/bmjopen-2023-083414
https://dx.doi.org/10.1136/bmjopen-2023-083414
https://dx.doi.org/10.1136/bmjopen-2023-083414
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	► One for the patient as soon as he/she is able to 
consent to the continuation of the research.

A copy of the information document is given to the 
person participating in the research. The information 
given to the subject will be recorded in his or her medical 
file. Subjects may exit the study at any time and for any 
reason.

DATA COLLECTION AND QUALITY CONTROL
The persons responsible for the quality control of clinical 
matters will take all necessary precautions to ensure the 
confidentiality of information relating to the study partic-
ipants. These persons, as well as the investigators them-
selves, are bound by professional confidentiality. During 
or after the research, all data collected about the partic-
ipants and sent to the sponsor by the investigators (or 
any other specialised collaborators) will be anonymised. 
Under no circumstances should the names, addresses 
and other protector identifiers of the subjects involved 
be shown.

A data monitoring committee has not been convened, 
on the grounds that the study is low risk. This has been 
approved by the sponsor, steering committee and the inde-
pendent ethical board. The research data will be collected 
and monitored using an eCRF through CleanWEB Elec-
tronic Observation Book and will be centralised on a 
server hosted by the AP-HP Operations Department. This 
research is governed by the CNIL ‘Reference Method for 
processing personal data for clinical studies’ (MR-001, 
amended). AP-HP, the sponsor, has signed a declaration 
of compliance with this ‘Reference Method’.

An independent clinical research associate appointed 
by the sponsor will be responsible for the proper running 
of the study, for collecting, documenting, recording and 
reporting all handwritten data, in accordance with the 
standard operating procedures applied within the clin-
ical research and innovation department of AP-HP. The 
investigators agree to accept the quality assurance audits 
carried out by the sponsor as well as the inspections 
carried out by the competent authorities. All data, docu-
ments and reports may be subject to regulatory audits. 
These audits and inspections cannot be refused on the 
grounds of medical secrecy. An audit can be carried out 
at any time by independent individuals appointed by the 
sponsor. The aims of the audits are to ensure the quality 
of the study, the validity of the results and compliance 
with the legislation and regulations in force. The persons 
who manage and monitor the study agree to comply with 
the sponsor’s audit requirements. The audit may encom-
pass all stages of the study, from the development of the 
protocol to the publication of the results and the storage 
of the data used or produced as part of the study. The 
sponsor is responsible for access to the study database.

SAFETY CONSIDERATIONS
The investigator can temporarily or permanently with-
draw a subject from the study for any safety reasons or if it 
is in the subject’s best interests.

TRIALS OVERSIGHT COMMITTEES
Two oversight committees have been established to 
oversee the conduct of this trial, the steering committee 
and scientific committee, the composition of each is listed 
at the end of this paper.

PUBLICATION PLAN
Scientific presentations and reports corresponding to the 
study will be written under the responsibility of the coor-
dinating investigator of the study with the agreement of 
the principal investigators and the methodologist. The 
coauthors of the report and the publications will be the 
investigators and clinicians involved, on a prorata basis 
of their contribution in the study, as well as the biostat-
istician and associated researchers. All trial sites will be 
acknowledged, and all investigators at these sites will 
appear with their names under ‘the R2D2 investigators’ 
in the final manuscript. Rules on publication will follow 
international recommendations.28
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