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Enteral versus parenteral early nutrition in ventilated adults
with shock: a randomised, controlled, multicentre,
open-label, parallel-group study (NUTRIREA-2)
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Summary

Background Whether the route of early feeding affects outcomes of patients with severe critical illnesses is
controversial. We hypothesised that outcomes were better with early first-line enteral nutrition than with early first-
line parenteral nutrition.

Methods In this randomised, controlled, multicentre, open-label, parallel-group study (NUTRIREA-2 trial) done at
44 French intensive-care units (ICUs), adults (18 years or older) receiving invasive mechanical ventilation and
vasopressor support for shock were randomly assigned (1:1) to either parenteral nutrition or enteral nutrition, both
targeting normocaloric goals (20-25 kcal/kg per day), within 24 h after intubation. Randomisation was stratified by
centre using permutation blocks of variable sizes. Given that route of nutrition cannot be masked, blinding of the
physicians and nurses was not feasible. Patients receiving parenteral nutrition could be switched to enteral nutrition
after at least 72 h in the event of shock resolution (no vasopressor support for 24 consecutive hours and arterial lactate
<2 mmol/L). The primary endpoint was mortality on day 28 after randomisation in the intention-to-treat-population.
This study is registered with ClinicalTrials.gov, number NCT01802099.

Findings After the second interim analysis, the independent Data Safety and Monitoring Board deemed that completing
patient enrolment was unlikely to significantly change the results of the trial and recommended stopping patient
recruitment. Between March 22, 2013, and June 30, 2015, 2410 patients were enrolled and randomly assigned; 1202 to
the enteral group and 1208 to the parenteral group. By day 28, 443 (37%) of 1202 patients in the enteral group and
422 (35%) of 1208 patients in the parenteral group had died (absolute difference estimate 2-0%; [95% CI -1-9 to 5-8];
p=0-33). Cumulative incidence of patients with ICU-acquired infections did not differ between the enteral group
(173 [14%)]) and the parenteral group (194 [16%]; hazard ratio [HR] 0-89 [95% CI 0-72-1-09]; p=0-25). Compared with
the parenteral group, the enteral group had higher cumulative incidences of patients with vomiting (406 [34%)] vs
246 [20%]; HR 1-89 [1-62-2-20]; p<0-0001), diarrhoea (432 [36%] vs 393 [33%]; 1-20 [1-05-1-37]; p=0-009), bowel
ischaemia (19 [2%] vs five [<1%]; 3-84 [1-43-10-3]; p=0-007), and acute colonic pseudo-obstruction (11 [1%] vs
three [<1%]; 3-7 [1-03-13-2; p=0-04).

Interpretation In critically ill adults with shock, early isocaloric enteral nutrition did not reduce mortality or the risk
of secondary infections but was associated with a greater risk of digestive complications compared with early isocaloric
parenteral nutrition.

Funding La Roche-sur-Yon Departmental Hospital and French Ministry of Health.

Introduction Compared with parenteral nutrition, enteral nutrition

Acute critical illness requiring mechanical ventilation
carries a risk of severe malnutrition, whose adverse effects
include infections, muscle wasting, delayed recovery, and
increased mortality! Nutritional support is therefore
crucial. Guidelines recommend early enteral feeding
supplying 20-25 kcal/kg per day during the acute phase of
critical illness,* but rest on a low level of evidence. Whether
timing, route, or dose of nutritional support affects the
outcomes of critically ill patients remains unclear.*
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was associated with improvements in gastrointestinal
mucosa integrity, immune function, and tissue repair
responses, which translated into decreases in no-
socomial infections, hospital and intensive-care unit
(ICU) stay lengths, and health-care costs.”™ Early
initiation of enteral nutrition (within 2448 h after ICU
admission) might enhance these beneficial effects and
decrease mortality rates,”® but has been reported to
induce gastrointestinal intolerance with vomiting in
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Research in context

Evidence before this study

We searched PubMed without date or language restrictions for
studies assessing enteral and parenteral nutritional support in
critically ill patients. We also screened the reference lists in
published guidelines, meta-analyses, and reviews. At the time
our trial was designed, published studies including meta-analyses
indicated reduced infectious complications and improved
prognosis with enteral feeding compared to parenteral feeding.
Observational studies suggested that factors associated with
greater benefits from enteral nutrition might have worse critical
illness severity and earlier compared with delayed enteral
feeding. Recently, during the course of the NUTRIREA-2 studly,
the multicentre randomised CALORIES trial in an unselected
population of critically ill patients was published. The results
showed no differences in outcome or infectious complications
between early enteral and early parenteral nutrition.

A meta-analysis including the CALORIES trial and previous
published studies found no difference in mortality; although
early enteral nutrition was associated with shorter intensive-care
unit (ICU) stay lengths and fewer infectious complications
compared with early parenteral nutrition, subgroup analyses
suggested that these effects might be limited to trials in which
the energy intake was lower with enteral than with parenteral
nutrition. The most recently published guidelines recommend
early enteral feeding, at the early stage of critical illness. Thus,
whether the route of early feeding influences outcomes of
patients with severe critically illnesses remains controversial.

