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METHODOLOGY / STUDY
DESIGN

Multicenter randomized controlled trial without blinding

STUDY TYPE

Evaluation of standard care

RATIONALE / SETTING

Nutritional support is a mainstay of the management of patients
receiving invasive mechanical ventilation and the most commonly
prescribed treatment in intensive care units (ICUs). Malnutrition in
critically ill patients is associated with an increased risk of infection,
delayed wound healing, longer times on mechanical ventilation, longer
ICU stays and, probably, a higher risk of death. Recommendations
issued by international professional organizations consistently indicate
that enteral nutrition should be preferred over parenteral nutrition
whenever possible and that nutritional support should be started as
early as possible after the initiation of mechanical ventilation.
Numerous studies suggest that early enteral nutrition may be associated
with lower nosocomial infection rates, a decreased risk of progression
to multiorgan failure, shorter hospital stays, and decreased hospital
costs, compared to parenteral nutrition. Furthermore, evidence from
observational studies suggests lower mortality rates with the enteral
route compared to the parenteral route. However, recent studies
showed chronic suboptimal use of enteral nutrition, as well as
considerable variability in nutritional management across ICUs and
across patients in a given unit. Failure to initiate early nutritional
support via any modality is common, the calorie targets are frequently
inconsistent, and routine use of first-line enteral nutrition is far from
being the rule. As a result, malnutrition remains common among ICU
patients receiving invasive mechanical ventilation. This fact is
ascribable both to the difficulty of initiating early enteral nutrition in
mechanically ventilated patients and to the conflicting results of studies
comparing the enteral and parenteral routes. Manifestations of
gastrointestinal intolerance occur in about 50% of patients. More
specifically, regurgitation affects 8% to 27% of patients and may be
associated with an increased risk of ventilator-associated pneumonia.
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In addition, the safety of enteral nutrition in patients with circulatory
failure, particularly those with low splanchnic blood flow, remains in
doubt. In healthy individuals, enteral nutrition increases blood flow in
the superior mesenteric artery by over 50%. As a result, in patients
with circulatory failure, enteral nutrition may induce nonocclusive
mesenteric ischemia, a condition associated with mortality rates of
70% to 100%. Although these potential complications have not been
convincingly linked to enteral nutrition, they lead many physicians to
delay the initiation of nutritional support by several days or to prefer
parenteral nutrition at the acute phase of the management of critically
ill patients and/or of patients with shock. This attitude is strengthened
by the absence of a vast multicenter randomized trial evaluating the
impact of early enteral nutrition on outcomes of patients receiving
mechanical ventilation. Current recommendations are based on
observational or retrospective data and on studies that have inadequate
statistical power. Thus, several recent editorials have emphasized the
need for well-designed clinical trials capable of resolving current
uncertainties about the nutritional management of mechanically
ventilated patients. A recent randomized controlled trial found that
parenteral nutrition added to inadequate enteral nutrition was
associated with longer stays and higher infection rates while failing to
affect mortality when started early instead of at the end of the first
week in the ICU. An as yet unpublished study from Switzerland
investigated the same topic and found contrary results. These studies
fail to establish that the enteral route is superior over the parenteral
route at the acute phase. Choosing between these two routes is among
the crucial unresolved issues in the management of mechanically
ventilated patients in the ICU. The working hypothesis for the present
study is that, compared to early parenteral nutrition, early enteral
nutrition is associated with lower mortality rates in patients receiving
invasive mechanical ventilation and vasoactive agents for shock.
Ancillary studies:

The NUTRIREA?2 trial provides the opportunity to answer two
additional questions, via an ancillary study for each.

—  Ancillary study 1. Is enteral nutrition associated with better
preservation of gut mucosa integrity compared to parenteral nutrition?
Published data suggest that enteral nutrition may be associated with
improved preservation of the gut lymphoid tissues and gut immune
function, as well as with decreased gut mucosa permeability, thereby
diminishing the risk of organ failure. Citrulline is an amino acid
produced from glutamine by small-bowel enterocytes. Plasma citrulline
levels reflect functional enterocyte mass. Intestinal fatty acid-binding
protein (I-FABP, also known as FABP2) is a small protein found in the
cytosol of small-bowel enterocytes. Plasma I-FABP is normally
undetectable and, when elevated, constitutes a reliable marker for
enterocyte damage. The hypothesis underlying this ancillary study is
that first-line enteral nutrition is associated with improved gut mucosa
integrity and function compared to parenteral nutrition.

—  Ancillary study 2. Is enteral nutrition associated with a higher
risk of gastric-content aspiration compared to parenteral nutrition? As
indicated above, a common obstacle to enteral nutrition is
gastrointestinal intolerance, with regurgitations potentially responsible
for gastric-content aspiration. Several studies involving technetium
99m (*™Tc¢) labeling of gastric contents have established that gastric-
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fluid microaspiration is common in critically ill patients receiving both
endotracheal ventilation and enteral nutrition. However, to our
knowledge, no studies have specifically addressed the role for enteral
nutrition in the occurrence of microaspiration. The objective of this
ancillary study is to compare the frequency of gastric-content
microaspiration in patients given enteral versus parenteral nutrition
during the NUTRIREA?2 trial. The new knowledge of risk factors for
microaspiration provided by this study may help to improve strategies
for preventing microaspiration and ventilator-associated pneumonia
(VAP).

To investigate whether a strategy involving early first-line enteral
nutrition decreases day-28 all-cause mortality in patients receiving

PRIMARY OBJECTIVE mechanical ventilation and vasoactive agents for shock, compared to a
strategy of early first-line parenteral nutrition.
The secondary objectives are to compare the following in the two
groups:
= proportion of patients with at least one VAP episode
= VAP incidence density
= number of VAP episodes
= rates and incidence densities of other nosocomial infections:
o bloodstream infections (BSI): proportion of patients with
at least one BSI episode, BSI incidence density
o central venous catheter (CVC)-related infections:
proportion of patients with at least one CVC-related
infection, incidence density of CVC-related infections
O urinary tract infections: proportion of patients with at least
one urinary tract infection, incidence density of urinary
tract infections
= proportion of patients with at least one nosocomial infection
= descriptive bacteriological data (organisms recovered and
antibiotic resistance profile for each nosocomial infection)
= proportion of patients with at least one episode of regurgitation or
vomiting
| ]
SECONDARY OBIECTIVES proportion of patients with diarrhea

= proportion of patients with constipation

= proportion of patients with a documented episode of bowel
ischemia

®* number of calories administered per day by the enteral and
parenteral routes

= volume of enteral and parenteral feeds administered per day

= ratio of prescribed versus delivered calories

= [CU mortality, hospital mortality, and day-90 mortality

® time-course of nutritional markers during follow-up (measured at
discontinuation of mechanical ventilation, on day 7 in patients
receiving mechanical ventilation for more than 7 days, and at ICU
discharge)

= proportion of patients with at least one episode of liver dysfunction
(evaluated at discontinuation of mechanical ventilation, on day 7 in
patients receiving mechanical ventilation for more than 7 days, and
at ICU discharge)

= ]CU stay length

= hospital stay length

= total time spent on mechanical ventilation

= change in body weight from admission to day 7 and to ICU
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discharge

OBIJECTIVES OF THE
ANCILLARY STUDIES

—  Ancillary study 1. To demonstrate that a strategy involving
early first-line enteral nutrition is associated with improved
preservation of gut mucosa integrity, as assessed based on the plasma
citrulline level at H72, compared to a strategy involving early first-line
parenteral nutrition

—  Ancillary study 2. To evaluate the impact of enteral nutrition
on microaspiration of gastric content and pharyngeal secretions

PRIMARY OUTCOME .
MEASURE All cause day-28 mortality
= proportion of patients with at least one episode of ventilator-
associated pneumonia (VAP)
= VAP incidence density per 1000 days of mechanical ventilation
= number of VAP episodes per patient
= proportion of patients with at least one bloodstream infection (BSI)
and incidence density per 1000 ICU days
= proportion of patients with at least one central venous catheter
(CVCO)-related infection and incidence density per 1000 CVC days
= proportion of patients with at least one urinary tract infection and
incidence density per 1000 urinary-catheter days
= proportion of patients with at least one soft tissue infection and
incidence density per 1000 ICU days
= proportion of patients with at least one nosocomial infection
= descriptive bacteriological data (organisms recovered and
antibiotic resistance profile for each nosocomial infection)
= proportion of patients with at least one episode of vomiting
= proportion of patients with at least one episode of diarrhea
= proportion of patients with an episode of acute colonic
pseudoobstruction
= proportion of patients with a documented episode of bowel
ischemia
SECONDARY OUTCOME = number of calories (in Kcal) given enterally and parenterally:
MEASURES o time-course of mean daily values over the first week

o time-course of mean daily values throughout the time
spent on mechanical ventilation
= ratio of prescribed calories over calories delivered enterally and
parenterally (as percentages):
o time-course of mean daily values over the first week
o time-course of mean daily values throughout the time
spent on mechanical ventilation
o proportion of patients in whom the calorie target was
achieved on each day
= volume of feed (in mL) administered:
o time-course of mean daily values over the first week
o time-course of mean daily values throughout the time
spent on mechanical ventilation
= [CU mortality, hospital mortality, 90-day mortality
= mean changes in serum albumin, prealbumin, transthyretin, and C-
reactive protein between study inclusion and mechanical
ventilation discontinuation, day 7 (in patients on mechanical
ventilation for more than 7 days), and ICU discharge
= proportion of patients with at least one episode of liver dysfunction
at mechanical ventilation discontinuation, on day 7 (in patients on
mechanical ventilation for more than 7 days), and at ICU discharge
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= ICU stay length

= hospital stay length

= total time spent on mechanical ventilation

= mean change in body weight from admission to day 7 and to ICU
discharge

=  Ancillary study 1

Primary outcome measure: Plasma citrulline level at H72

Secondary outcome measures: SOFA score; plasma levels of citrulline
and I-FABP on D0, D3, and D8; proportion of patients whose plasma
I-FABP is >100 pg/mL on DO, D3, and D8; proportion of patients
whose plasma citrulline is <10 puL./L on DO, D3, and D8; mean plasma
I-FABP; mean plasma citrulline; proportion of patients with at least
one episode of bacteremia; proportion of patients with at least one
episode of gastrointestinal intolerance; proportion of patients with at

OUTCOME MEASURES FOR . . . o .
THE ANCILLARY STUDIES least one episode of diarrhea; in the enteral-nutrition group, cgrr.lqlatlve
calorie intake over the first 3 days and on D7; impossibility of
administering enteral nutrition.
*  Ancillary study 2
Primary outcome measure: proportion of patients with abundant
microaspiration (defined as a pepsin level >200 ng/mL in at least 30%
of tracheal aspirates).
Secondary outcome measures: Salivary amylase levels in tracheal
aspirates.
= invasive mechanical ventilation for an expected duration of at least
48 hours
* nutritional support started within 24 hours after intubation, or after
INCLUSION CRITERIA FOR ICU-ac-irniss.ion in patients in.tubated before ICU admission .
STUDY PARTICIPANTS = admlmstrat.lon o.f a vasoactive agent (adrenaline, dobutamine, or
noradrenaline) via a central venous catheter
= age older than 18 years
» informed consent to study participation
= coverage by one of the French statutory health insurance agencies
® invasive mechanical ventilation started more than 24 hours earlier
= surgery on the gastrointestinal tract within the past month
= history of gastrectomy, esophagectomy, duodenopancreatectomy,
gastric bypass or banding, or short bowel syndrome
®  gastrostomy or jejunostomy
= gspecific diet
= active bleeding from the gastrointestinal tract
= dying patient — not-to-be-resuscitated order or other treatment
NONINCLUSION CRITERIA | :(rirlllllttal?r?(rileffgizlrgi?aitslll(iij admission
FOR STUDY PARTICIPANTS

