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ABSTRACT

Introduction International guidelines include early
nutritional support (<48 hour after admission), 20-25 kcal/
kg/day, and 1.2—2 g/kg/day protein at the acute phase of
critical illness. Recent data challenge the appropriateness
of providing standard amounts of calories and protein
during acute critical illness. Restricting calorie and protein
intakes seemed beneficial, suggesting a role for metabolic
pathways such as autophagy, a potential key mechanism
in safeguarding cellular integrity, notably in the muscle,
during critical illness. However, the optimal calorie and
protein supply at the acute phase of severe critical iliness
remains unknown. NUTRIREA-3 will be the first trial to
compare standard calorie and protein feeding complying
with guidelines to low-calorie low-protein feeding. We
hypothesised that nutritional support with calorie and
protein restriction during acute critical iliness decreased
day 90 mortality and/or dependency on intensive care unit
(ICU) management in mechanically ventilated patients
receiving vasoactive amine therapy for shock, compared
with standard calorie and protein targets.

Methods and analysis NUTRIREA-3 is a randomised,
controlled, multicentre, open-label trial comparing two parallel
groups of patients receiving invasive mechanical ventilation
and vasoactive amine therapy for shock and given early
nutritional support according to one of two strategies: early
calorie-protein restriction (6 kcal/kg/day-0.2—0.4 g/kg/day) or
standard calorie-protein targets (25 kcal/kg/day, 1.0-1.3g/kg/
day) at the acute phase defined as the first 7 days in the ICU.
We will include 3044 patients in 61 French ICUs. Two primary
end-points will be evaluated: day 90 mortality and time to

ICU discharge readiness. The trial will be considered positive
if significant between-group differences are found for one

or both alternative primary endpoints. Secondary outcomes
include hospital-acquired infections and nutritional, clinical and
functional outcomes.

Ethics and dissemination The NUTRIREA-3 study has
been approved by the appropriate ethics committee.
Patients are included after informed consent. Results will
be submitted for publication in peer-reviewed journals.
Trial registration number NCT03573739.




INTRODUCTION

Severe critical illness is associated during the acute phase
with anorexia, metabolic disorders, endocrine dysfunc-
tion and a major catabolic response responsible for severe
skeletal and diaphragmatic muscle wasting.' Among crit-
ically ill patients requiring mechanical ventilation (MV)
and catecholamines for shock, nearly 40%-50% die, and
functional recovery is often delayed in survivors.” Nutri-
tional support is crucial, as malnutrition is associated
with poor outcomes. Prescribing nutritional support in
the critically ill is the result of a complex decision-making
process designed to optimise three key parameters: the
timing, the dose and the route of artificial feeding. Inter-
national guidelines encourage early nutritional support
(£48hours after admission), via the enteral route if not
contraindicated, with 20-25 kcal/kg/day, and 1.2-2g/
kg/day protein at the acute phase.” * These targets are
rarely achieved in patients with severe critical illnesses,
who frequently experience gastroparesis responsible for
intolerance to enteral nutrition (EN).” Observational
studies have indicated that calorie and protein deficien-
cies were associated with nosocomial infections, intensive
care unit (ICU)-acquired weakness, delayed weaning off
MV, longer stays and higher mortality.*™'*

However, recent data challenge the appropriateness of
providing standard amounts of calories and protein during
the acute phase of critical illness."”” '* Studies showed no
outcome benefits with higher intakes." '° Instead, adding
parenteral nutrition (PN) to increase intakes was associ-
ated with longer ICU stays and more infectious complica-
tions.'” *® Higher protein intakes during the acute phase
may be associated with greater muscle wasting and ICU-
acquired weakness.' ' Restricting calorie and protein
intakes seemed beneficial, suggesting a role for metabolic
pathways such as autophagy, a potential key mechanism
in safeguarding cellular integrity, notably in the muscle,
during critical illness.”” *' The recent EDEN and PERMIT
trials showed no differences in patient outcomes between
hypocaloric and standard feeding.”*** However, in both
studies, calorie intakes were below-target in the standard
groups. Moreover, patients in both PERMIT trial groups
received similar protein intakes, as protein solutions were
added in the hypocaloric group. Last, the TARGET trial
demonstrated no benefit of delivering 100% vs 70% of
the recommended calorie intake on outcomes of criti-
cally ill patients.” Thus, the optimal calorie and protein
supply at the acute phase of severe critical illness remains
unknown,'* 2