Added value of this study

The NUTRIREA-2 study is the second, large, randomised,
controlled trial assessing the effect of the route of nutritional
support in critically ill adults without contraindications to
enteral or parenteral nutrition. By contrast with the CALORIES
trial, NUTRIREA-2 focused on patients treated with invasive

30-70% of ICU patients, raising concerns about
ventilator-associated pneumonia and undernutrition.*
Enteral nutrition was also associated with gut ischaemia
in critically ill patients with shock.”* Thus, whether
enteral feeding has protective or deleterious effects on
the gut remains controversial.”** Meta-analyses provided
conflicting results on the effect of feeding route on
patient outcomes but included studies with hetero-
geneous designs, sample sizes, and illness severity.*”
Guidelines recommend postponing enteral nutrition
in patients with shock until full resuscitation with
haemodynamic stability is achieved.”” Nevertheless,
numerous studies suggest that mechanically ventilated
ICU patients with haemodynamic instability might
have Dbetter survival when early nutrition is given
enterally rather than parenterally.2 24232

We aimed to investigate whether early first-line
enteral nutrition had beneficial clinical effects compared
with early first-line parenteral nutrition, both targeting

mechanical ventilation and vasopressor support for shock,
because previous studies suggested that mechanically
ventilated patients in ICU with haemodynamic instability
might have better survival when early nutrition is given
enterally rather than parenterally. In the NUTRIREA-2 trial,
nutrition delivery was adapted according to a predetermined
definition of the acute phase of critical illness. Furthermore,
nutritional intakes were far closer to targets than in the
CALORIES trial. The groups given early normocaloric enteral
versus parenteral nutrition showed no significant differences in
day 28 mortality; frequency of infectious complications; organ
failure severity or duration; life support duration; ICU and
hospital stay lengths; and ICU, hospital, or day 90 mortality.
Compared with the parenteral route, the enteral route was
associated with slightly lower calorie and protein intakes and
with higher frequencies of hypoglycaemia. Proportions of
patients with bowel ischaemia and colonic pseudo-obstruction
were higher in the enteral group than in the parenteral group.

Implications of all the available evidence

The findings of NUTRIREA-2 are to some extent consistent with
those of the CALORIES trial but not with those of meta-analyses
suggesting benefits from the enteral route compared with the
parenteral route. However, whereas the CALORIES trial also
showed no outcome differences between feeding routes,
NUTRIREA-2 raises concern about a rare but major
complication of enteral feeding in patients with severe critical
illness. Our data do not support a preference for early enteral
compared with parenteral nutrition during the acute phase of
critical illness in patients who have no contraindications to
enteral or parenteral nutrition and who are receiving
mechanical ventilation and vasopressor support for shock.
Furthermore, our data suggest potential harmful effects on the
gut of enteral nutrition with a normocaloric target.

normocaloric goals, in patients requiring invasive
mechanical ventilation and vasopressor support for shock.

Methods

Study design and participants

The NUTRIREA-2 trial was a randomised, controlled,
multicentre, open-label, parallel-group study done in
44 French ICUs, including 28 (64%) in university
hospitals.*

Adults (18 years or older) admitted to any of the
participating ICUs were eligible if they were expected to
require more than 48 h of invasive mechanical ventilation,
concomitantly with vasoactive therapy (adrenaline,
dobutamine, or noradrenaline) via a central venous
catheter for shock and to be started on nutritional support
within 24 h after endotracheal intubation (or within 24 h
after ICU admission if intubation occurred before ICU
admission). Exclusion criteria were invasive mechanical
ventilation started more than 24 h earlier; surgery on the
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gastrointestinal tract within the past month; history of
gastrectomy, oesophagectomy, duodeno-pancreatectomy,
bypass surgery, gastric banding, or short bowel syndrome;
gastrostomy or jejunostomy; specific nutritional needs,
such as pre-existing long-term home enteral or parenteral
nutrition; active gastrointestinal bleeding; treatment-
limitation decisions; adult under legal guardianship;
pregnancy; breastfeeding; current inclusion in a
randomised trial designed to compare enteral nutrition to
parenteral nutrition; contraindication to parenteral
nutrition (known hypersensitivity to egg or soybean
proteins or to another component, inborn error in
aminoacid metabolism, or severe familial dyslipidaemia
affecting triglyceride levels).

The study protocol was approved by the ethics committee
of the French Intensive Care Society and appropriate
French authorities (Comité de Protection des Personnes
de Poitiers). According to French law, because the
treatments and strategies used in the study were classified
as standard care, there was no requirement for signed
consent, but the patients or next of kin were informed
about the study before enrolment and confirmed this fact
in writing. In compliance with French law, the electronic
case-record form and database organisation were approved
by the appropriate committees. The study protocol has
been published” (appendix).

Randomisation and masking
All patients treated with invasive mechanical ventilation
and vasopressor support for shock within 24 h after ICU
admission were screened for eligibility by the ICU
physicians and clinical research nurses, around the clock
and 7 days a week. Using a secure, computer-generated,
interactive, web-response system available at each study
centre, consecutive eligible patients were randomly
assigned (1:1) to one of the two treatment groups (early
enteral or parenteral nutrition). Randomisation was
stratified by centre using permutation blocks of variable
sizes. Investigators had no access to the randomisation
list and were not aware of the size of the randomisation
blocks. Given that route of nutrition cannot be masked,
blinding of the physicians and nurses was not feasible.
The electronic case-record form was a secure,
interactive, web-response system available at each study
centre, provided and managed by the biometrical unit of
the Tours University Hospital (CIC INSERM 1415, Tours,
France), which was not involved in patient recruitment.