= pregnancy, recent delivery, or lactation

= patient admitted without his or her consent

= department of corrections inmate

= institutionalized patient

= prior inclusion in a randomized trial comparing early enteral
nutrition to early parenteral nutrition and having mortality as the
primary outcome measure

= contraindication to parenteral nutrition: known hypersensitivity to
egg protein, soybean protein, or another component; inborn error in
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amino acid metabolism; severe familial dyslipidemia manifesting
as hypertriglyceridemia

STRATEGIES / PROCEDURES

In both groups, nutritional support will be started within 24 hours after
the initiation of mechanical ventilation. Calorie targets will be 20-25
Kcal/Kg/day during the first week then 25-30 Kcal/Kg/day starting on
day 8. In the parenteral nutrition group, a switch to the enteral route
will be possible after at least 72 hours of parenteral nutrition, provided
the vasoactive agent(s) were stopped at least 24 hours earlier and the
arterial lactic acid level is lower than 2 mmol/L; on day 7, all patients
will be switched to enteral nutrition in the absence of an absolute
contraindication to use of the enteral route. In the enteral nutrition
group, supplemental parenteral nutrition may be added, starting on day
8, in patients with intolerance to enteral nutrition and inadequate
calorie intakes. A written protocol for prescribing and delivering
nutritional support will be available to ensure standardization across
study centers.

STRATEGIES / PROCEDURES
SPECIFIC OF THE ANCILLARY
STUDIES

- Ancillary study 1

The assays on D0, D3, and D8 will be performed on part of the blood
samples drawn for the standard care of these critically ill patients.

- Ancillary study 2

All tracheal aspirates (obtained routinely in patients receiving invasive
mechanical ventilation) will be collected over the first 48 hours
following randomization and stored at -20°. The aspirates will then be
centralized at the Biology and Pathology Center of the Lille Teaching
Hospital (Lille, France), where they will be used for quantitative assays
of pepsin and salivary amylase.

NUMBER OF PATIENTS

1427 in each group, i.e., 2854 patients in all

NUMBER OF PATIENTS IN THE
ANCILLARY STUDIES

- Ancillary study 1

85 patients per group, i.e., 170 patients in all

- Ancillary study 2

94 patients per group, i.c., 188 patients in all

DURATION OF THE STUDY

Inclusion period duration: 30 months

Duration of participation for each patient: duration of mechanical
ventilation (final extubation), follow-up until hospital discharge

Total study duration: 36 months (30 months for inclusion plus 6
months for follow-up and data checking).

PLANNED TRIAL START DATE

September 3, 2012

EXPECTED IMPACT

If the study hypothesis is confirmed, early enteral nutrition will
become the reference standard for initial nutritional support in
mechanically ventilated patients with shock, and the result will be
decreased morbidity and mortality rates and improved overall patient
outcomes.
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LIST OF ABBREVIATIONS
AFSSaPS Agence Frangaise de Sécurité Sanitaire des Produits de Santé
(French Healthcare Product Safety Agency)
APACHE Acute Physiology And Chronic Health Evaluation
BMI Body mass index
CCTIRS Comité Consultatif sur le Traitement de [’ Information en

matiere de Recherche (French Advisory Committee on Data
Handling in Healthcare Research)

CepiDc Centre d’épidémiologie sur les causes médicales de déces
(Epidemiology center for medical causes of death)

CFU Colony-forming unit

CIRCI Critical illness-related colonic ileus

CNIL Commission Nationale de |’Informatique et des Libertés
(French Data Protection Authority)

CRA Clinical research assistant

CRF Case-report form

CRN Clinical research nurse

CRP C-reactive protein

CRT Clinical research technician

CT Computed tomography

CTA Computed tomography angiography

CvC Central venous catheter

D Day

GCP Good clinical practice

H Hour

ICH International Conference on Harmonization

ICU Intensive care unit

I-FABP Intestinal Fatty Acid-Binding Protein

INSERM Institut National de la Santé et de la Recherche Médicale,
(French National Institute for Health and Medical Research)

ITT Intention to treat

v Intravenous

MPM-0 Mortality Prediction Model at admission

MRA Magnetic resonance angiography

NOMI Nonocclusive mesenteric ischemia

NRS Nutritional Risk Screening

NTBR Not to be resuscitated

REE Resting energy expenditure

RN Registered nurse

RRT Renal replacement therapy

SAE Serious adverse event

SAPSII Simplified Acute Physiology Score version II

SOFA Sequential Organ Failure Assessment

SPC Summary of product characteristics

SUSAR Suspected unexpected serious adverse reaction

TEI Total energy intake

USAE Unexpected serious adverse event

VAP Ventilator-associated pneumonia

Version #5.1 dated Decembre 12, 2014 Page 11 of 73



NUTRIREA-2

1) BACKGROUND

5.1 Title

Impact of Early Enteral vs. Parenteral Nutrition on Mortality in Patients Requiring
Mechanical Ventilation and Catecholamines: Multicenter Randomized Controlled Trial

(NUTRIREA-2)

5.2 Coordination and monitoring of the study
Unité de Recherche Clinique
Centre Hospitalier Départemental

85000 La Roche sur Yon, FRANCE

5.3 Investigators

Chief Investigator

Dr Jean REIGNIER

Service de Réanimation Polyvalente
Centre Hospitalier Départemental
85000 La Roche sur Yon, FRANCE
Tel.: +33 251 446 212

Fax: +33 251 446 294

jean.reignier@chd-vendee.fr

Associate Chief Investigator

Laurent BRISARD

Service Anesthésie-Réanimation — Chirurgie-Thoracique et Cardio-Vasculaire (C.T.C.V.).
Centre Hospitalier Universitaire — H.G.R.L.

44093 Nantes, FRANCE

Tel.: +33 240 165 304

Fax: +33 240 165 294

laurent.brisard@chu-nantes.fr
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Co-investigators:

— Amiens, CHU: Pr Hervé Dupont

— Angers, CHU: Pr Pierre Asfar

— Annecy, CH: Dr Michel Sirodot

— Beauvais, CH: Dr Jack Richecoeur

— Besancon, CHU: Dr Gael Piton

— Bordeaux, CHU: Dr Hoang-Nam Bui

— Chartres, CH: Dr Olivier Gontier

— Clermont-Ferrand, CHU: Dr Ali Ait Hssain

— Colombes, CHU Louis Mourier: Dr Stéphane Gaudry
— Dieppe, CH: Dr Jean-Philippe Rigaud

— Dijon, CHU: Dr Jean-Pierre Quenot

— Garches, CHU: Pr Djillali Annane

— Grenoble, CHU: Dr Carole Schwebel

— Kremlin-Bicétre, CHU: Dr Nadia Anguel

— Lens, CH, Dr Didier Thévenin

— Lille, CHRU: Pr Saad Nseir, Dr Saint Léger, Dr Parmentier, Pr Jourdain
— Lyon Medical ICU, CHU, Dr Véronique Leray

— Lyon E.Herriot, CHU, Dr Laurent Argaud

— Melun, CH: Dr Mehran Monchi

— Montauban, CH: Dr Frédéric Bellec

— Montreuil, CH: Dr Vincent Das

— Mulhouse, CH: Dr Frédérique Ganster

— Nantes Surgical ICU, CHU, Dr Antoine Roquilly

— Nantes Medical ICU, CHU, Dr Christophe Guitton

— Nantes Surgical ICU, Nord, CHU, Dr Raphael Cinotti
— Orléans, CHR: Dr Thierry Boulain

— Paris, CHU Cochin: Pr Jean-Paul Mira

— Paris, CHU Saint-Louis: Dr Emmanuel Canet

— Paris, CHU Saint-Antoine: Pr Bertrand Guidet

— Paris, CHU Tenon: Dr Michel Djibre
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— Paris, Hopital Saint-Joseph: Pr Benoit Misset

— Pointe a Pitre, CHU: Dr Guillaume Thiery

— Poitiers, CHU: Pr René Robert

— Rodez, CH: Dr Philippe Letocard

— Saint Denis, CH: Dr Daniel Silva

— Saint-Etienne, CHU: Pr Michael Darmon

— Saint-Malo, CH: Dr Francois Collet

— Strasbourg (NHC), CHRU: Pr Ferhat Meziani

— Strasbourg Hautepierre, CHRU: Dr Etienne Herbrecht
— Suresnes, Hopital Foch: Dr Jérdme Devaquet

— Tours Medical ICU, CHU: Dr Emmanuelle Mercier
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5.4 Methodologists — biostatisticians

Amélie Le Gouge

Centre d'Investigation Clinique INSERM 0202
CHRU de Tours - 2 Bd Tonnellé

37044 Tours cedex 9, FRANCE

Tel.: +33 247 478 693 - Fax: +33 247 474 662

Dr Bruno Giraudeau

Centre d'Investigation Clinique INSERM 0202
CHRU de Tours - 2 Bd Tonnellé

37044 Tours cedex 9, FRANCE

Tel.: +33 247 474 618 - Fax: +33 247 474 662

Dr Jérome DIMET

Unité de Recherche Clinique

Centre Hospitalier Départemental Vendée
85000 La Roche sur Yon, FRANCE

Tel.: +33 251 446 161 ext. 20 12

Fax: +33 251 446 298
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2) SCIENTIFIC RATIONALE FOR THE STUDY

5.5 Overview of the research project

In everyday ICU practice, nutritional support is an integral part of the life-sustaining
strategies used to combat the impact of critical insults (1). The enteral route, as opposed to the
parenteral route, is the recommended first-line route of administration in the most recent
French and international guidelines (2-7). Enteral nutrition has well-documented beneficial
effects on gastrointestinal mucosa integrity, wound healing, immune function, and responses
to tissue damage; these benefits may preserve the physical and functional integrity of the
gastrointestinal tract (8-11). Enteral nutrition may produce optimal benefits when started early
and in patients with multiple organ failures (12, 13). Most authors and professional
organizations define “early nutrition” as nutritional support started within 24 to 48 hours after
ICU admission (5, 14, 15). Early nutrition may contribute to diminish nosocomial infection

rates, stay lengths, and healthcare costs (2, 11, 16-29).

Despite the scientific evidence of benefits from nutritional support via the enteral route,
substantial gaps persist between everyday practice in many ICUs and widely disseminated
clinical practice guidelines. In a 2010 multicenter observational study that included nearly
3000 patients, almost 40% of patients were still without nutritional support 48 hours after ICU
admission, 35% of patients eligible for enteral nutrition were receiving parenteral nutrition,
and mean calorie and protein intakes amounted to only 60% of recommended targets (30).
Inadequacies were more marked among surgical patients than among medical patients (31).
Although delayed initiation of early enteral nutrition thus appears to be a common contributor
to malnutrition, variability in administration modalities combined with calorie deficiencies
also emerge as key factors in poor patient outcomes (19, 32-39). Before 2011, a multicenter
study from Germany in a cohort of patients with very severe critical illnesses (54% mortality
rate) showed that 35.1% of patients received parenteral nutrition only, 34.6% received
combined enteral and parenteral nutrition, and only 20.1% received enteral nutrition only
(19). This inadequate use of enteral nutrition can be ascribed to at least two factors: legitimate
or exaggerated concern about complications related to the enteral route and the absence of

sound scientific evidence demonstrating that one route is superior over the other.