We designed the NUTRIREA-3 trial to compare stan-
dard calorie and protein feeding complying with guide-
lines to low-calorie low-protein feeding in a well-defined
group of severely ill ICU patients requiring at least MV
and vasoactive drugs. These patients typically have poor
outcomes with long ICU stays, high frequencies of ICU-
acquired weakness and infections, and high rnortality.1 50
Reported impacts of nutritional support were greatest in
the most severely ill ICU patients.3 #3132 Our hypothesis
is that, in those severe critically ill patients, low-calorie

Strengths and limitations of this study

» NUTRIREA-3 is a pragmatic randomised controlled trial whose large
number of patients recruited in numerous intensive care units (ICUs)
enhance the reliability and general applicability of the results.

» We included a well-defined population of very severely critically ill
patients requiring at least vasoactive drugs and mechanical ventila-
tion, at high risk for death or protracted recovery, and therefore most
likely to benefit from improved early nutritional support.

» We used two strong patient-centred primary outcomes, that is,
90-day mortality and ICU dependency, and we evaluated important
secondary outcomes, including long-term function, in keeping with
recommendations about studies of nutritional support in critically
ill patients.

» NUTRIREA-3 is the first study to evaluate the potential benefits of
calorie and protein restriction versus standard calorie and protein
targets during early nutritional support, using very different amounts
of calories and proteins.

» A limitation is that blinding of nutritional strategies is not feasible.

low-protein feeding at the early phase of critical illness
improves muscle preservation, thereby improving
outcomes, and most notably diminishing mortality and
dependency on ICU care.

METHODS AND ANALYSIS

Trial design

NUTRIREA-3 is a randomised, controlled, multicentre,
open-label trial comparing two parallel groups of patients.

Participants, interventions, outcomes

Participating units

Of the 61 French ICUs participating in the study, 34
are in university hospitals. All participating ICU staff
members have attended training in the study procedures
and protocols for providing nutritional support.

Study population and recruitment modalities

Inclusion criteria are age older than 18 years; invasive
MV for an expected duration of at least 48 hours after
inclusion, started in the ICU within the past 24 hours, or
started before ICU admission with ICU admission within
the 24 hours after intubation; treatment with a vasoactive
agent for shock (epinephrine, dobutamine or norepi-
nephrine); nutritional support expected to be started
within 24 hours after intubation or within 24 hours after
ICU admission when MV was started before ICU admis-
sion; and patient and/or next-ofkin informed about
the study and having consented to participation in the
study. If the patient is unable to receive information and
no next-of-kin can be contacted during screening for the
study, trial inclusion will be completed as an emergency
procedure by the ICU physician, in compliance with
French law.

Exclusion criteria are specific nutritional needs, such
as pre-existing long-term home EN or PN, for chronic
bowel disease; dying patient, not-to-be-resuscitated order
or other treatment limitation decision at ICU admission;



Patients included within 24 h after intubation, or within 24 h after
ICU admission if already intubated, and given vasoactive support,
after checking inclusion and non-inclusion criteria and obtaining
informed consent from the patient or next of kin

RANDOMISATION = D0

Low group (early calorie/protein restriction:
6 kecal/kg/d; 0.2-0.4 g/kg/d) via enteral or
parenteral route according to patient health
condition

+ trace elements and vitamins

A

Daily evaluation

l

Extubation
and discontinuation of vasoactive support

Yes No

y

Continue 6 kcal/kg/d
/ prot. 0.2-0.4 g/kg/d

] + trace elements and vitamins

Standard group (standard ecarly calorie/protein
targets: 25 kcal/kg/d; 1.0-1.3g/kg/d) via enteral or
parenteral route according to patient health
condition

A

Daily evaluation

y

Extubation
and discontinuation of vasoactive support

No Yes

y

Continue 25 kcal/kg/d
/prot. 1.0-1.3 g/kg/d

Start 30 kcal/kg/d; prot. 1.2-2.0 g/kg/d
Enteral route preferred if no contraindication
+/- supplemental parenteral route if required

D Extubation = End of study protocol

Figure 1 Study interventions. ICU, intensive care unit.

pregnancy, recent delivery or lactation; adult under
guardianship; and department of corrections inmate.