Procedures

All participating ICU staff members attended training in
the study procedures and protocols for providing
nutritional support and managing intolerance to enteral
nutrition (appendix p 7).*

In the parenteral group, all patients received only
parenteral nutrition via a central venous catheter for at
least 72 h after randomisation. Subsequently, the route
used until day 8 depended on the results of daily
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haemodynamic assessments. When the patient met
predefined criteria for haemodynamic stability (no vaso-
pressor support for 24 consecutive hours and arterial blood
lactate concentration less than 2 mmol/L), parenteral
nutrition was stopped and immediately replaced by enteral
nutrition at the flow rate needed to achieve the predefined
calorie target. Otherwise, parenteral nutrition was
continued for a total of 7 days. On day 8, in the absence of
contraindications, the patient was switched to enteral
nutrition regardless of haemodynamic status.

In the enteral group, patients received first-line enteral
nutrition. In the event of persistent gastrointestinal
intolerance precluding achievement of the predefined
calorie targets, supplemental parenteral nutrition could
be added on day 8 at the earliest** Gastric residual
volumes were not monitored and minor regurgitation
was not considered a reason to stop feeding. Isosmotic,
isocaloric, normal-protein, polymeric preparations were
used during the first week, after which the choice of the
preparation was at the discretion of the bedside physician.

In both groups, nutritional support was started as soon
as possible after randomisation and no later than 24 h
after intubation (or after ICU admission in patients
intubated before ICU admission). Nutritional support
was prescribed as flow rate (in mL per h) and started at
the flow rate required to achieve the calorie target on
day 1. The recommended daily calorie target in kcal/kg of
actual bodyweight was 20-25 during the first 7 days then
25-30 from day 8 to extubation. From day 8, supplemental
parenteral nutrition could be added in patients with
persistent intolerance to enteral nutrition precluding
achievement of the predefined calorie target. Patients
who were reintubated within 7 days after trial inclusion
were managed until day 8 according to the group they
were randomised to during the first intubation period.
Patients reintubated after day 7 received enteral nutrition
if they had no contraindications. Additional water,
electrolytes, intravenous vitamins, and trace elements
were given as needed, as assessed by the bedside
physician, using standard preparations and protocols
available in each study ICU.

Outcomes
The primary outcome was day 28 all-cause mortality.
Secondary outcomes were the Sequential Organ Failure
Assessment (SOFA) score;* bodyweight; amounts of
calories and proteins delivered; vomiting; prokinetic
drugs; stool; blood glucose; insulin treatment; blood
concentrations of lactate, bilirubin, alanine amino-
transferase, and aspartate aminotransferase; antiulcer
prophylaxis; anti-infectious treatments; prone position;
dialysis during the intervention period; day 90 mortality;
ICU mortality; hospital mortality; ICU stay length; acute-
care hospital stay length; days without life-support; ICU-
acquired infections; and non-infectious complications.
Baseline characteristics were recorded at inclusion.
The Simplified Acute Physiology Score (SAPS II) was
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10855 patients treated with mechanical

ventilation and vasoactive drugs
for shock within 24 h after ICU
admission were assessed for
eligibility

8445 were not eligible
5995 had exclusion criteria
747 had mechanical ventilation started more than
24 h earlier
2828 had treatment-limitation decisions
1472 had abdominal surgery within the past month
395 had active gastrointestinal bleeding
199 had previous digestive surgery*
197 had pre-existing artificial nutrition
113 had pre-existing gastrostomy or jejunostomy
26 had previous intolerance to parenteral
nutrition
18 women were pregnant
2450 were eligible but not randomised
1412 patients or relatives could not receive
information about the study or refused to
participate
539 were inadvertently omitted from the study
inclusion process
243 did not have research staff available in time
122 were excluded by the clinician
93 were enrolled in another trial
22 had study organisation problems
19 had failed attempts to introduce the
nasogastric tube

A

| 2410 randomly assigned |

v

1202 were allocated to the
enteral group

v

1208 were allocated to the
parenteral group

26 were not eligible
1 had no vasoactive drug at
randomisation
25 had mechanical ventilation
started morethan 24 h
earlier

33 were not eligible
5 had no vasoactive drug at
randomisation
28 had mechanical ventilation
started morethan 24 h
earlier

4 lost to follow-up before day 28

5 lost to follow-up before day 28

1202 were included in the
primary outcome
analysis

1208 were included in the
primary outcome
analysis

Figure 1: Trial profile

ICU=intensive-care unit. *Gastrectomy, oesophagectomy, duodeno-pancreatectomy, bypass surgery, gastric
banding, or short bowel syndrome.
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computed 24 h after ICU admission.” After the initiation
of nutritional support via the route allocated at random,
nutritional data, treatments, nosocomial infections,
abdominal complications, laboratory data, and invasive
devices were recorded daily until hospital discharge or
day 90, whichever occurred first. Vital status was recorded
at ICU discharge, at hospital discharge, on day 28, and on
day 90. Gastrointestinal complications and infection

complications were diagnosed according to predefined
criteria.” Bowel ischaemia was defined as any of the
following: absent blood flow in one of the main arteries
supplying the bowel (superior mesenteric artery, inferior
mesenteric artery, or cOeliac artery) with evidence of
bowel wall compromise on an imaging study (CT angiog-
raphy, angiography, or magnetic resonance angiography),
presence of endoscopy criteria for colonic ischaemia
according to the Favier classification system (stage I,
petechiae; stage II, petechiae and superficial ulcers; and
stage III, necrotic ulcers and polypoid lesions); and
evidence of bowel ischaemia during surgery. Ventilator-
associated pneumonia diagnoses were adjudicated by an
independent blinded committee, based on all available
clinical, radiological, and bacteriological data. All the study
data were stored in a logged database that was closed on
Jan 12, 2016, after the site investigators had responded to
all the queries made by the database managers.