The most common complication of early enteral nutrition is upper gastrointestinal
intolerance, which occurs in 50% of patients. Concern about nosocomial pneumonia and

undernutrition related to this complication remains a major deterrent to the use of early enteral
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nutrition (32-35, 38, 40-44). Upper gastrointestinal intolerance manifests as gastric
hypokinesia responsible for an increase in the residual gastric volume, which in turn is
believed to increase the risk of gastroesophageal reflux, aspiration, and nosocomial
pneumonia (45-52). The dreaded sequence of incomplete gastric emptying, gastroesophageal
reflux, aspiration, and nosocomial pneumonia is a constant concern for healthcare workers.
Ventilator-associated pneumonia (VAP) remains a major complication of mechanical
ventilation seen in 8% to 27% of patients and responsible for longer ICU stays and an
increased risk of death in some patients (53). The measure most commonly used to prevent or
decrease the risk of intolerance consists in discontinuing or markedly decreasing the flow rate
of enteral feed. This measure diminishes the energy and nutrient intakes, which no longer
meet the needs of the patient. In a prospective observational study, a negative energy balance
in surgical ICU patients was associated with undernutrition, which in turn correlated with a
higher rate of infections and with increased mortality in the most severely ill patients (54). In
contrast, parenteral nutrition appears to be the safest means of delivering the required amounts

of energy and protein.

The lower intestinal tract can also be the site of complications characterized by ischemia
despite patency of the blood vessels, a condition known as nonocclusive mesenteric ischemia
(NOMI) (55). NOMI may affect 20% to 30% of ICU patients with severe circulatory failure.
Intense splanchnic vasoconstriction designed to preserve blood flow to essential organs (the
brain, heart, and kidneys) can result in necrotizing enterocolitis, a condition that is fatal in
70% to 100% of cases (56, 57). The main causative factors are medications (catecholamines,
vasoconstrictors, cardiovascular drugs), patient characteristics (chronic hemodialysis, heart
surgery, multiple trauma), and critical complications (acute respiratory distress syndrome,
septic shock, cardiogenic shock, fluid and sodium overload) (58-60). The potential role for
enteral nutrition in the development of NOMI remains controversial. A study involving
superior mesenteric artery blood-flow measurement 3 h after the introduction of nutritional
support in volunteer ICU patients failed to conclusively resolve this issue (61). Enteral
nutrition was associated with a greater than 50% blood-flow increase and parenteral nutrition
with a greater than 60% decrease, indicating a theoretical risk of a mismatch between oxygen
supply and demand in the splanchnic territory in patients with acute circulatory failure

receiving enteral nutrition.

Another contributor to the current underuse of early enteral nutrition in many patients is
the conflicting nature of findings from available studies. In addition, no study to date has

demonstrated that a specific nutritional modality is associated with decreased mortality.
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International recommendations rest chiefly on metaanalyses whose interpretation is rendered
difficult by the heterogeneity of the included studies (2, 13, 14). These studies included a
predominance of surgical patients, many of whom were not receiving ventilatory assistance
and had low critical-illness severity. The most recent metaanalysis, published in 2009,
underlines the heterogeneity and sample-size inadequacies of the study populations, which
preclude definitive conclusions about treatment benefits in some cases (14). In a metaanalysis
confined to trials that used the intention-to-treat approach, i.e., nine of 465 trials, mortality
was higher with enteral nutrition (62). In this metaanalysis, mortality in patients given early
parenteral nutrition (within 24 h after ICU admission) was 56% lower than in patients given
late enteral nutrition (more than 48 h after ICU admission). The uncertainty surrounding
current recommendations has been acknowledged by their authors, who have emphasized the

need for adequately powered and randomized trials in homogeneous patient populations.

Several recent studies evaluated supplemental parenteral nutrition in patients with failure
to reach their target nutrient intakes due to poor tolerance of early enteral nutrition. The
optimal time for initiating combined parenteral and enteral nutrition is controversial, with
North-American societies recommending delayed introduction of parenteral nutrition after the
first week and European societies arguing for early combined nutrition designed to rapidly
reach the theoretical energy target (4, 6). A very recent, large, randomized, multicenter trial
(EPaNIC trial) compared these two strategies (63). All patients having a Nutritional Risk
Screening score >3 were included, i.e., over 4500 patients. The primary outcome measure was
ICU stay length, which was shorter by 1 day in the group given late parenteral nutrition. The
nosocomial infection rate and mechanical ventilation duration were higher in the early-
parenteral-nutrition group. In contrast, no significant differences were found for ICU or
hospital mortality rates. The authors concluded that early addition of parenteral nutrition to
enteral nutrition, within the first ICU week, provided no benefits and increased the length of
stay. These results should be interpreted in the light of the low overall ICU mortality rate
(6.2%) and limited duration of mechanical ventilation (2 days) related to the predominance of
heart-surgery patients, which preclude definitive conclusions regarding mortality. In contrast,
in a randomized trial from Switzerland that has so far been reported only during meetings, the
early adjunction of parenteral nutrition in patients whose nutritional targets were not achieved
by enteral nutrition was associated with a significant decrease in the nosocomial infection rate
(64). Although these two studies reflect the current high level of interest in early nutritional
support in ICU patients, neither was designed to compare the parenteral to the enteral route.

Instead, both studies sought to determine whether supplemental parenteral nutrition in patients
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with intolerance to enteral nutrition should be started early or only after the first week. Thus,
neither study provides any information on the possible superiority of one route over the other.
To date, no large prospective randomized trial has demonstrated that early enteral nutrition

improves survival in ICU patients, a fact that leaves room for active controversy (65-67).
The current situation can be summarized as follows.

1. International recommendations indicate that early enteral nutrition should be preferred

over parenteral nutrition.
2. Adherence to this guideline is poor in many patients, for a number of reasons:

a. Concern about potential complications of the recommended strategy and/or the
need to manage these complications when they occur result in an increased work

load and in delayed or absent use of early enteral nutrition.
b. The available data (metaanalyses) are conflicting.

c. The authors of the recommendations acknowledge that their guidelines rest on
converging arguments and indirect studies but not on sound evidence, most
notably from randomized trials having adequate statistical power and using

relevant clinical outcome measures.

d. The highly conflicting results of recent studies on supplemental early parenteral

nutrition constitute indirect evidence that the issue remains unresolved.

3. There is therefore a pressing need to conduct a study capable of determining whether the
enteral route is superior over the parenteral route for early nutritional support in ICU
patients. This study must be conducted in a population of selected patients at high risk for
death and/or secondary complications, most notably infections, in whom the
implementation of optimal nutritional support is likely to have the greatest consequences

and to raise the greatest difficulties.

Patients with shock requiring both invasive mechanical ventilation and vasoactive amines
have a particularly high level of illness severity associated with high risks of death, secondary
complications, intolerance to early enteral nutrition, and mesenteric vascular complications.
For these patients, most recommendations indicate that early enteral nutrition should not be
started until the hemodynamic situation is controlled (2, 4, 6). Therefore, either enteral
nutrition is delayed or parenteral nutrition is given initially (19). However, the greatest
benefits from enteral nutrition were reported in this type of population. In a retrospective

analysis of data from 1174 patients treated with mechanical ventilation and vasoactive agents
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(68), early enteral nutrition (within 48 h after starting mechanical ventilation) was associated
with a lower mortality rate compared to the group given late enteral nutrition. In the subgroup
analysis, the benefits from early enteral nutrition were greatest in the sickest patients (usually
those having the greatest dependency on vasoactive agents) and in the patients who failed to
improve promptly (i.e., who had marked vasoactive agent dependency throughout the first 48
h of treatment). Another retrospective study of 2528 patients requiring mechanical ventilation
for longer than 48 h produced similar findings (12). In the patients with the worst severity-of-
illness scores (APACHE II>25, SAPS 11>56, and MPM-0<0.54) at baseline, ICU and hospital
mortality rates were significantly lower with early vs. late enteral nutrition. Thus, severe
illness and established circulatory failure do not contraindicate early enteral nutrition,
provided the initial life-sustaining interventions are appropriate. Nevertheless, regarding the
nutritional strategy in this type of patient, adherence to recommendations is extremely
variable and the recommendations themselves are unclear because they do not rest on a body

of sound evidence allowing definitive conclusions.

The objective of this research project is therefore to obtain unequivocal confirmation, in
an appropriate number of patients and using a prospective multicenter randomized controlled
trial design, of the hypothesis that early first-line enteral nutrition decreases day-28 all-cause
mortality in patients with shock treated with mechanical ventilation and vasoactive amines,

compared to early first-line parenteral nutrition.

The NUTRIREA? trial provides the opportunity to answer two additional questions, via

an ancillary study for each.

1. Is enteral nutrition associated with better preservation of gut mucosa integrity compared to

parenteral nutrition?

Published studies suggest that enteral nutrition may help to preserve gut mucosal integrity
and function. More specifically, enteral nutrition may maintain normal gut permeability and
preserve the gut lymphoid tissue (11, 23, 69). In addition, experimental data suggest that the
risk of bacterial translocation may increase with parenteral nutrition and decrease with enteral
nutrition (16, 70-72). These effects of enteral nutrition may diminish the risk of systemic
inflammatory response syndrome and organ failure (29, 73). These theoretical benefits may,
however, be offset by the risk of gut mucosal ischemia possibly associated with enteral
nutrition (61, 74). Furthermore, they have not been demonstrated in critically ill patients,
particularly those with mechanical ventilation and shock. The NUTRIREA?2 trial provides a

valuable opportunity to compare the effects of enteral and parental nutrition on gut integrity
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and function in this population. Such a comparison can be performed readily in everyday
practice by assaying two molecules recently identified as reliable markers for gut failure as
seen in some critically ill patients (75-77). Citrulline is an amino acid produced from
glutamine by enterocytes. Plasma citrulline levels reflect the mass of functional enterocytes.
Intestinal fatty acid-binding protein (I-FABP, also known as FABP2) is a small protein found
in the cytosol of small-bowel enterocytes that is released into the capillaries when the
enterocytes are damaged. Plasma I-FABP is a marker for enterocyte lysis. Assaying both
plasma citrulline and plasma I-FABP may provide an evaluation of gut failure in critically ill
patients and may allow discrimination between enterocyte damage (low plasma citrulline and
high plasma I-FABP) and enterocyte dysfunction (low plasma citrulline and normal plasma I-
FABP), although both mechanisms may be interlinked (78). The hypothesis underlying this
ancillary study is that gut mucosal integrity and function are better in patients given first-line
enteral nutrition compared to those given parenteral nutrition. Higher plasma citrulline levels
and lower plasma [-FABP levels in the enteral-nutrition group than in the parenteral-nutrition

group would support this hypothesis.

2. Is enteral nutrition associated with a higher risk of gastric-content aspiration compared to

parenteral nutrition?