Interventions

After study inclusion, patients will be allocated at random
to one of two nutritional support strategies (figure 1).
The designated feeding strategy will be initiated as soon
as possible after randomisation (in all patients, within 24
hours after intubation or ICU admission in patients with
MV started before admission) and continued until extu-
bation and withdrawal of vasoactive support, or death, or
day 7, whichever occurs first.

In the low-calorie low-protein (low) group, the calorie
target will be 6 kcal/kg/day and the protein target
0.2-0.4g/kg/day during the acute phase, that is, from D0
to D7. On D8, the calorie target will be 30 kcal/kg/day
and the protein target 1.2-2.0g/kg/day.

In the standard-calorie/standard-protein (Standard)
group, the firstline calorie target calculated based on
body weight (BW) is 25 kcal/kg/day and the protein
target 1.0-1.3g/kg/day during the acute phase, that is,

from DO to D7. On D8, the calorie target will be 30 kcal/
kg/day and the protein target 1.2-2.0g/kg/day.

Daily nutritional intakes needed to meet the allocated
calorie target will be calculated based on BW. In obese
patients (body mass index, BMI >30kg/m?), the BW
yielding a BMI of 30 kg/m2m11 be used. In patients with
BMI<18.5 kg/m?, the following corrected BW will be used:
(ideal BW +actual BW) /2. The calorie/protein ratios of
nutritional solutions currently available in French hospi-
tals will ensure that the protein intake complies with the
allocated nutritional regimen.

Nutritional support protocol

The nutritional support protocol, including measures
designed to evaluate tolerance, is standardised as indi-
cated below.

General principles of nutritional support in both study arms

Nutritional support is started as soon as possible after rando-
misation and no later than 24 hours after intubation or
after ICU admission if intubation preceded ICU admission.



Randomised controlled trials showed that feeding route
during the acute phase had no impact on major clinical
outcomes of critically ill patients when isocaloric nutrition
was provided in both arms.”® ** Thus, during the acute
phase, bedside physicians will be free, each day, to choose
the best feeding route, according to clinical consider-
ations, to ensure that the calorie target is achieved. After
the acute phase, enteral feeding remains the preferred
route in patients without contraindications.* Thus, on day
8, in the absence of contraindications to EN, PN will be
stopped in those patients fed via the parenteral route, and
EN started. From day 8 onwards, supplemental PN may
be added in the event of intolerance to EN precluding
the achievement of the predefined calorie targets.

Nutritional support is prescribed as a flow rate (mL/
hour) and started at the prescribed flow rate (as opposed
to increased gradually). The feed is delivered continu-
ously over the 24-hour cycle, with no interruptions. Actual
feed delivery is monitored regularly based on the volumes
delivered relative to the predefined daily calorie targets.
In addition, special attention is directed to avoiding
delays. Any interruption in feed delivery is reported to
the ICU physician in charge. Except in special situations,
nutritional support is not interrupted while transporting
the patient. However, when EN or PN must be inter-
rupted (eg, for a specific gastrointestinal or radiological
investigation), the flow rate is not increased to compen-
sate for the interruption. Finally, all patients are in the
semi-recumbent supine position (torso inclined 30°-45°
relative to the horizontal plane).

After extubation, regardless of time since randomisa-
tion, decisions about the continued need for, and optimal
route of, nutritional support are made by the physician
in charge of the patient. Patients who are reintubated
within 7days after trial inclusion are managed until the
end of the acute phase according to the arm they were
randomised to during the first intubation period.

Enteral nutrition

Isoosmotic isocaloric normal-protein polymeric prepa-
rations are used during the first week in both groups,
after which the choice of feed is at the discretion of the
physician. The feed is delivered via a 14-French silicone
gastric tube. Tube position in the middle of the stomach
is checked on a radiograph obtained at ICU admission
or immediately after tube placement, as well as when the
tube is changed or repositioned.