Statistical analysis

Two interim analyses were scheduled, after enrolment of
1000 and 2000 patients, respectively. The independent
Data Safety and Monitoring Board was composed of two
physicians and one biostatistician not otherwise involved
in the trial, who had access, for both interim analyses, to
unblinded results on day 28 mortality, variations in
SOFA score from day 1 to day 7, blood bilirubin values,
and proportions of patients with ICU-acquired infections.
According to French laws on studies of standard care, the
protocol prespecified that enrolment would continue
during the interim analyses. The interim analysis results
were not disclosed to the investigators, who were told
only whether the study would be stopped or continued.

To estimate the sample size, we used mortality rates
found in our NUTRIREA-1 randomised trial.” Assuming
a 37% day 28 mortality rate in the parenteral group and
a 5% decrease in mortality in the enteral group, with a
4-9% two-sided type I error rate and 80% power,
2854 patients were required. According to Peto’s method,
a 4-9% two-sided type I error rate was used because of
the two planned interim analyses.* The p value cutoff
selected to guide recommendations for early study
termination after interim analyses was less than 0-001.
No specific futility analysis was planned.

All statistical analyses followed a prespecified statistical
analysis plan, with the intention-to-treat approach.
p values of 0-049 or less were taken as indicating a
significant difference in the primary outcome because of
the two planned interim analyses and values of 0-05 or
less as indicating statistical significance for the secondary
outcomes. Categorical variables were summarised as
frequencies and percentages and continuous variables as
medians (IQRs) or means (SD). No statistical test was
done to compare baseline characteristics between
groups. The day 28 mortality rate (primary outcome) was
reported as the point estimate in each group with the
95% CI and compared using the 2 test. For missing
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data, single imputation was done by assuming that
patients with missing data had died. A sensitivity analysis
was performed on patients without missing data. A post-
hoc sensitivity analysis to look for a centre effect was also
performed using mixed effects logistic regression with
centre as a random effect. Secondary outcomes expressed
as proportions were compared between the two groups
using the x2 test. Outcomes reported as cumulative
incidences were analysed using the competing risk
approach, with death, ICU discharge, or hospital
discharge as the competing risks. Changes over time
were compared between the two groups using a mixed
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Enteral group Parenteral group Enteral group Parenteral group
(n=1202) (n=1208) (n=1202) (n=1208)
Age (years) 66 (14) 66 (14) (Continued from previous column)
Sex Ongoing treatments
Men 809 (67%) 815 (67%) Prone position 44 (4%) 59 (5%)
Women 393 (33%) 393 (33%) Sedative drugs 1038 (86%) 1036 (86%)
McCabe score NMB drugs 351 (29%) 357 (30%)
(0) No fatal underlying 741 (62%) 750 (62%) Insulin 469 (39%) 482 (40%)
disease Antiulcer medication 485 (40%) 531 (44%)
(1) Death expected 402 (33%) 394 (33%) Prokinetic drugs* 27 (2%) 15 (1%)
within 5 years Anti-infectious 1012 (84%) 1000 (83%)
(2) Death expected 57 (5%) 62 (5%) treatment
within 1year Dialysis 189 (16%) 183 (15%)
Pre-existing illness at ICU 869 (72%) 880 (73%)
o Vasopressor support
admission
Chronic renal failure 161 (13%) 161 (13%) Nanpingglinine clion 978 (81%) 973 (81%)
Liver disease 94 (8%) 112 (9%) Spimeplinine cllon 43 (4%) 48 (4%)
Cardiovascular disease 276 (23%) 274 (23%) Dbz oz 26 (@) 37 3%)
Chronic respiratory 84 (15%) 169 (14%) HillEstin g L) 138 (11%)
failure Norepinephrine dose 0-56 (0:30-1-20) 0-50 (0-25-1-03)
Neurological disease 160 (13%) 159 (13%) (ug/kg per min)
Cancer orimmune 346 (29%) 352 (29%) 03 5 (23) 5 (3)
deficiency PEEP (cmH,0) 7(3) 703)
Oesophageal, gastric, 77 (6%) 75 (6%) Glucose (mmol/L) 102 (55) 11.0(82)
or duodenal ulcer Serum creatinine (umol/L) 1894 (168-2) 190-4 (156-9)
Diabetes 298 (25%) 338 (28%) Lactate (mEq/L) 3-8(35) 39(35)
Weight (kg) 794 (20-5) 792(20:3) Creactive protein (mg/dL) 1703 (138-3) 159-2 (130-6)
BMI (kg/m”) 28:0(7:2) 277 (6:8) Serum albumin (g/L) 255 (7:0) 25-8 (6:8)
SAPSII 59 (19) 61(20) Time from intubation to 15 (7-20) 15 (7-21)
SOFA at baseline 11(3) 11(3) randomisation (h)
N(liedica! diagnosisat o) () 1127 (93%) Data are n (%), mean (SD), or median (IQR). SAPS Il scores can range from 0 (lowest
admission level of critical illness) to 163 (most severe level of critical illness with 100% predicted
Acute illness at ICU admission mortality). A score of 50 predicts a 46-1% risk of death. SOFA scores can range from
Cardiac arrest 121 (10%) 137 (11%) 0 (no organ failure) to 24 (most severe level of multiorgan failure). Subscores of the
. . . SOFA score at ICU admission are detailed in the appendix (p 13). Demographic
Acute heart failure 59 (22%) 228 (19%) characteristics were recorded at study inclusion. SAPS Il was calculated 24 h after ICU
Acute CNS failure 94 (8%) 91 (8%) admission. Anti-infectious treatments included antibiotics, antiviral agents, and
Acute respiratory failure 589 (49%) 613 (51%) antifungal agents. Anti-ulcer treatments included proton-pump inhibitors and
Trauma 27 (2%) 25 (2%) histamine 2‘ receptor antégonlsts. Prokinetic drugs were metoclopramide and}
erythromycin. Sl conversion factors: to convert glucose values to mg/dL, multiply by
Miscellaneous 110 (9%) 112 (9%) 18-02; to convert creatinine values to mg/dL, multiply by 0-113. ICU=intensive-care
Cause of shock unit. BMI=body-mass index. SAPS lI=Simplified Acute Physiologic Score ** SOFA
. o o score=Sequential Organ Failure Assessment score.>* NMB=neuromuscular blockade.
Cardiac 229 (19%) 227 (19%) FiO,=inspired fraction of oxygen. PEEP=positive end-expiratory pressure.
Sepsis 728 (61%) 776 (64%)
Other 243 (20%) 203 (17%) Table 1: Baseline characteristics of the participants
(Table 1 continues in next column)