Risk factors for gastric-content microaspiration in critically ill patients include
gastroesophageal reflux, gastric distension, damage to the inferior and superior esophageal
sphincters, and impairment of the glottic closure reflex that normally prevents aspiration (79,
80). Several studies involving technetium 99m (*™Tc) labeling of gastric contents have
established that gastric-fluid microaspiration is common in critically ill patients receiving
both endotracheal ventilation and enteral nutrition (81-84). However, to our knowledge, no
studies have specifically addressed the role for enteral nutrition in the occurrence of
microaspiration. The objective of this ancillary study is to compare the frequency of gastric-
content microaspiration in patients given enteral versus parenteral nutrition during the
NUTRIREAZ2 trial. The new knowledge of risk factors for microaspiration provided by this

study may help to improve strategies for preventing microaspiration and VAP.

5.6 Overview of potential benefits and, where applicable, of
predictable and known risks for the patients participating in the
research project
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By comparing two strategies for nutritional support initiation, this study will strive to
standardize the initiation of nutritional support in patients treated with mechanical ventilation
and one or more vasoactive amines. At the acute phase of their ICU management, the study
patients will receive a single nutritional modality, i.e., either parenteral nutrition (early
parenteral group, P group) or enteral nutrition (early enteral group, E group) for at least 72 h
and no longer than 7 days. Each of these two modalities will be used according to a pre-
defined protocol that will include an estimate of energy needs based on body weight. Beyond
the first study week, the ICU teams will give preference to the enteral route, except in patients
with acute bowel disease constituting an absolute contraindication to enteral nutrition. Thus,
parenteral and enteral intakes will be combined according to each patient’s needs.

The standardization of nutritional support will constitute in itself a source of benefits to
the study patients (15). This study generates no additional risks to the patients. Nutritional
support, whether delivered enterally or parenterally, is among the first-line treatments used
routinely in the ICU. Raising healthcare worker awareness about good clinical practice in the
area of nutritional support receives careful attention as a matter of course in ICUs. Finally, to
date, no study has produced definitive information on the risks and benefits of enteral versus
parenteral nutrition.

Similarly, the ancillary studies will pose no additional risks to the patients. More
specifically, they will require no additional biological-sample collections. The citrulline and I-
FABP assays in Ancillary Study 1 will be performed on a fraction of the blood samples drawn
for the routine management of critically ill patients. These blood samples will simply need to
be increased slightly (by about 2 mL). The pepsin and salivary amylase assays needed for
Ancillary Study 2 will be performed on tracheal aspirates obtained as part of the standard care

of patients receiving mechanical ventilation. Thus, no additional procedures are required.

5.7 Statement that the research project will be conducted in compliance
with the study protocol and with good clinical practice guidelines

The investigator undertakes to ensure that this research is conducted
- in compliance with the study protocol and

- in compliance with current French and international good clinical practice guidelines.

5.8 Description of the study population
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This study will include adults admitted to the ICU and eligible for enteral or parenteral
nutrition within 24 h after endotracheal intubation (or within 24 h after ICU admission if
intubation occurred before ICU admission), for a predicted duration of at least 2 days.
Furthermore, eligibility for study inclusion will require a serious critical illness defined as a
need for vasoactive amine therapy to treat shock combined with invasive mechanical
ventilation started within the past 24 h. The controlled nutritional-support strategy will be
used only during the acute phase of intensive care, defined as the first 7 days in the ICU.

Section 5 describes the inclusion and exclusion criteria used to select the study patients.
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3) STUDY OBJECTIVES

5.9 Primary objective

The primary objective of this research project is to assess the hypothesis that a strategy
involving first-line early enteral nutrition decreases day-28 all-cause mortality in
mechanically ventilated patients receiving vasoactive amine therapy for shock, compared to a

strategy involving first-line early parenteral nutrition.

5.10 Secondary objectives

The secondary objectives consist in comparing the following variables in the two groups:
* Nosocomial infections:
o VAP: proportion of patients with at least one VAP episode, VAP incidence
density, number of VAP episodes
o Bacteremia: proportion of patients with at least one episode of bacteremia,
incidence density of bacteremia
o Central venous catheter (CVC)-related infections: proportion of patients with at
least one CVC-related infection, incidence density of CVC-related infections
o Urinary tract infections: proportion of patients with at least one urinary tract
infection, incidence density of urinary tract infections
o Soft tissue infections: proportion of patients with at least one soft tissue infection,
incidence density of soft tissue infections
= Descriptive bacteriological data (organisms recovered and antibiotic resistance profile for
each nosocomial infection)
* Proportion of patients with at least one episode of vomiting or regurgitation
= Proportion of patients with at least one episode of diarrhea
* Proportion of patients with at least one episode of constipation
= Proportion of patients with at least one episode of documented bowel ischemia
* Number of calories delivered enterally and parenterally each day
=  Volume of enteral and parenteral feed delivered each day
= Ratio of prescribed over delivered calories

* JCU mortality, day-90 mortality, and hospital mortality
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» Changes in nutritional markers during follow-up (measured at the end of mechanical
ventilation, on day 7 in patients on mechanical ventilation for more than 7 days, and at
ICU discharge)

= Proportion of patients with at least one episode of liver dysfunction (liver function will be
evaluated at the end of mechanical ventilation, on day 7 in patients on mechanical
ventilation for more than 7 days, and at ICU discharge)

* ]CU stay length

= Hospital stay length

» Total time on mechanical ventilation

* Body weight changes from ICU admission to day 7 and from ICU admission to ICU
discharge

5.11 Objectives of the ancillary studies

—  Ancillary study 1

o Primary objective: To demonstrate that a strategy involving early first-line
enteral nutrition is associated with improved preservation of gut mucosal
integrity, as assessed based on the plasma citrulline level at H72, compared to
a strategy involving early first-line parenteral nutrition

o Secondary objectives: To compare the effects of enteral and parenteral
nutrition on the course of organ failures, bacteremia, gastrointestinal

intolerance, bowel transit time, and plasma citrulline and I-FABP levels

— Ancillary study 2

o Primary objective: To evaluate the impact of enteral nutrition on
microaspiration of gastric content
o Secondary objective: To evaluate the impact of enteral nutrition on

microaspiration of pharyngeal secretions

5.12 Impact

If the study hypothesis is confirmed, then early enteral nutrition will become the

reference standard method of nutritional support in mechanically ventilated patients with
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shock, based on improvements in morbidity and mortality rates and in the overall outcome of
patients at the acute phase of ICU management.

The ancillary studies will clarify the impact on gut function of the route of administration
of nutritional support, as well as the pathophysiology of gastric-content aspiration, in patients

receiving mechanical ventilation.
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4) STUDY CONCEPTS

5.13 Detailed descriptions of the primary endpoint and, where
applicable, of the secondary endpoints

4.1.1 Primary endpoint

The primary endpoint is all-cause mortality by day 28 (D28). Information on this endpoint

will be collected on the 28™ day after inclusion of the patient in the study. For patients

who have been discharged, information on the primary endpoint will be collected by a

telephone call to the patient at home.

4.1.2  Secondary endpoint

Proportion of patients with at least one VAP episode (numerator in each group: total
number of patients with at least one VAP episode during mechanical ventilation or
within 2 days after extubation; denominator: total number of patients included in the
relevant group).
The diagnosis of VAP will be suspected based on the development or persistence of
lung infiltrates on the chest radiograph with at least two of the following criteria: body
temperature >38.5 or <35.5°C, leukocytosis (>10000/mm?®) or leukopenia
(<4000/mm?), and purulent tracheobronchial aspirate. The diagnosis will have to be
confirmed by a positive semi-quantitative bacteriological test: bronchoalveolar lavage
(>10* cfu/mL), brush (>103 cfu/mL), tracheal aspirate (>10¢ cfu/mL), or protected
distal specimen (>107 cfu/mL) (53, 69).
VAP incidence density per 1000 days of mechanical ventilation, i.e., ratio of the
number of patients with at least one VAP episode during mechanical ventilation or
within 2 days after extubation over the period at risk defined as follows:

o total number of mechanical ventilation days in patients without VAP

o mechanical ventilation days before the first VAP episode in patients with VAP
Number of VAP episodes per patient
Other nosocomial infections:

o Bacteremia: proportion of patients with at least one episode of bacteremia and

incidence density per 1000 ICU days
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o CVC-related infections: proportion of patients with at least one CVC-related
infection and incidence density per 1000 CVC days
o Urinary tract infections: proportion of patients with at least one episode of
urinary tract infection and incidence density per 1000 urinary-catheter days
o Soft tissue infections: proportion of patients with at least one soft tissue
infection and incidence density per 1000 ICU days
o Other nosocomial infections: proportion of patients with other nosocomial
infections and incidence density per 1000 ICU days
= Proportion of patients with at least one nosocomial infection
» Descriptive bacteriological data: organisms recovered in the overall population of
nosocomial infections and antimicrobial resistance profiles
» Proportion of patients with at least one episode of vomiting or regurgitation while on
mechanical ventilation
= Proportion of patients with at least one episode of diarrhea defined as liquid stools in a
volume greater than 300 mL/24 hours in patients with a fecal collector or as more than
four loose stools/24 hours (15).
= Proportion of patients with at least one documented episode of bowel ischemia defined
as absent blood flow in one of the main arteries supplying the bowel (superior
mesenteric artery, inferior mesenteric artery, or celiac artery) with evidence of bowel
wall compromise on an imaging study (computed tomography angiography [CTA],
angiography, or magnetic resonance angiography [MRA]) or presence of criteria for
colonic ischemia according to the Favier classification system (stage I, petechiae;
stage I, petechiae and superficial ulcers; and stage III, necrotic ulcers and polypoid
lesions) by endoscopy (rectosigmoidoscopy or colonoscopy) (70)
* Number of calories (in Kcal) delivered enterally and parenterally:
o daily mean during the first week
o daily mean throughout the time on mechanical ventilation
= Ratio (as a %) of prescribed over delivered calories delivered enterally and parenterally:
o daily mean during the first week
o daily mean throughout the time on mechanical ventilation
o proportion of patients who achieved their calorie target on each follow-up day
*  Volume of liquid feed (in mL) delivered
o daily mean during the first week

o daily mean throughout the time on mechanical ventilation
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= [CU mortality, 90-day mortality, and hospital mortality; to confirm deaths by day 90,
we will search the epidemiological causes-of-death database (CépiDc, Centre
d’épidémiologie sur les causes médicales de déces).

= Mean changes in serum albumin, prealbumin, transthyretin, and C-reactive protein
(CRP) measured at baseline, at the end of mechanical ventilation, on day 7 (in patients
on mechanical ventilation for more than 7 days), and at ICU discharge

= Proportion of patients with at least one episode of liver dysfunction during follow-up;
liver function will be evaluated at the end of mechanical ventilation, on day 7 (in
patients on mechanical ventilation for more than 7 days), and at ICU discharge; liver
dysfunction will be defined as serum bilirubin >50 pmoL/L and/or elevation >3N in
one or more liver enzymes (y-glutamyltransferase, alkaline phosphatase, and ASAT-
ALAT).

= [CU stay length

= Hospital stay length

= Time on mechanical ventilation

= Changes in mean body weight determined at baseline, on day 7, and at ICU discharge

4.1.3 Endpoints for the ancillary studies

—  Ancillary study 1
o Primary outcome measure: plasma citrulline level at H72

o Secondary outcome measures: SOFA score; plasma levels of citrulline and I-
FABP on DO, D3, and DS8; proportion of patients whose plasma I-FABP is
>100 pg/mL on DO, D3, and D8; proportion of patients whose plasma citrulline
1s <10 pL/L on DO, D3, and D8; mean plasma I-FABP; mean plasma citrulline;
proportion of patients with at least one episode of bacteremia; proportion of
patients with at least one episode of gastrointestinal intolerance; proportion of
patients with at least one episode of diarrhea; in the enteral-nutrition group,
cumulative calorie intake over the first 3 days and on D7; impossibility of

administering enteral nutrition.