A predefined protocol is used to manage upper gastro-
intestinal intolerance to EN. This protocol was used in
the NUTRIREA-2 trial.** To minimise the risk of gastric
intolerance and consequently of vomiting, the volume
of supplemental water given enterally will be as small
as possible during the first study week. Residual gastric
volume is not monitored.”® The tolerance of EN is
defined based only on episodes of significant vomiting or
regurgitation (passage of enteral nutrition formula into
the mouth, outside the mouth or into the endotracheal
tube in the absence of care procedures or mobilisation).

Minimal regurgitation or vomiting triggered by tracheal
aspiration or oral cavity care is not taken to indicate
intolerance. EN intolerance leads to the following two
measures. First, treatment with a prokinetic agent is
initiated after confirmation that there are no contrain-
dications. The study ICUs use the prokinetic agent of
their choice, according to their standard practice. The
prokinetic agent is discontinued when EN at the highest
prescribed flow rate has been well tolerated for 48 hours.
Second, if gastric intolerance persists despite prokinetic
therapy, the flow rate is decreased by 25mL/hour every
6hours until the signs of intolerance resolve. There-
fore, EN is stopped (and the gastric tube placed under
suction) only in patients with intolerance despite a flow
rate <25 mL/hour. All interruptions in EN delivery must
be reported to the physician in charge of the patient. This
precaution is particularly important in patients receiving
insulin. EN is resumed at the prescribed flow rate (appro-
priate to the patient’s needs) after 6hours have elapsed
with no further signs of intolerance. Patients at high risk
for gastric intolerance, such as those turned in the prone
position for acute respiratory distress syndrome, receive
prophylactic prokinetic treatment starting at the first turn
in the prone position.*?’

Parenteral nutrition

Ternary admixtures packaged in bags and containing
the three groups of macronutrients are used according
to standard practice in each participating centre. Supple-
mental electrolytes are supplied in a solution separate
from the parenteral feed, according to the needs of
each patient. PN is delivered continuously via a central
venous catheter (CVC). Special attention is directed to
preventing infections by complying with the standard
protocols for CVC insertion and maintenance used in
each of the participating centres. Proper CVC position is
checked on a radiograph.

Additional intakes

Additional water, electrolytes, vitamins and trace elements
are given intravenously according to the needs of each
individual patient as assessed by the physician in charge

and using the standard preparations and protocols avail-
able in each study ICU.

Monitoring of intestinal transit

The volume and appearance of the stools are monitored
daily. The occurrence of constipation (no stool for more
than 6days) or diarrhoea (more than 300mL of liquid
stool or 4 loose stools per day) will be reported and
will lead to the appropriate diagnostic and therapeutic
management.'”” ** * EN is not stopped for diarrhoea,
which leads to the following measures. First, treatments
that accelerate bowel transit, including prokinetic agents,
are stopped. Second, a stool test for Clostridium difficile
toxin is performed in patients receiving antibiotics. Third,
the enteral solution is changed if the first measure is inef-
fective and the C. difficile toxin test is negative. Finally, if



the diarrhoea persists despite the measures listed above,
the rate of enteral feeding is reduced until the diarrhoea
resolves then increased again gradually until the desired
flow rate.*

Blood glucose control

Close monitoring and strict application of the blood
glucose-control and insulin-therapy protocols used at
each study centre will be ensured. Blood glucose targets
will be at the discretion of each physician in charge,
according to the usual practice and protocols in their
ICU. In patients receiving insulin therapy, blood glucose
levels will be determined at least hourly if nutritional
support is discontinued or decreased (because of poor
tolerance of EN) for as long as the patient remains intol-
erant to, or off, nutrition.

Study outcomes
Primary endpoints
Two primary end-points will be analysed: all-cause
mortality by day 90, and time to readiness for ICU
discharge. Information on vital status will be collected
on the 90th day after patient inclusion. For discharged
patients, information on this primary endpoint will be
collected by a telephone call to the patient’s home. The
time of ICU discharge to a regular ward may be affected
by the availability of beds on regular wards, which may
induce bias. The study will, therefore, consider the time to
readiness for ICU discharge. A patient will be considered
ready for ICU discharge as soon as all predefined clinical
conditions for ICU discharge are fulfilled (box 1), regard-
less of ward-bed availability. Readiness for ICU discharge
will be checked daily in all patients weaned from invasive
MYV and vasoactive drugs. A similar strategy regarding this
endpoint has been used previously in studies on nutrition
in the ICU." "

The trial will be considered positive if significant
between-group differences are found for one or both
alternative primary endpoints.