linear model, after data transformation if necessary.
Continuous data were analysed using Student’s t test or
Wilcoxon’s non-parametric test, as appropriate.

Data were analysed with SAS version 9.4 (SAS Institute,
Cary, NC, USA) and R version 3.3.1 were used for the
statistical analyses.

This study is registered with ClinicalTrials.gov, number
NCT01802099.

Role of the funding source

The funders of the study had no role in the study design;
data collection, analysis, or interpretation; writing of the
report; or decision to submit for publication. The
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Enteral group Parenteral group Hazard ratio p value

(n=1202) (n=1208) (95% Cl)
Days with parenteral nutrition 0-0 (0-0-0-0) 4-0 (3-0-6-0) <0-0001
Days with enteral nutrition 6-0 (3-0-8-0) 1.0 (0-0-3-0) <0-0001
Total calories received (kcal/kg)* 113-5 (61-2) 1257 (61-9) <0-0001
Daily calorie intake (kcal/kg per 24 h) 17-8 (5°5) 196 (5-3) <0-0001
Total protein intake (g/kg) 41(2-3) 51(2:5) <0-0001
Daily protein intake (g/kg/d) 0-7(0-2) 0-8(0-2) <0-0001
Patients with vomiting* 333 (28%) 158 (13%) 2-37(1-97-2-84) <0-0001
Patients receiving prokinetic drugs* 352 (29%) 130 (11%) 313 (2:57-3-79) <0-0001
Absence of stoolt 154 (13%) 273 (23%) <0-0001
Blood glucose concentration (mmol/L)

Daily highest 117 (9-4-14-4) 117 (9-5-15-1) - 0-20

Daily lowest 62 (51-7-5) 6-4 (5-2-7-6) . 0-01
Patients receiving insulin® 954 (79%) 995 (82%) 0-93 (0-87-0-98) 0-009
Patients with hypoglycaemia*+ 29 (2%) 13 (1%) 226 (1-18-4-33) 0-01
Maximum blood lactate level during intervention period (mEq/L)

Daily highest 3.0 (2:0-57) 3-0 (1.9-5-4) . 028

Patients with normalisation of the blood lactate concentration*§ 743 (62%) 797 (66%) 0-91 (0-83-0-99) 0-03
Blood bilirubin concentration (umol/L)

Daily highest 160 (9:0-31-0) 17-0 (9-0-36-0) - 0-26
Blood alanine aminotransferase concentration (IU/L)

Daily highest 66 (33-171) 71 (34-185) w 039
Blood aspartate aminotransferase concentration (IU/L)

Daily highest 37(23-69) 38.0 (23-69) . 094
Patients receiving antiulcer prophylaxis* 809 (67%) 883 (73%) 0-90[0-84-0-97) 0-005
Anti-infectious treatment*q 1147 (95%) 1132 (94%) 1-03 (0-99-1-07) 0-07
Prone position* 161 (13%) 144 (12%) 112 (0-89-0-90) 0-30
Dialysis* 407 (34%) 419 (35%) 0-97 (0-86-110) 0-67

Data are median (IQR), mean (SD), or n (%), unless otherwise indicated. SI conversion factors: to convert glucose values to mg/dL, multiply by 18-02; to convert bilirubin value
to mg/L, multiply by 0-58. Continuous data described as mean (SD) were compared using Student’s t tests. Categorical data were reported as median (IQR) and compared by
applying Wilcoxon’s non-parametric test. Outcomes reported as cumulative incidences were analysed using a competing risk approach, with death and intensive-care unit
(ICU) discharge as competing risks. Secondary outcomes expressed as percentages of patients with each outcome were compared between the two groups using the X*.