— Ancillary study 2
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o Primary outcome measure: proportion of patients with abundant
microaspiration

o Secondary outcome measures: salivary amylase levels in tracheal aspirates

5.14 Description of the research project methodology with a study
diagram including scheduled visits and investigations

4.2.1 Study design

This multicenter randomized controlled open trial will compare two parallel groups of
patients receiving mechanical ventilation and vasoactive amine therapy and given early
nutritional support according to one of two strategies (first-line enteral nutrition versus first-

line parenteral nutrition) at the acute phase of ICU management (D1 to D7).

4.2.2 Conduct of the study

4.2.2.1 Inclusion

Patients will be included in the study within 24 h after intubation, or within 24 h after
ICU admission if they were intubated before ICU admission. Study inclusion will occur after
the usual initial life-sustaining interventions required in patients with shock managed using
ventilatory support. The study will include patients requiring vasoactive amine therapy after
volume expansion if indicated and any evaluation procedures dictated by the clinical
condition. These initial treatment and evaluation decisions will be at the discretion of the
physician in charge of each patient, who will follow standard procedures in the relevant study
ICU.

Information about the study and collection of consent to study participation will involve
the patient if he or she is conscious and the next of kin otherwise. If informed consent is
obtained from the next of kin, informed consent will be sought from the patient as soon as he
or she recovers a sufficient level of consciousness.

A log of patients considered for study participation will be kept and will include any

reasons for non-inclusion and refusals of consent.
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After checking the inclusion and non-inclusion criteria, as well as consent to participation
given by the patient or next of kin, the investigator will be able to include the patient. At
inclusion, demographic data, patient characteristics, and vital signs will be collected: date of
birth, sex, date of ICU admission, reason for ICU admission, McCabe and Knaus scores,

chronic co-morbidities, body weight, height, BMI, SOFA score, and SAPS II.

4.2.3 Nutritional support protocol

The nutritional support protocol, including measures designed to evaluate tolerance, will

be standardized as indicated below.

a. General principles

Nutritional support will be started as soon as possible after the initiation of invasive
mechanical ventilation and no later than 24 hours after intubation or after ICU admission in
patients intubated before ICU admission.

The calorie target for each patient will be estimated based on body weight as 20-25
Kcal/Kg/day during the acute phase (7 days at the most) then 25-30 Kcal/Kg/day from day 7
to extubation. In obese patients (BMI> 30 Kg/m?), the body weight yielding a BMI of 30 will
be used to estimate the calorie target.

Nutritional support will be prescribed as a flow rate (mL/hour) and started at the
prescribed flow rate (as opposed to increased gradually). The feed will be delivered
continuously, over the 24-hour cycle, with no interruptions. Actual feed delivery will be
monitored regularly based on the volumes delivered relative to the predefined daily calorie
targets. In addition, special attention will be directed to avoiding delays. Any interruption in
feed delivery will be reported to the ICU physician in charge. Except in special situations,
nutritional support will not be interrupted while transporting the patient. However, when
enteral or parenteral nutrition must be interrupted (e.g., for a specific gastrointestinal or
radiological investigation), the flow rate will not be increased to compensate for the
interruption. Finally, the patient will be in the semi-recumbent supine position with the torso

at 30° to 45° from the horizontal plane.

b. Enteral nutrition

Isoosmotic isocaloric normal-protein polymeric preparations will be used during the first
week, after which the choice of feed will be at the discretion of the physician. The enteral

nutrition preparation will be delivered continuously, over the 24-hour cycle, with no
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interruptions, via a 14-French silicone gastric tube. Tube position in the middle of the
stomach will be checked on a radiograph obtained at ICU admission or immediately after tube
placement, as well as when the tube is changed or repositioned. Special attention will be
directed to the risk of tube obstruction, particularly when administering medications: the tube

will be flushed regularly with 20-30 mL of water.

A predefined protocol will be used to manage upper gastrointestinal intolerance to enteral
nutrition (Appendix 1) (71). The tolerance of enteral nutrition will be monitored 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 mobilization). The residual gastric volume will not be monitored. Intolerance to enteral
nutrition will be defined as the presence of significant vomiting or regurgitation. Minimal
regurgitation or vomiting triggered by tracheal aspiration or oral cavity care will not be taken
to indicate intolerance. Intolerance to enteral nutrition will lead to the following two

measurces:

» First, initiation of treatment with a prokinetic agent affer confirmation that there are
no contraindications and after obtaining a prescription by a physician. The study
ICUs will use the prokinetic agent of their choice, according to their standard practice.
The prokinetic agent will be continued until enteral nutrition at the highest prescribed
flow rate has been well tolerated for 48 hours. The prokinetic agent will then be
discontinued.

* Second, if the intolerance persists despite prokinetic therapy, the flow rate will be
decreased by 25 mL/h, every 6 hours, until the signs of intolerance resolve. Therefore,
enteral nutrition will be stopped (and the gastric tube placed under suction) only in
patients with intolerance despite a flow rate <25 mL/h. All interruptions in enteral
nutrition delivery must be reported to the intensivist in charge. This precaution is
particularly important in patients receiving insulin. Enteral nutrition will be resumed at
the prescribed flow rate (appropriate to the patient’s needs) after 6 hours have elapsed

with no further signs of intolerance. (71).

¢. Parenteral nutrition

Ternary admixtures packaged in bags and containing the three groups of macronutrients
will be used according to standard practice in each participating center. Supplemental
electrolytes will be supplied in a solution separate from the parenteral feed, according to the

needs of each patient. Parenteral nutrition will be delivered continuously, over the 24-hour
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cycle, with no interruptions, via a central venous catheter (CVC). Special attention will be
directed to preventing infections by complying with the standard protocols for CVC insertion
and maintenance used in each of the participating centers. Proper positioning of the CVC will

be checked using a radiograph.

d. Additional intakes (water, electrolytes, trace elements, and vitamins)

Additional water and electrolytes will be given intravenously according to the needs of
each individual patient as assessed by the physician in charge and in compliance with
standard practice in each study ICU.

Intravenous vitamins, trace elements and, when appropriate, will be given according to the
needs of each individual patient, using the standard preparations and protocols available in
each study ICU.

These components will not be added to the parenteral nutrition bags. Instead, they will be
given using a separate intravenous bag and line, continuously over the 24-hour cycle; if

needed, this separate preparation will be shielded from light using aluminum foil.

4.2.4 Study intervention: first-line enteral or parenteral nutrition

After study inclusion, patients will be allocated at random to one of two nutritional-
support strategies (Figure 1).

In the parenteral-nutrition group (P group), the patients will receive first-line
parenteral nutrition for at least 72 hours. After these 72 hours, the course of action will
depend on the results of the daily hemodynamic status evaluation. If the hemodynamic
condition is stable (no vasoactive amines for 24 consecutive hours and arterial lactic acid
level below 2 mmol/L) and the enteral route can be used, parenteral nutrition will be stopped
and immediately replaced by enteral nutrition at the flow rate needed to achieve the
previously defined calorie target. If on the contrary the patient still requires vasoactive amine
therapy and/or the arterial lactic acid level is equal to or greater than 2 mmol/L, parenteral
nutrition will be continued for a total of 7 days (168 hours). On day 8, in the absence of
contraindications to enteral nutrition, parenteral nutrition will be stopped and enteral nutrition
started. Supplemental parenteral nutrition may be added subsequently in the event of

intolerance to enteral nutrition precluding the achievement of the predefined calorie targets.

In the enteral-nutrition group (E group), the patients will receive first-line enteral

nutrition. In the event of persistent gastrointestinal intolerance precluding achievement of the
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predefined calorie targets, supplemental parenteral nutrition may be added starting on day 8 in
compliance with North-American recommendations and with the recently published study by
Casaer (6, 72). Isoosmotic isocaloric normal-protein polymeric preparations will be used
during the first week, after which the choice of the preparation will be at the discretion of the
physician. To minimize 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.
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Figure 1: Protocol

Patient started on invasive mechanical ventilation in the ICU within the past
24 h or, if mechanically ventilated before ICU admission, admitted to the ICU
within the past 24 h, given vasoactive amine therapy, and having none of the
exclusi_on criteria

v
RANDOMIZATION = D0

A

P group (ternary admixture used routinely in the E group (isocaloric preparation used routinely in the
study center) study center)
Start at 20-25 Kcal/Kg/d Start at 20-25 Kcal/Kg/d
+ trace elements and vitamins + trace elements and vitamins
D1
D2
EVALUATION AFTER 72 H OF P D3

No vasoactive amines for 24 consecutive hours

AND lactic acid <2 mmol/L R
AND patient eligible for enteral nutrition Monitor E
No supplemental P

(see protocol for managing
NO YES intolerance, Appendix 1)
Daily reevaluation
\
Continue P Stop P and start E

(20 Kcal/Kg/d) PG D7
D8 | stop P >| - E:25-30 Kcal/Kg/d D

P - Supplemental P possible if persistent intolerance to E 8

Monitor E

(see protocol for managing intolerance, Appendix 1)

D Extubation = End of study
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4.2.5 Monitoring of intestinal transit

The volume and appearance of the stools will be monitored daily.

The occurrence of constipation (no stool for more than 6 days) or diarrhea (more than 300
mL of liquid stool or 4 loose stools per day) will be reported and will lead to the appropriate
diagnostic and therapeutic management (Appendix 2) (15, 73, 74).

4.2.6 Special situations

= Patients in the prone position: intolerance to enteral nutrition is particularly common

in this position and will be prevented via prophylactic prokinetic treatment started at
the first turn in the prone position (75, 76).

= Patients receiving insulin therapy: very close monitoring and strict application of the

insulin-therapy protocol used in each study-center institution are crucial. Blood
glucose targets will be at the discretion of each study center according to their usual
practice and protocols. In addition,

o in the event of a decrease in the enteral feed flow rate due to poor tolerance of
enteral nutrition (regurgitations), blood glucose levels will be determined at
least hourly during the first 2 hours following the flow rate reduction; if blood
glucose levels remain stable, the patient will be returned to the frequency of
monitoring specified in the insulin-therapy protocol;

o In the event nutritional support is discontinued, blood glucose levels will be
determined hourly for as long as the patient remains off enteral nutrition.

= Patients who are re-intubated or re-admitted to the ICU: if this event occurs at the

acute management phase (<7 days after first use of mechanical ventilation), the patient
will be managed in the same way as during the first period of intubation, until the end
of the acute phase. Thus, a patient allocated at random to the enteral-nutrition group (E
group) will remain in this group for at least the first 7 days of management. If the
event occurs after the end of the acute phase, the method of nutritional support will be

at the discretion of the physician in charge.

4.2.7 Patient follow-up

The following will be recorded until the patient is extubated: vital signs, nutrition

monitoring data, laboratory tests, and data relevant to nosocomial infections. The patient will
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be followed-up to hospital discharge, D28, and D90. At these time points, vital status will be

recorded. Below is a flowchart of patient follow-up.