Secondary outcomes

» Daily mean values during the first week, throughout
the time on endotracheal MV and from weaning off
MYV to readiness for ICU discharge of the following:

Box 1 Criteria for readiness for intensive care unit (ICU)

discharge

A patient will be considered ready for ICU discharge when

he/she meets all of the following criteria:

» No longer in need of, or at risk for needing, invasive mechanical
ventilation.

» No longer in need of, or at risk for needing, vasoactive support.

» No agitation or altered consciousness requiring close monitoring
and management.

» No severe acute metabolic or haematological disorder requiring
close monitoring and management.

- Number of calories (in Kcal) delivered enterally
and/or parenterally.

- Ratio (asa %) of prescribed over delivered calories.

Proportion of patients who achieved their calorie

target from day 0 to 7.

Daily mean values from day 0 to 7 and during MV of

the following:

- Protein supply (g) given enterally and/or
parenterally.

- Volume of fluids (in mL) received (daily mean
from day 0 to 7 and during MV).

From day 0 to 7:

- SOFA score changes.

- Changes in daily maximum blood glucose levels.

- Proportion of patients with hypoglycaemia.

- Total insulin dose received daily.

Days on insulin treatment from day 0 to readiness for

ICU discharge.

Proportion of patients with at least one ICU-acquired

infection; an independent blinded committee will

adjudicate all ICU-acquired infections.

Ventilator-associated pneumonia (VAP): the diag-

nosis of VAP is suspected based on the development

or persistence of lung infiltrates on the chest radio-

graph with at least two of the following criteria: body

temperature 238.5°Cor <35.5°C, leucocytosis (>10

OOO/mmg) or leucopenia (<4000/mm3), and puru-

lent tracheobronchial aspirate, from H48 after intuba-

tion to H48 after extubation. The diagnosis will have

to be confirmed by a positive semiquantitative bacteri-

ological test: bronchoalveolar lavage (>10*cfu/mL),

brush (>10_3 cfu/mL), tracheal aspirate (>10_6 cfu/

mL) or protected distal specimen (>107 cfu/mL). " *2

VAP episodes are recorded from 48 hours after intu-

bation until day 2 after extubation.

- Proportion of patients with at least one VAP
episode.

- Total number of VAP episodes in each group.

Other ICU-acquired infections:

- Proportion of patients with at least one episode of
bacteraemia.

- Proportion of patients with at least one CVC-related
infection.

- Proportion of patients with at least one episode of
urinary tract infection.

- Proportion of patients with at least one soft tissue
infection.

- Proportion of patients with other nosocomial
infections.

Descriptive bacteriological data: organisms recovered

in the overall population with nosocomial infections

and antimicrobial resistance profiles.

Proportion of patients with at least one episode of liver

dysfunction, defined as serum bilirubin >50 pmoL/L

and/or elevation >3N of one or more liver enzymes

(y-glutamyltransferase, alkaline phosphatase and

ASAT-ALAT) at the end of MV, on day 7 (in patients

on MV for more than 7days), and at ICU discharge.



» Proportion of patients with at least one episode of
vomiting or regurgitation while on MV.

» Proportion of patients with at least one episode of
diarrhoea defined as liquid stools in a volume greater
than 300mL/24 hours in patients with a faecal
collector or as more than four loose stools/24 hours.'®

> Proportion of patients with at least one episode of
constipation (no stool for more than 6 days).

» Proportion of patients with at least one documented
episode of bowel ischaemia defined as absent blood
flow in one of the main arteries supplying the bowel
(superior mesenteric artery, inferior mesenteric artery
or coeliac artery) with evidence of bowel wall compro-
mise on an imaging study (CT angiography, angio-
graph, or MR angiography) or presence of criteria for
colonic ischaemia according to the Favier classifica-
tion system (stage I, petechiae; stage II, petechiae and
superficial ulcers; and stage III, necrotic ulcers and
polypoid lesions) by endoscopy (rectosigmoidoscopy
or colonoscopy). ™

» Mean changes in serum albumin, prealbumin and C

reactive protein measured at baseline, at the end of

MYV, on day 7 (in patients on MV for more than 7 days)

and at ICU discharge.