The intervention period started with the initiation of nutritional support and ended after day 7 or at ICU discharge or death. *Calories in propofol and dextrose solutions
were included in the total calorie count. Absence of stool was defined as no passage of stools from randomisation to day 6 included. ¥Hypoglycaemia was defined as blood
glucose concentration lower than 2-3 mmol/L. SBlood lactate concentration was considered normal when lower than 2 mmol/L. fAnti-infectious treatments included
antiviral agents, anti-fungal agents, and antibiotics.

Table 2: Clinical management and outcome during the intervention period (day 0 through day 7)

corresponding author (JR), BG, and ALG had full access to
all the study data. The corresponding author (JR) had final
responsibility for the decision to submit for publication.

Results

After the second interim analysis, the independent Data
Safety and Monitoring Board deemed that completing
patient enrolment was unlikely to significantly change
the results of the trial and recommended stopping
patient recruitment. The interim analyses are available in
the appendix. Between March 22, 2013, and June 30, 2015,
2410 patients were randomised; 1202 to the enteral group
and 1208 to the parenteral group (figure 1; appendix p 13).
No patients were withdrawn, and all randomised patients
were included in the intention-to-treat analysis. Baseline
characteristics were similar between groups (table 1;
appendix p 14).

By day 28, 443 (37%) of 1202 patients in the enteral
group and 422 (35%) of 1208 patients in the parenteral
group had died (absolute difference estimate 2-0%
[95% CI-1-9 to 5-8]; p=0-33). The results were similar
after exclusion of the nine patients with missing data
(absolute difference estimate 2-1% [95% CI-1-8t0 5-8;
p=0-31) and after the sensitivity analysis to look for a
centre effect (odds ratio 1-1 [95% CI 0-9 to 1-3];
p=0-33).

Secondary outcomes on nutritional support are
detailed in tables 2 and 3, figure 2, and appendix p 15
and pp 8-9. Median time from intubation to initiation of
nutritional support was 16-2 h (IQR 8-9-21.7) in the
enteral group and 16-1 h (9-9-22-0) in the parenteral
group. Little overlap occurred in feeding routes across
groups: 46 (4%) patients in the parenteral group received
enteral nutrition during the 72 h period after
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Enteral group Parenteral group Absolute difference  Hazard ratio p value
(n=1202) (n=1208) estimate (95%Cl)  (95% Cl)
Primary outcome
Day 28 mortality 443/1202 (37%) 422/1208 (35%) 2:0 (-1-9t0 5-8) 033
Secondary outcomes
Day 90 mortality 530/1185 (45%) 507/1192 (43%) 2:2(-1-8t06-2) 0-28
ICU mortality* 429 (33%) 405 (31%) 110 (0-96 t0 1-26) 017
Hospital mortality* 498 (36%) 479 (34%) 1.08 (0-95t0 1-22) 0-25
ICU length of stay (days) 9-0 (5-0t0 16-0) 10-0 (5-0to 17-0) 0-08
Acute-care hospital length of stay (days) 17-0 (8-0t0 32:0) 18-0(9-0to0 33-0) 0-11
Days without vasopressor support* 20-0 (0-0to 25-0) 21.0 (0-0t0 26-0) 0-10
Days without dialysis* 27-0 (0-0t0 28-0) 270 (0-0t0 28.0) 0-52
Days without mechanical ventilation* 11.0 (0-0t0 23-0) 12.0 (0-0t0 23-0) 0-54
Infections
ICU-acquired infection* 173 (14%) 194 (16%) 0-89 (072 t0 1-09) 0-25
Ventilator-associated pneumonia* 113 (9%) 8 (10%) 0-96 (0-74t0 1.24) 0-75
Bacteraemia* 38 (3%) 55 (5%) 0-69 (0-46 to 1.04) 0-08
CVC-related infection* 29 (2%) 27 (2%) 1.07 (0-64to 1-81) 079
Urinary tract infection* 18 2%) 16 (1%) 113 (0-58 to 2:21) 073
Soft-tissue infection
Patients (n) 1/1202 6/1208 .
Other infection* 11 (1%) 21 (2%) 0-52 (0-25to 1-09) 0-08
Gastrointestinal complications
Vomiting* 406 (34%) 246 (24%) 1-89 (1-62 t0 2-20) <0-0001
Diarrhoea* 432 (36%) 393 (33%) 120 (1-05 t0 1:37) 0-009
Bowel ischaemia* 19 (2%) 5 (<1%) 3.84 (1-43t010-3) 0-007
Acute colonic pseudo-obstruction* 11 (1%) 3 (<1%) 3.7(1:03t013-2) 0-04
Dataare n/N (%), cumulative incidence (%), and median (IQR). Continuous data described as mean (SD) were compared using Student's t tests and categorical data described as
median (IQR) were using Wilcoxon'’s nonparametric test. Outcomes reported as cumulative incidences were analysed using a competing risk approach, with death and ICU
discharge as competing risks; the only exceptions were ICU mortality and hospital mortality, for which competing risks were only ICU discharge and hospital discharge,
respectively. ICU-acquired infections included ventilator-associated pneumonia, bacteraemia, urinary tract infections, catheter-related infections, and other infections. Outcomes
expressed as percentages of patients with each outcome were compared between the two groups using x tests. ICU=intensive-care unit. CVC=central venous catheter. *Number
of days alive and free of specified organ support up to day 28.
Table 3: Outcomes

randomisation and 70 (6%) patients in the enteral group
received parenteral nutrition from day 0 to day 7 During
the intervention period, the proportions of patients with
vomiting and gastric prokinetic drug therapy were
higher in the enteral group than in parenteral group,
although the daily calorie intake was near the 20 kcal/kg
per day target in both groups. Compared with the enteral
group, the parenteral group had higher calorie and
protein intakes, a lower frequency of hypoglycaemia,
and a higher frequency of blood lactate normalisation
(figure 2; table 2, table 3). No significant differences
were noted for blood bilirubin, alanine aminotransferase,
or aspartate aminotransferase concentrations; serial
SOFA scores; C reactive protein; or bodyweight between
the two groups (figure 2; table 2, table 3).