*from time at inclusion to 11:59 pm
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Design of the ancillary studies
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Ancillary study 1

The plasma citrulline and I-FABP assays on DO, D3, and D8 will be performed using
blood drawn as part of the standard care of critically ill patients; the volume of each blood
sample will be increased slightly (by about 2 mL) to allow these assays. For amino acid
chromatography, blood will be drawn in a lithium heparin tube, which will be transported on
ice as promptly as possible to the medical biochemistry laboratory. At arrival at the laboratory
and within 2 hours after blood collection, the sample will be centrifuged (4°C, 1900 rpm, 10
minutes) and the plasma stored at -70 °C until the analysis.

The samples will be centralized at the Biology Center of the Besangon Teaching Hospital.
After thawing and deproteinization, ion-exchange chromatography will be performed on a
Hitachi L-8800 analyzer (Hitachi, Tokyo, Japan).

I-FABP will be assayed using a blood sample drawn into an EDTA tube, which will be taken
as rapidly as possible to the medical biochemistry laboratory. At arrival at the laboratory, the
sample will be centrifuged (4°C, 1500 rpm, 15 minutes) and the plasma stored at -70°C until
analysis by ELISA (Hycult Biotech, Uden, The Netherlands) at the Biology Center of the

Besangon Teaching Hospital.

Ancillary study 2

Tracheal aspiration will be performed according to standard practice in the study centers.
All tracheal aspirates obtained within 48 hours after randomization for the NUTRIREA?2 trial
will be stored frozen at each study center. The frozen aspirates will be sent to the
Biochemistry Department of the Lille Teaching Hospital (Dr. M. Balduyck, Dr. F. Zerimech,
and Dr. P. Maboudou), where the pepsin and salivary amylase assays will be performed.

The measures taken to prevent microaspiration will comply with current
recommendations and with standard practice in each study center. They will consist of the
following:

e Endotracheal tube cuff pressure kept at about 25 cm H»O;

e Semi-recumbent patient position;

e Application of at least 5 cmH2O of positive end-expiratory pressure (PEP) in patients

without contraindications;

e Daily evaluation of criteria for weaning off mechanical ventilation, to minimize the

duration of mechanical ventilation;

e No routine prophylactic treatment of stress-induced ulcers; and

Limited use of sedation and application of a sedation management protocol.
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5.15 4.3 Description of measures taken to minimize and avoid
biases

4.3.1 Random allocation

The randomization scheme will be stratified on the study site. Patient category
(postoperative or medical) will not be used for stratification, as the distribution between
postoperative and medical patients is expected to be heavily skewed (based on earlier studies,
surgical patients are expected to contribute only 10% of the study population). Random
allocation will be performed using the electronic case-report form available at each study

center.

4.3.2 Blinding methods

The trial will be open, since nutritional support requires the intervention of a nurse and
involves two different routes of administration (enteral or parenteral), one for each group of

study patients.

Given the absence of blinding, the secondary endpoints relevant to nosocomial infections
will be validated by an adjudication committee. Nosocomial infections are of the utmost
clinical importance, and the results of our study may have a major impact on future patient
management. Consequently, a very high level of uniformity in data collection is crucial to

ensure that highly reliable results are obtained.

4.4Expected duration of study patient participation and description of the time
sequence and duration of all trial periods, including follow-up, where
applicable
The duration of participation of each patient in the study will depend on the time to
extubation. The vital status of each patient will be recorded at ICU discharge, at hospital
discharge, on D28, and on D90. For patients discharged before D28 and/or D90, a telephone
interview will be arranged.
Study recruitment is expected to last 30 months, yielding a total patient follow-up time of

36 months.

4.5 Reasons for permanent or temporary study discontinuation
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4.5.1 Patient withdrawal from the study

The patients or next of kin may ask to withdraw from the study at any time and for any
reason. In the event of secondary withdrawal of consent to participation in the research
project, none of the data collected since study inclusion of the patient will be used, in
compliance with the wishes of the patient or next of kin. Withdrawal of a patient from the
study will have no impact on the standard care delivered to the patient for the condition that
prompted the hospital admission. The laboratory tests specific to the study nutritional-support
protocol will not be performed. All investigations and treatment decisions will be at the

discretion of the physician in charge of the patient.

Should a patient be lost to follow-up, all data for that patient collected since study

inclusion will be used, and the investigator will make every effort to contact the patient.

4.5.2 Discontinuation of all or part of the study

Given that this study investigates standard practice, no study discontinuation criteria have
been defined in advance, except the following:
1. scientific publication resulting in a consensus that challenges the primary study
hypothesis or the method used to treat mechanically ventilated patients;
2. interim analysis conducted by the independent data monitoring committee and

showing an early significant difference in the primary endpoint .

4.6Data collection

All the study data are collected routinely in ICUs for the management of mechanically

ventilated patients with shock.

Demographics and clinical data

= At inclusion: date of birth, sex, date of ICU admission, reason for ICU admission,
McCabe and Knaus scores, chronic co-morbidities, body weight, height, BMI, and
SOFA score

= at H24: SAPS II and SOFA score
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= follow-up: date of final extubation, date of ICU discharge, date of hospital discharge
(Acute care hospital), vital status at ICU discharge, and vital status at hospital
discharge

Nutritional data, every day, until extubation of the patient. name of the enteral or

parenteral preparation; target number of calories; volume and calories delivered each day;
vomiting (yes/no every 4 hours, with the time of any vomiting episodes); decrease or
discontinuation of nutritional support (yes/no); reason for decreasing or discontinuing
nutritional support (vomiting, diarrhea, acute pseudoobstruction of the colon, other acute
abdominal symptoms, abdominal complication, imaging study/other); presence, volume, and
appearance of the stools (yes/no every 4 hours, exact volume in mL and, where applicable,
qualitative description as normal/liquid/mucopurulent/mucous/bloody); and diarrhea with its

presumed cause (intolerance to nutritional support, medication, Clostridium difficile, other).

Treatments given: Every day, until extubation of the patient: prokinetic agent (dose/24 h),

polyethylene-glycol (dose/24 h), neostigmine (dose/24 h), sedation (dose/24 h and nature of
the hypnotic and/or opioid agents), neuromuscular blockers (dose /24 h), catecholamines
(dobutamine, noradrenaline, or adrenaline; yes/no regardless of duration and dose), renal
replacement therapy (yes/no), antibiotics (yes/no), insulin (total dose/24 h), volume of 1V
fluids (total/24 h), and gastric anti-secretory agents (sucralfate, proton-pump inhibitors,

histamine receptor antagonists, other).

Laboratory data

» DI: hemoglobin, leukocytes, platelets, Na, K, Ca?>*, Ph, PaO,, PaCO», pH, arterial
lactic acid, bicarbonate, urea, creatinine, bilirubin, ASAT-ALAT, gamma-glutamyl

transpeptidase, alkaline phosphatase, and total protein

= Daily from D1 to D7 (if extubation before D7: on the day of extubation then stop):
PaO,, arterial lactic acid, bilirubin, ASAT-ALAT, gamma-glutamyl transpeptidase,
alkaline phosphatase, glucose, protein, Na, K, Ca?+, Ph,, creatinine, and SOFA

* Albumin, pre-albumin, transthyretin, and CRP on D1 and D7 or on the day of

extubation
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Nosocomial infections (one data-collection form per infection): VAP (date, organism,

resistance profile), bacteremia (date, organism, resistance profile), intravascular catheter-
related infection (date of the diagnosis, organism, resistance profile), urinary tract infection
(date of the diagnosis, organism, resistance profile), soft tissue infection (date of the
diagnosis, organism, resistance profile); and other (type, date of the diagnosis, organism,

resistance profile).

Invasive devices: endotracheal tube (dates of insertion and removal), intravascular

catheters (dates of insertion and removal), and urinary catheters (dates of insertion and

removal)

Additional data collected during the ancillary studies

— Ancillary study 1

Plasma citrulline and I-FABP assays on D0, D3, and DS8. Blood will be drawn by the nurse in
charge of the patient as part of standard care. Each blood sample will be labeled with the
number assigned to the patient, the first initial of the patient’s last and first names, the
patient’s date of birth, the date and time of sample collection, and the number assigned to the
sample.

For amino acid chromatography, the blood samples will be centrifuged within 2 hours after
collection (4°C, 1900 rpm, 10 minutes) and the plasma stored at -70 °C at the study center.
For the I-FABP assay, the blood samples will be centrifuged (4°C, 1500 rpm, 15 minutes) and
the plasma stored at -70°C until the analysis.

An accredited transporter will take the samples to the Biology Center of the Besancon
Teaching Hospital, where they will be processed. The samples will be destroyed after the
assays are performed.

—  Ancillary study 2

DO, D3, and D8: pepsin and salivary amylase assays in all tracheal aspirates

The tracheal aspirate samples will be collected by the nurse in charge of the patient, according
to standard practice. Each sample will be labeled with the number assigned to the patient, the
first initial of the patient’s last and first names, the patient’s date of birth, the date and time of
sample collection, and the number assigned to the sample. Each tracheal aspirate sample

(about 1-2 mL per aspirate) will be stored at -20 °C at the biochemistry department of each
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study center. An accredited transporter will take the samples to the Biology and Pathology
Center of the Lille Teaching Hospital, under the responsibility of Dr Balduyck, Dr Zerimech,
and Dr Maboudou, for blinded assays of pepsin and salivary amylase. Pepsin levels will be
measured using an ELISA, under the responsibility of Dr. Zerimech and Dr Balduyck, at the
Molecular Biochemistry-Biology Laboratory headed by Pr. N. Porchet, Biochemistry
Department, Lille Teaching Hospital. The amylase assays will be performed under the
responsibility of Dr Maboudou at the Biochemistry, Proteins, and Predictive Biology
Laboratory headed by Pr N. Porchet, Biochemistry Department, Lille Teaching Hospital. A
colorimetric enzyme assay will be used. The level of salivary amylase will be computed as the
difference between total and pancreatic amylase levels. The samples will be destroyed after

the assays are performed.

S SELECTION AND EXCLUSION OF PATIENTS FOR THE STUDY

5.16 Inclusion criteria to be met by study participants

» Invasive mechanical ventilation for an expected duration of at least 48 hours

= Nutritional support started within 24 h after intubation

= Treatment with a vasoactive amine (adrenaline, dobutamine, or noradrenaline) via a
central venous catheter

= Age older than 18 years

* Informed about the study and having consented to participation in the study

* Covered by the French public health insurance system

5.17 Noninclusion criteria to be absent in study participants

* Invasive mechanical ventilation started more than 24 h earlier

» Patient admitted for an acute gastrointestinal condition that contraindicates enteral
nutrition

= Surgery on the gastrointestinal tract within the past month

= History of gastrectomy, esophagectomy, duodenopancreatectomy, bypass surgery,

gastric banding, or short bowel syndrome

Version #5.1 dated Decembre 12, 2014 Page 44 of 73



NUTRIREA-2

=  QGastrostomy or jejunostomy

» Specific nutritional needs, such as pre-existing long-term home enteral or parenteral
nutrition

= Active gastrointestinal bleeding

= Dying patient — not-to-be-resuscitated order or other treatment-limitation decision at
ICU admission

* Adult under guardianship

= Pregnancy, recent delivery, or lactation

= Department of corrections inmate

= Institutionalized patient

» Prior inclusion in a randomized trial designed to compare enteral and parenteral
nutrition

* Contraindication to parenteral nutrition: known hypersensitivity to egg or soybean
proteins or to another component, inborn error in amino-acid metabolism, or severe

familial dyslipidemia affecting triglyceride levels

5.3 Recruitment modalities

Participation in the study will be suggested to all patients admitted to the study ICUs,
given vasoactive amine therapy, placed under invasive mechanical ventilation for an expected

duration of at least 48 h, and requiring early enteral or parenteral nutritional support.