Changes in mean BW determined at baseline, on day

7, and at ICU discharge.

Days on MV.

Hospital stay length (days in hospital).

ICU mortality, 28-day mortality and hospital mortality.

Proportions of patients mobilised from day 0 to 7 and

total number of active mobilisations, using predeter-

mined criteria** (box 2).

» Total Medical Research Council (MRC) score and
proportion of patients with ICU-acquired paresis at
the time of readiness for ICU discharge® *°; the MRC
score can range from 0 (quadriplegia) to 60 (normal
muscle strength); scores <48 will define ICU-acquired
paresis.

» Proportion of patients with at least one criterion for
persistent altered health status at the time of readiness

v
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Box2 Mobilisation scale

Remains in bed

» No mobilisation.

» Rurned in bed.

» Sitting position in bed with the head of the bed elevated.

Mobilised in the bed

» Passive mobilisation of the legs in bed.
» Active mobilisation of the legs in bed.
» Cycling motions in bed.

Mobilised out of bed

» Sits on the edge of the bed with the feet on the floor.
» Sits in a chair.

» Stands.

» Marches in place.

» Walks.

for ICU discharge, among the following: tracheostomy,
non-invasive ventilation, ongoing renal-replacement
therapy, PN, EN via a nasogastric tube; Glasgow Coma
Scale score <15 and treatmentlimitation decision.*”

» SF-36 (Short-Form 36) score completed during a
phone call to the patient by an independent blinded
research nurse or psychologist 3 months and 1year
after study inclusion.*®*

Organisation of the trial
Figure 2 is the study diagram.

Recruitment modalities

All patients treated with invasive MV and vasopressor
support for shock within 24hours after intubation, or
within 24 hours after ICU admission if already intubated,
will be screened for eligibility by the ICU physicians and
clinical research nurses, around the clock and 7days a
week. Patients will be included after checking inclusion
and non-inclusion criteria. A log of patients considered
for study participation will be kept and will include any
reasons for non-inclusion and refusals of consent.

Randomisation

Randomisation is centralised and performed using a
secure, computer-generated, interactive, web-response
system available at each study centre. Randomisation is
stratified on study centre with a 1:1 ratio.

Blinding

The trial will be open, since the nature of the interven-
tion precludes blinding of healthcare staff to group
assignment. However, the absence of blinding cannot
have an impact on either of the primary endpoints. Day
90 mortality is an objective endpoint with no evidence
that absence of blinding may affect the data.”’ Given its
more subjective nature, the primary endpoint of readi-
ness to discharge alive from the ICU will be checked daily
by the bedside physician according to predefined criteria,
in order to strongly limit the risk of detection bias. More-
over, the secondary endpoints relevant to nosocomial
infections will be validated by an adjudication committee.

Sample size

Assuming a 43%day 90 mortality rate in the standard
group and a 5% absolute decrease in day 90 mortality (to
38%) in the low group, with the alpha risk set at 4.9%
(as two interim analyses are planned) and the beta risk at
20%, 1522 patients are needed in each group, that is, a
theoretical total of 3044 patients.

This sample size will provide 94% power to detect a
1.5-day difference in time to ICU discharge alive between
the two groups (mean, 14.5days in the control group vs
13.0days in the experimental group).

No corrections will be made for multiple comparisons.
Indeed, adjusting for multiplicity is controversial and
there is no consensus about the appropriate analysis.”"
Moreover, adjusting for multiplicity may lead to increased
sample size and subsequent decreased feasibility of the



before ICU admission)

ICU adults expected to require mechanical ventilation for longer than 48h,
treated with vasoactive amines and eligible for nutritional support within 24 h
after intubation (or within 24 h after ICU admission if intubation occurred

I Eligibility criteria met |

| Consent and inclusion |

I Randomisation |

/\

Low group (early calorie/protein
restriction)

A
D8: 30 keal/kg/d

A

Final extubation and final
discontinuation of nutritional support

A 4

Time to readiness for ICU discharge
(Primary outcome)

v
ICU discharge

A 4

DI0: vital status (Primary outcome)

and SF-36

One year: SF-36

End of follow-up

Figure 2 Study diagram. ICU, intensive care unit.

study. Last, most recent studies with a similar design did
not use corrections for multiple comparisons.17 18

The ICU stay lengths in survivors and mortality rates
used for the sample size estimation are those obtained
in the NUTRIREA-1 and NUTRIREA-2 trials, which used

similar inclusion criteria.