Other secondary outcomes are detailed in table 3 and
the appendix p 17 and pp 10-12. Differences between
groups were not noted for 90 day, ICU, or hospital
mortality; days without mechanical ventilation, vaso-
pressor support, or renal replacement therapy; lengths of
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ICU and acute care hospital stays; frequency of infections;
and frequencies of subtypes of ICU-acquired infections.
Adverse gastrointestinal events were significantly less
common in the parenteral group than in the enteral group
(table 3). Median time from initiation of nutritional
support to bowel ischaemia diagnosis was 4-0 days
(IQR 1-0-12-0) in the enteral group and 3-0 days
(1-0-9-0) in the parenteral group; 10 (53%) patients with
bowel ischaemia in the enteral group and three (60%) in
the parenteral group required surgery (absolute difference
estimate —7-4% [95% CI -55-8 to 41-1]). Among the
patients with bowel ischaemia, 14 (74%) in the enteral
group and four (80%) in the parenteral group died.

Discussion

Day 28 mortality did not differ significantly between
groups given early normocaloric enteral versus parenteral
nutrition during mechanical ventilation and vasoactive
drug therapy for shock. Compared with the parenteral
route, the enteral route was associated with slightly lower
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calorie and protein intakes and with higher frequencies
of hypoglycaemia and adverse gastrointestinal events.
The groups showed no significant differences for
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frequency of infectious complications; organ failure
severity or duration; lifeU support duration; ICU or
hospital stay lengths; or ICU, hospital, or day 90 mortality.

Our data for mortality agree with those of the recent
CALORIES trial.® CALORIES and NUTRIREA-2 are the
only large randomised trials specifically designed to
assess the feeding route in critically ill patients. Our
trial has substantial differences compared with the
CALORIES trial and other studies. NUTRIREA-2 is the
first trial focusing on severely ill ICU patients treated
with mechanical ventilation and vasopressor support for
shock. Patients with severe critical illness might benefit
the most from the protective effects of early enteral
feeding.”"* Accordingly, the main hypothesis of our trial
was that, compared with early parenteral nutrition, early
enteral nutrition might decrease mortality, with
normocaloric goal targets for both routes. In our study,
patients in the enteral group received slightly fewer
calories than those in the parenteral group. This finding
is in accordance with previous studies, but not with the
CALORIES trial, in which calorie intakes were similar
with enteral and parenteral nutrition. It is unlikely that
the slightly lower calorie and protein intakes with enteral
compared with parenteral nutrition in our study masked
beneficial effects of enteral nutrition on mortality.
Indeed, both groups received amounts near the
predefined 20 kcal/kg per day target, and between-group
differences in calorie and protein intakes were very
small. A recent large randomised trial showed no
deleterious effect of permissive hypocaloric enteral
feeding compared with standard enteral feeding in ICU

Figure 2: Daily calorie intake (A-F), protein intake (G), SOFA score (H), blood
glucose level (1) and daily insulin intake (J) during the intervention period in
the enteral and parenteral groups

The top panels show calories administered daily during the intervention period
(from day 0 to day 7), expressed in kcal/kg per day via the enteral route only (A)
and the parenteral route only (B). Panels C and D show calories administered via
nutritional solutions during the intervention period (from day 0 to day 7),
expressed as kcal/kg per day (C: mean difference -3-1[95% Cl -3-6 to -2-7];
p<0-0001) and as the percentages of the calorie targets (D: mean difference
-6-4 [-7-9 t0 -4-9]; p<0-0001). Panel E shows calories administered daily during
the intervention period (from day 0 to day 7), expressed in kcal/kg per day via
non-nutritional solutions (glucose and propofol). Panel F shows the total
amount of calories administered daily. Panel G shows the differences between
the enteral group and the parenteral group in daily protein intake expressed

in g/kg per day during the intervention period; mean difference -2-4

[95% Cl-2-6 to -2-2]; p<0-0001). Bodyweight measured on admission was used
throughout the intensive-care unit (ICU) stay to calculate calorie and protein
intakes. Panel H shows differences between the enteral and parenteral groups
for the Sequential Organ Failure Assessment (SOFA) score during the
intervention period (mean difference -0-01 [95% Cl -0-2 to 0-2]; p=0-88). SOFA
scores can range from 0 (no organ failure) to 24 (most severe level of
multi-organ failure). Panels | and J show differences between the enteral group
and the parenteral group in daily blood glucose levels (mmol/L; mean difference
-0-:02 [95% C1-0-05 to 0-01]; p=0-11) and in daily insulin intake (IU/d; mean
difference -0-2 [-0-3 to -0-1]; p<0-0001), respectively. Box height indicates IQR
with the lower and upper edges of the box representing the 25th and