5.4 Contraindication to participation in another research project

Patients included in this study will not be eligible for participation in other studies that

compare enteral and parenteral nutrition and/or that have the same objectives.

5.5Critéres d’inclusion des personnes qui se prétent aux études
ancillaires
Patients meeting the criteria for inclusion in the NUTRIREAZ2 trial will be eligible for
inclusion in the ancillary studies, after the patient, a relative, or a surrogate receives
information and states that he/she has no objection to inclusion in the ancillary studies (see

the specific patient information document in the appendix).
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6 PRODUCTS ADMINISTERED TO THE STUDY PARTICIPANTS

6.1 Study intervention

We will evaluate two strategies for initiating nutritional support: first-line parenteral
nutrition and first-line enteral nutrition. Patients allocated at random to the enteral-nutrition
group (E) will receive enteral nutrition only; and those allocated at random to the parenteral-
nutrition group (P group) parenteral nutrition only for at least 72 hours and until day 7 of
invasive mechanical ventilation, except if the physician in charge decides that the clinical
situation mandates continued parenteral nutrition. In both groups, nutritional support will be
started within 24 h after intubation. The selection of nutritional preparations will be at the
discretion of the investigators according to availability and standard protocols used in each
ICU.

The daily calorie target in both groups is 20-25 Kcal/Kg/day at the acute phase of ICU
management, in compliance with current recommendations (4-6, 77). This calorie intake is
adequate in over 90% of ICU patients with systemic insults and equals 1.3- to 1.5-fold the
mean resting energy expenditure (REE) estimated using simplified equations. In addition, this
calorie intake avoids overnutrition, which may induce deleterious effects (metabolic and
hepatobiliary complications) (77-79).

In the enteral-nutrition group (E group), the patients will receive first-line enteral nutrition.
In the event of persistent intolerance precluding achievement of the calorie targets,
supplemental parenteral nutrition may be added starting on day 8 (6, 72).

In the parenteral-nutrition group (P group), the course of action will be guided by the
hemodynamic evaluations conducted daily starting 72 hours after parenteral nutrition
initiation and until day 7. A stable hemodynamic status is defined for this study as
discontinuation of the vasoactive amines and a normal level of arterial lactic acid (<2
mmol/L). As soon as these two criteria are met, the patient will be switched from parenteral to
enteral nutrition, in the absence of absolute contraindications to the enteral route. The calorie
targets and mode of nutritional-support initiation are identical to those in the early enteral-
nutrition group (E group). Starting on DS, in patients without contraindications to enteral

feeding, the enteral route will be substituted for the parenteral route.
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After extubation, regardless of the time since randomization, decisions about the
continued need for, and optimal route of, nutritional support will be at the discretion of the

physician in charge of the patient.

6.2 Treatments that may be used

All the medications whose use is standard practice for ICU patients will be used

according to the specific needs of each patient.

6.3 Treatments that may not be used

Given that this study evaluates standard care, no medication used according to its

marketing authorization is contraindicated.
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7 STATISTICS

The statistical analysis will be carried out at the CIC INSERM 202 under the
responsibility of Bruno Giraudeau. The analyses will be performed using SAS 9.2 and R

software.

7.1 Description of planned statistical methods, with the schedule of
planned interim analyses
The statistical analysis will be conducted according to a predefined plan. The analysis
will follow the intention-to-treat (ITT) approach, as recommended for superiority studies.
Two interim analyses will be performed, given the need for a large number of included
patients. A statistical analysis report will be written to describe all the findings to be
communicated, according to CONSORT Statement recommendations, while taking into
account the specific features of the trial, i.e., the nonpharmacological nature of the

intervention (http://www.consort-statement.org/).

7.1.1 Description of the groups at baseline

The groups established by randomization will be compared using descriptive statistics.

No statistical tests will be performed.

7.1.2 Analysis populations

The ITT approach will be used: each patient will remain in the group assigned by

randomization, regardless of subsequent events.

7.1.3 Analysis of the primary endpoint

Day-28 mortality will be reported as the point estimate with the 95% confidence interval
in each group. Day-28 mortality will be compared between the two groups using the chi-

square test.
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7.1.4 Analysis of secondary endpoints

For the analysis of patients with at least one nosocomial infection,
o we will use a competitive-risk model, with death as the competing risk, since
patients who have died cannot experience nosocomial infections;
o in addition, the proportion of patients having at least one nosocomial infection will
be analyzed in the same way as the primary endpoint, in order to obtain a

sensitivity analysis of observed results.

VAP
o proportion of patients with at least one VAP episode: the method used will be the
same as for nosocomial infections, with not only death as a competing risk, but
also time to extubation +2 days, since after this point any episode of pneumonia
would not be classified as a VAP episode;
o VAP incidence density as the point estimate with the 95% confidence interval;
o number of VAP episodes per patient analyzed using a negative binomial
regression model with no offset variable
Bacteremia, central venous catheter (CVC)-related infections, urinary tract infections, soft
tissue infections: each of these categories of infection will be analyzed using the same
method as for the pooled nosocomial infections
Descriptive bacteriological data (organisms recovered with their resistance profiles for
each nosocomial infection): only descriptive analyses will be performed
Proportion of patients with at least one episode of vomiting or regurgitation: the method
will be the same as for the primary analysis
Proportion of patients with at least one episode of diarrhea: the method will be the same as
for the primary analysis
Proportion of patients with at least one episode of constipation: the method will be the
same as for the primary analysis
Proportion of patients with at least one documented episode of acute pseudoobstruction of
the colon (Ogilvie syndrome): the method will be the same as for the primary analysis
Proportion of patients with at least one documented episode of bowel ischemia: the
method will be the same as for the primary analysis
Proportion of patients with at least one mechanical complication of CVC insertion: the

method will be the same as for the primary analysis
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= Proportion of patients with at least one episode of CVC obstruction or other dysfunction
requiring a change of CVC: the method will be the same as for the primary analysis

* The number of calories delivered each day by the enteral and parenteral routes: changes
over time in delivered calories 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

* Volume of enteral and parenteral feeds delivered each day: the analysis method will be
the same as for the number of calories

= Ratio of prescribed over delivered calories: the proportions of patients who achieved their
daily calorie target will be determined at each follow-up time point (in days) and will be
compared between the two groups using a logistic random effects model

» ICU mortality, 90-day mortality, and hospital mortality: day-90 mortality will be analyzed
in the same way as day-28 mortality; for ICU and hospital mortality rates, competing-risk
models will be used, as ICU discharge and hospital discharge compete with death during
the stay

* Nutritional markers and body weight: changes over time in nutritional markers and body
weight will be analyzed using the method described above for the number of calories
delivered

* Proportion of patients with at least one episode of liver dysfunction: the method will be
the same as for the primary objective

* Times in the ICU, in the hospital, and on mechanical ventilation will be compared

between the two groups using nonparametric Wilcoxon tests

7.1.5 Analysis of the outcome measures for the ancillary studies

— ANCILLARY STUDY 1

o Analysis of the primary outcome measure

Plasma citrulline levels at H72 will be analyzed using the approach described for the

calorie intake.
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o Analysis of the secondary outcome measures

=  SOFA score: SOFA score changes over time will be evaluated graphically by placing
daily boxplots on the same graph. For between-group comparisons of SOFA score
changes over time, a mixed linear model will be built, after transformation of the data if
needed.

» Plasma citrulline and I-FABP levels at DO, D3, and DS8: the changes in these variables
over time will be evaluated graphically by placing daily boxplots on the same graph. For
between-group comparisons, a mixed linear model will be built, after transformation of
the data if needed.

» Proportion of patients whose plasma I-FABP is >100 pg/mL on DO, D3, and DS8: the
analysis method will be the same as for the primary NUTRIREA?2 outcome measure.

» Proportion of patients whose plasma citrulline is <10 uL/L on DO, D3, and DS: the
analysis method will be the same as for the primary NUTRIREA?2 outcome measure.

* Proportion of patients with at least one episode of bacteremia: the analysis method will be
the same as for the primary NUTRIREA2 outcome measure.

* Proportion of patients with at least one episode of gastrointestinal intolerance: the
analysis method will be the same as for the primary NUTRIREA?2 outcome measure.

* Proportion of patients with at least one episode of diarrhea: the analysis method will be

the same as for the primary NUTRIREA2 outcome measure.

— ANCILLARY STUDY 2

o Analysis of the primary outcome measure

The chi-square test will be applied to compare the proportion of patients with abundant
microaspiration in the two groups. The odds ratio with its 95% confidence interval will be
computed.

o Analysis of the secondary outcome measures

Patient characteristics in the two groups will be compared. Qualitative variables will be
compared using either the chi-square test or Fisher’s exact test. Shapiro-Wilk’s test will be
applied to determine whether the quantitative variables are normally distributed. These
quantitative variables will then be compared using Student’s ¢ test if normally distributed and

the Mann-Whitney U test otherwise.
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7.2 Estimated sample size, and estimated numbers of patients recruited
at each study center, with supporting statistical information
This clinical randomized controlled superiority trial will seek to demonstrate that the D28
mortality rate in patients admitted to the ICU and treated with mechanical ventilation and
vasoactive amines is lower in patients given early enteral nutrition than in patients given early
parenteral nutrition. Assuming a 37% D28 mortality rate in the parenteral-nutrition group and
a 5% decrease in mortality with early enteral nutrition (i.e., a D28 mortality rate of 32%), with
the alpha risk set at 4.9% and the beta risk at 20%, 1427 patients are needed in each group
(Newcombe, Statist Med 1998; 17:873-890), i.¢., a theoretical total of 2854 patients.
The mortality rates used for the sample size estimation are those obtained in the
NUTRIREA-1 randomized controlled trial in nine centers (CRICS network), in which similar

inclusion criteria were used.

Ancillary studies

—  Ancillary study 1

The primary outcome measure is the plasma citrulline level at H72. To demonstrate a
significant difference between plasma citrulline levels of 16 pmoL/L (enteral-nutrition group)
and 12 umoL/L (parenteral-nutrition group), with a standard deviation of 8 umoL/L, a two-
tailed test, the alpha risk set at 0.05, and 90% power, 85 patients will be needed in each group
(170 patients in all).

— Ancillary study 2

The primary outcome measure is the proportion of patients with abundant
microaspiration. We expect that the proportion of patients with abundant microaspiration will
be 50% in the enteral-nutrition group and 30% in the parenteral-nutrition group. With the
alpha risk set at 0.05, to obtain 80% power, 94 patients will be needed in each group (188

patients in all), with simple random sampling.

7.3 Degree of statistical significance planned for the study

The statistical tests will be performed using a significance threshold of 1% for the interim

analyses and 4.9% for the final analysis.
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7.4 Statistical rules for study discontinuation

We will perform two interim analyses, after inclusion of the first 1000 and the first 2000

patients, respectively. We will use Peto’s boundary (Peto R, Pike MC, Armitage P, et al. Design and
analysis of randomized clinical trials requiring prolonged observation of each patient. 1. Introduction and

design. Br J Cancer 1976,34:585-612. PMID):
- the significance level associated with the first interim analysis is 0.01;
- the significance level associated with the second interim analysis is 0.01;

- the significance level associated with the final analysis is 0.049.

This method yields an overall Type I error of 5%.