Interim analysis

Given the need for a large sample size, two interim
analyses will be scheduled, one after enrolment of 1000
patients and the other after enrolment of 2000 patients.
Members of the independent data safety monitoring
board (DSMB) will not be otherwise involved in the
trial. This DSMB consists of one methodologist and two
intensivists. For both interim analyses, the DSMB will
have access to unblinded results on day-90 mortality,
time to discharge alive from the ICU, variations in SOFA
(Sequential Organ Failure Assessment) scores from day 0
to 7, amounts of calories and proteins received daily from
day 0 to 7 and nosocomial infections. The results of the

Standard group (standard early
calorie/protein targets)

y

D8: 30 keal/kg/d

A

Final extubation and final
discontinuation of nutritional support

A

Time to readiness for ICU discharge
(Primary outcome)

ICU discharge

A

DI0: vital status (Primary outcome)
and SF-36

One year: SF-36

End of follow-up

interim analyses will not be disclosed unless they lead the
DSMB to request premature trial discontinuation.

Statistical analysis

Each patient will remain in the group assigned by rando-
misation, regardless of subsequent events. A statistical
analysis report will be written to describe all the findings,
according to Consolidated Standards of Reporting Trials
(CONSORT) Statement recommendations, while taking
into account the specific features of the trial, most notably
the nonpharmacological nature of the intervention. The
baseline features of the groups established by randomisa-
tion will be compared using descriptive statistics; no statis-
tical tests will be performed.

Primary enapoint

Day 90 mortality will be reported as the point estimate with
the 95% CI in each group. The difference in proportions
with the 95% CI will also be estimated. Day 90 mortality will
be compared between the two groups using the x test.



Table 1 Study flow chart of patient follow-up

Inclusion DO*

D1 to Dn

End of study Ready for ICU
protocol discharge

1-year end of
Day 28 Day 90 follow-upt

Eligibility: check inclusion and exclusion X
criteria

Patient information and consent X
Randomisation

Demographic characteristics

Vital signs

Weight

Ventilation

xX X

Laboratory tests
SOFA

Nutritional evaluation
Treatments used
Daily nutritional intake
Fluid intake

Nosocomial infections

X X X X X X X X X X X
>
*

X X X X X X

Final extubation

Final discontinuation of nutritional support
Health status

MRC score

Survived/died

SF-36

x

*From time of inclusion to 23:59 hour.

FInformation will be collected by phone contact with patients or relatives.

ICU, intensive care unit; MRC, Medical Research Council.

Time to readiness for ICU discharge will be analysed
using the competing risk approach (Fine and Gray
model), with death in the ICU as a competing risk.

Secondary endpoints

The incidence of patients with at least one nosocomial infec-
tion will be estimated and compared between the groups
using a Fine and Gray model, with death and ICU discharge
alive as competing events. The incidence of patients with
at least one VAP episode will be estimated using a Fine and
Gray model, with not only death as a competing risk, but
also time to extubation +2days, since after this point any
episode of pneumonia would not be classified as VAP. For
CVCrelated infections, the competing risks will be death
and CVC removal; for urinary tract infections they will be
death and urinary catheter removal. Bacteraemia, soft tissue
infections and other infections will be analysed using the
same method as for the pooled nosocomial infections. For
descriptive bacteriological data (organisms recovered with
their resistance profiles for each nosocomial infection), only
descriptive analyses will be performed. For the proportions
of patients with at least one episode of vomiting or regurgi-
tation, diarrhoea, constipation, documented acute colonic
pseudo-obstruction, documented bowel ischaemia, mechan-
ical complication of CVC insertion, hypoglycaemia from day
0 to 7 and liver dysfunction, the method will be the same

as for nosocomial infections. Changes over time in deliv-
ered calories and proteins will be represented graphically
by boxplots created each day on the same graph; changes
over time will be compared between the two groups using a
mixed linear model, after data transformation if necessary.
The same analysis will be performed for volume of feeds
delivered each day. The proportion of patients who achieved
100% of their daily calorie target will be determined at each
follow-up time point (in days) and compared between the
two groups using a logistic random-effects model. Day 28
mortality will be analysed in the same way as day 90 mortality.
For ICU and hospital mortality rates, a Fine and Gray model
will be used, with ICU discharge and hospital discharge as
events competing with death during the stay. Time to extuba-
tion will be analysed using a Fine and Gray model with death
and ICU discharge as competing events. Changes over time
in SOFA, total insulin, blood glucose, nutritional markers
and BW will be analysed using the method described above
for the number of calories delivered. For the proportion
of mobilised patients, patients with at least one criterion of
persistent altered health status at the time of readiness for
ICU discharge, and patients with ICU-acquired paresis, the
method will be the same as for nosocomial infections. The
MRC sum score at the time of readiness for ICU discharge
and days on insulin will be compared between the two groups



using the non-parametric Wilcoxon test. The total quality-of-
life SF-36 score will be compared between the two groups
using a mixed linear model.

Data collection and follow-up

The following data will be recorded until the patient is
extubated: demographic and clinical data, nutrition
monitoring data, treatments given, laboratory tests, inva-
sive devices, functional evaluation and data relevant to
nosocomial infections. The patient will be followed up
for 1lyear after study inclusion; at hospital discharge, on
day 28 and day 90 and at lyear, the vital status will be
recorded. The SF-36 score will be recorded on day 90 and
lyear after study inclusion. Table 1 is the study flow chart.

Data entry and monitoring

An internet-based data collection tool will be used for
this study to store the data of all the participants. This
electronic case report form (eCRF) is a secure, interac-
tive, web response system available at each study centre.
It is provided and managed by the biometrical unit of
the Tours University Hospital (CIC INSERM 1415, Tours,
France). Access to the eCRF will require only an Internet
connection and a browser.

Monitoring of the data collected and of the screening
forms in each participating centre will be carried out by
the Research Division, Promotion Department, of the
Nantes University hospital. Research assistants will regu-
larly perform on-site checks of adherence to the protocol
and accuracy of recorded data.

Trial status

Inclusions started in July 2018. The scheduled interim
analysis were performed on the first 1000 (by October
2009) and 2000 (by March 2020) included patients,
respectively. Both analyses led the DSMB to recommend
continuation of the study. Recruitment in the trial was
interrupted from March to June 2020 because of the
COVID-19 crisis, when all ICUs were full with COVID-19
patients and all research teams were working only on
COVID-19 trials. By 19 August 2020, 2764 patients had
been included. Recruitment was completed in December
2020.

ETHICS AND DISSEMINATION

Ethical review board

The NUTRIREA-3 trial was approved by the competent
French authorities on 20 April 2016 (Comité de Protec-
tion des Personnes Sud-Méditerranée 2, registration
2018-A00424-51).

Consent

The patients are included after providing their signed
informed consent to trial participation. For patients unable
to consent because of impaired consciousness or severe crit-
ical illness, information about the study is provided to their
next of kin. Patients who are unable to consent and for
whom no relative is available to consent to study participation

within a time frame compatible with the study design are
included after completion of an emergency consent form
by the bedside physician. The relatives are informed of the
inclusion as soon as possible. Patients are asked to confirm
their willingness to participate in the trial once they regain
decision-making capacity. Data of patients without relatives
who die without previously recovering consciousness will be
included in the statistical analysis.

Confidentiality and source data archiving

The medical data about each patient will be communi-
cated only to the institution (ie, the sponsor) with which
the chief investigator is affiliated or to a person appointed
by the chief investigator and the sponsor under condi-
tions that ensure the confidentiality of the patient data.
During or at completion of the study, the data collected
from the study participants and communicated by the
individuals involved in the study will be rendered anony-
mous. Study investigators will archive all study data for at
least 15 years after the end of the study.

Dissemination policy

The publication policy will comply with international
recommendations (N Engl J Med, 1997; 336:309-315)
and the CONSORT statement (http://www.consort-state-
ment.org). Findings will be published in peerreviewed
journals and presented during national and interna-
tional scientific meetings. Communications and scientific
reports relevant to this study will be under the responsi-
bility of the study coordinator (JR), who will obtain the
approval of the other investigators.

Patient and public involvement
Neither patients nor the public are involved in the study.
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