7.5 Handling of missing, unused, or invalid data

In this study, patients from whom consent to the study was not obtained and those who
secondarily withdrew their consent will not be included in the analyses. Apart from these two
situations, the likelihood that patients will be lost to follow-up is small. The study patients
will be admitted to ICUs, and the primary endpoint is objective (D28 mortality). However,
should there be any patients for whom information on the primary endpoint is missing, then

these patients would be considered as having died before D28, in both randomized arms.

7.6 Handling of changes to the initial statistical analysis plan

The statistical analysis plan will be finalized when the database is locked.

7.7 Selection of patients to be included in the analyses

The analyses will be conducted using the intention-to-treat (ITT) approach.

8 RATIONALE FOR REQUESTING CATEGORIZATION OF THE TRIAL
AS A STUDY OF STANDARD CARE

Given the characteristics of the research project, the chief investigator considers that this

project is primarily a study of standard care, based on the following arguments:
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= all the nutritional-support interventions and protocols will be performed according to

standard ICU practice;

» the study consists in evaluating combinations of diagnostic and prophylactic
interventions and medical strategies (nutrition administration and monitoring protocol,
diagnosis of VAP) that are used in everyday practice, i.e., whose indications are

defined by professional consensus;
» the study does not involve any techniques or strategies that are innovative or obsolete;
= the combination of interventions (enteral or parenteral nutrition) is not new;

= the study consists in comparing two medical strategies (enteral and parenteral
nutrition) for which no available data indicate that one is better than the other in terms

of safety or efficacy.
Indeed,

¢ international guidelines recommend a specific management strategy (prefer early

enteral nutrition over parenteral nutrition)

e but this strategy is either not used at all or used improperly in a large number of

patients, for the following reasons:

1. it is in itself a source of potential complications, and concern about this
risk and/or the need to manage the complications should they occur result
in an increased workload and in delayed or absent use of early enteral

nutrition;
2. the available studies (metaanalyses) have produced conflicting results;

3. and the authors of the recommendations acknowledge that their
guidelines rest on converging data and indirect studies and not on sound
evidence, most notably from randomized trials that are adequately

powered and use relevant clinical objectives;

e the widely conflicting results of recent studies on early supplemental parenteral

nutrition constitute indirect evidence that the issue remains unsettled.

» Finally, the specific modalities used in the study are expected to minimize risks (by
increasing the stringency of the enteral and parenteral nutrition delivery protocols) and
place only negligible constraints on study participants (Article R 1121-3 of the French
Public Health Code [CSP], decree n°® 2006-477, 26 April 2006).
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The Poitiers Ouest III ethics committee (Comité de Protection des Personnes de Poitiers
QOuest III) has categorized the NUTRIREA-II trial as a study of standard care and has
approved the conduct of the NUTRIREA-II trial (approval date, 26 January 2012, see letter

enclosed).
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9 RIGHT OF ACCESS TO THE STUDY DATA AND SOURCE
DOCUMENTS

9.1 Access to the study data

The medical data about each patient will be communicated only to the institution with
which the chief investigator is affiliated or to a person appointed by the chief investigator

under conditions that ensure the confidentiality of the patient data.

9.2 Source documents

If needed, the institution to which the chief investigator is affiliated may request direct
access to the medical record to check the study procedures and/or data, without violating

confidentiality rules and within the limits set by laws and regulations.

9.3 Data confidentiality

Individuals having direct access to the study data will take all the necessary precautions
to ensure the confidentiality of the data pertaining to the study participants, most notably
regarding their identity and the results obtained during the study.

These individuals, together with the study investigators, are under an obligation to
maintain confidentiality (under the conditions defined in articles 226-13 and 226-14 of the
French penal code). 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
anonymous.

Under no circumstances will the names or addresses of the study participants be included
in the study data.

Only the first letter of the last name and the first letter of the first name of each patient
will be recorded, and these letters will be combined with a number to form a study-specific

identifier reflecting the order of patient inclusion.
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10 QUALITY ASSURANCE

To optimize the conduct of the study, a Clinical Research Assistant (CRA) will be in
charge of performing the following tasks:

= preparation of the file to be submitted to the ethics committee (Comité de Protection
des Personnes, CPP) and of the files for the CCTIRS and CNIL;

= finalization of the study documents (e.g., case-report form) and communications
among individuals involved in conducting the study;

» study initiation in the study centers;

= verification of the data collected for the study;

* and documentation, registering, and reporting of the study data, in compliance with

Standard Operating Procedures.

11 ETHICAL EVALUATION OF THE SPECIFIC MONITORING
MODALITIES DEFINED IN THE RESEARCH PROTOCOL

11.1 Ethics committee (Comité de Protection des Personnes, CPP)

This research protocol and the patient information and consent documents have been
submitted to the Poitiers CPP, which categorized the trial as a study of standard care and

approved the conduct of the trial (approval date, 26 January 2012, see letter enclosed).

11.2 Substantial modifications

Any substantial modification to the study protocol will be communicated to the ethics
committee (CPP) to ensure that the suggested modifications have no adverse effect

whatsoever on the protection afforded to the study participants.

11.3 Patient information sheet and informed consent form

The patients will receive full and honest information, delivered in understandable terms,
about the study objectives and their right to refuse to participate in the study or to withdraw

from the study at any time. This information will be given in a patient information and
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informed consent document, which will be handed to each patient. An information document

dealing specifically with the ancillary studies will also be given to each patient.
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12 HANDLING OF THE STUDY DATA AND STORAGE OF THE STUDY
DOCUMENTS AND DATA

12.1 Case-report form

An Internet-based data collection tool will be used for this study. This electronic case-
report form will be available at each of the study centers. Access to the electronic case-report
form will require only an Internet connection and a browser. A document explaining how to
use the electronic case-report form will be given to the study investigators.

Tests designed to check data consistency will be performed as an integral part of the
electronic format. The electronic case-report form has an audit function that tracks any
modifications made to the study data. The audit function also clearly identifies the person
who made the modification, as well as the date. The reason for the modification can be

supplied as a comment if deemed appropriate.

12.2 Data entry and analysis

The data will be entered into an electronic case-report form via an Internet browser.
The data will be analyzed by a biostatistician at the CIC INSERM202, under the

responsibility of Bruno Giraudeau.

12.3 French Data Protection Authority (CNIL)

Approval of the data handling procedure required for the study will be sought from the
French Advisory Committee on Data Handling in Healthcare Research (CCTIRS) and,
subsequently, permission will be requested from the French Data Protection Authority (CNIL)

regarding the handling of personal data with the goal of conducting research on standard care.

13 FUNDING AND INSURANCE
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13.1 Study budget

Since this study will investigate standard care, the medical interventions will not require
special funding. The expected total duration of the study is 3 years (30 months for patient
inclusion and 6 months for follow-up and data verification) for 28 centers. The study will
therefore require the following financial resources:

* CRA time for

- study monitoring and coordination (10% of a full-time salary, for 3 years): 14
265 €;
- monitoring visits (study initiation and completion visits, four 2-day visits
/year/center, i.e., two full-time ARC salaries for 3 years): 285 300 €
» (Clinical research technician (CRT) or clinical research nurse (CRN) time in each study
center to assist in preparing and implementing the electronic case-report form and in
study coordination and logistics, and to enter data into the electronic case-report form
(4 to 5 h minimum/patient, i.e., for a mean of 102 patients included in each study
center, 10% of a full-time salary/year for 3 years): 376 320 €

= Data handling:

- Data management time to create the electronic case-report form and to monitor
data quality (20% of a full-time salary the first year and 7% for each of the next 2
years): 15 096 €

- Statistical analysis (1 month full-time, during the last year): 5000 €

= Meetings, coordinator missions (three 1-day-long meetings/3 years — 2

representatives/center for 28 centers; mean cost of 100 € per trip): 16 800 €

= Travel expenses for on-site study initiation, monitoring, and study completion visits

(4.5 visits per an and per center on average, i.e., 378 visits each lasting 2 days, with a
mean cost of 200 €): 75 600 €

= Stationery for the patient information and consent documents to be given to the

patients or next of kin, bedside nutrition monitoring charts: 5100 €

= Study report costs (translation and submission: 2000 €) and costs of study result

presentation at one national meeting (1000 €) and one international meeting (2000 €):

5000 €

Total budget: 798 481 € (not counting operating expenses estimated at 10%)
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13.2 Insurance

The ethics committee has categorized the trial as a study of standard care, thus indicating
that study participation involves no additional risks to the patients, and consequently the
insurance held by the facilities delivering medical care to the study patients will cover the

activities of the study (article L.1142-2 of the French Public Health Code).
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14 STUDY FEASIBILITY

The study will be conducted in the 28 study centers, which include centers belonging to
the Clinical Research in Intensive Care and Sepsis (CRICS) network. The feasibility of the
NUTRIREA-2 trial was assessed based on the results of the NUTRIREA-1 trial, in which
nine CRICS network centers participated during the 8-month study inclusion period. In all,
1736 patients were evaluated for study eligibility and 452 were included. In this population,
239 patients received vasoactive amine therapy. After the exclusion of two centers where
previous organizational difficulties — now resolved — resulted in the inclusion of only very
few patients, the mean number of patients included per month and per center was 4.3. These
data establish the feasibility of NUTRIREA-2 with 28 participating centers and an inclusion

period of 30 months at the most.
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15 PUBLICATION POLICY

Communications and scientific reports relevant to this study will be under the
responsibility of the chief investigator, who will obtain the approval of the other investigators.
The co-authors of the study report and publications will be the investigators and clinicians
involved in the study, in proportion to their contributions to the study, together with the
biostatistician and associated investigators.

The publication policy will comply with international recommendations (N Engl J Med, 1997;
336:309-315).
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16 APPENDICES
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Appendix 1: Protocol for managing upper gastrointestinal intolerance (71)

PATIENTS IN PRONE
POSITION MEDICAL PRESCRIPTION
of ENTERAL NUTRITION

Routine prokinetic therapy
starting at first turn prone, by

medical prescription
Stop 6 h after last turn prone

INITIATE ENTERAL NUTRITION

as early as possible (<24 hours after intubation)
Start at maximal flow rate appropriate for prescribed target

MANDATORY:

Radiograph to check tube position in middle of stomach before initiating
enteral nutrition then routinely at each tube change or repositioning

!

MONITOR GI TOLERANCE
=>VOMITING/REGURGITATION

Significant if not during care or mobilization

NO

Re-start at prescribed
flow-rate

NO

I —

IF INSULIN THERAPY

Check capillary glucose
hourly until resumption of

YES

It measure
Start a PROKINETIC by medical
prescription until well tolerated for 48 h
at prescribed flow rate

Modify

2" measure
the enteral nutrition » Flow rate <25

flow rate

nutrition
t Inform the
Dextro /h for physician
2h
DECREASE flow rate by 25 mL/h
STOP feeding
for 6 hours
mL/h YES NGT on suction
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Appendix 2: Protocol for managing diarrhea, from Doig et al. (15)

YES

Clinically significant diarrhea

NO

YES NO

Potentially drug-related?

A 4

No change in enteral nutrition

YES

Patient on antibiotics?

NO

Stop the drug and continue
enteral feeding

h 4

Test stool for Clostridium difficile toxin and
continue nutrition

Change the feeding solution

YES

Diarrhea resolved? NO

\ 4

Continue current feeding

solution

Decrease flow rate until diarrhea
resolves

Version n°3 datée du 20 Janvier 2012

|

Then increase gradually to desired
flow rate
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