75th percentiles, respectively. The horizontal line across and near the middle of
the box is the median. The lower whisker represents the 25th percentile minus
1.5 times the IQR and the upper whisker the 75th percentile plus 1.5 times

the IQR. If no horizontal line is present within the box, the median value is

the same as the 75th percentile.
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patients.” Our feeding protocol was designed to match
the course of critical illness, which is usually divided into
an acute (catabolic) phase and a recovery (anabolic)
phase.* The acute phase is associated with variable
inflammatory, metabolic, and immune responses to the
critical illness, which in turn might promote organ
failure, secondary infections, muscle wasting, higher
mortality, and residual impairments.! Whether early
nutrition might contribute to lessen the acute-phase
abnormalities, thereby improving patient outcomes, is
controversial and not supported by the most recent trials
in the field."” Research on nutrition in ICU patients has
focused almost exclusively on the acute phase, for which
there is no clear definition. In most studies, including
the CALORIES trial, the study treatments lasted 5-7 days.
Strategies that match nutritional support to the course of
the critical illness are recommended to ensure that
patient needs are accurately met."* Thus, patients in our
parenteral group were switched to enteral feeding when
they achieved predefined criteria for entry into the
recovery phase. To the best of our knowledge, the
NUTRIREA-2 trial is the first multicentre trial in which
the nutrition protocol involved adaptation to the course
of the acute phase of critical illness.

In addition to the mortality data, two other findings
from our study deserve special attention. First, the higher
risk of bowel ischaemia and colonic pseudo-obstruction in
the enteral compared with in the parenteral group
contrasts with previous non-randomised studies in which
early enteral nutrition was feasible and beneficial in
patients with shock.*** A non-significant trend toward
an increased risk of gastrointestinal complications with
enteral feeding was also observed in the CALORIES trial
However, the NUTRIREA-2 randomised trial provides the
first strong evidence that enteral feeding might promote
gutischaemia in patients with severe critical illness. These
findings provide scientific support for recommendations
to postpone full enteral nutrition until haemodynamic
stability is restored and to prefer parenteral nutrition or no
nutrition in patients at the worst end of the severity
spectrum.** Clearly, the amount of calories might also
have an effect on patient outcomes. In both CALORIES
and NUTRIREA-2, the calorie targets were similar and the
patients received nearly 20 kcal/kg per day during the
acute phase, either via the enteral or via the parenteral
route. These calorie doses are close to guidelines.
Targeting hypocaloric feeding during the acute phase of
critical illness might be beneficial and hypocaloric enteral
feeding might be associated with a lower risk of
gastrointestinal complications, in particular bowel
ischaemia. However, our aim was to focus only on the
debate regarding the route of feeding and not to address
the issue of nutrition doses. Whether hypocaloric feeding
might be beneficial at the acute phase of critical illness
and whether the effect of the feeding route might differ
with hypocaloric feeding deserve further investigation.
Similarly, our trial does not provide answers to the issues
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of timing of supplemental parenteral feeding in patients
intolerant to enteral feeding or of timing of enteral feeding
initiation in patients who tolerate this route. Second, the
frequency of ICU-acquired infections did not differ
significantly between the two groups. That the larger
proportion of patients with bacteraemia in the parenteral
group versus the enteral group did not reach statistical
significance might be ascribable to inadequate statistical
power. However, this finding is consistent with CALORIES
trial results.” Meta-analyses consistently showed higher
frequencies of infections with parenteral compared with
enteral nutrition but chiefly included studies done more
than 20 years ago.**” Our results thus suggest that
progress might have occurred in the management of
parenteral nutrition and prevention of nosocomial
infections in the ICU, or that infections related to
parenteral nutrition in older randomised trials were
related to the dose rather than the route. Together with
those from previous randomised trials, our data indicate a
need for caution when interpreting treatment effect sizes
suggested by observational studies, particularly in the field
of nutrition in the ICU, where the clinical course could
affect nutritional intake to a larger extent than nutrition
affects clinical outcomes.

Alimitation of our trial is the premature discontinuation
of patient recruitment after the second interim analysis.
However, 2410 (84%) of the 2854 patients required
according to the sample size estimation were included,
and the results were similar to those of the interim
analyses with 1000 and 2000 patients, respectively. Thus,
it is unlikely that including the remaining 444 patients
would have changed the study results. A second
limitation of the trial is that neither the patients nor the
ICU staff were masked to treatment allocation. However,
the nature of the treatments precluded blinding.
Moreover, the primary endpoint—ie, day 28 mortality—
is objective and cannot be significantly affected by the
absence of masking. We used pre-established definitions
or adjudication for the secondary endpoints when
required. The multicentre patient recruitment supports
the external validity of our trial. The observed mortality
rates were similar to those used in the sample size
estimation and to those reported in studies that included
patients with severe critical illness. Last, the nutrition
protocols were scrupulously followed in all participating
ICUs. A third limitation is that we cannot exclude bias in
the detection of gastrointestinal complications. Indeed,
gut function might have been assessed more actively in
patients receiving enteral nutrition than in those
receiving parenteral feeding. However, predetermined
definitions of gastrointestinal complications were
provided to investigators, thus limiting the risk of bias. A
last limitation of the trial might be the absence of
functional or long-term outcome assessments. However,
no previously published data suggest that feeding
route might affect long-term outcomes of critically
ill patients. Moreover, the absence of differences in
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infectious complications, organ failure, duration of
mechanical ventilation, hospital and ICU stay lengths,
and day 90 mortality between our two groups argues
strongly against a long-term effect of feeding route at the
acute phase of critical illness. A major strength of the
study is the good external validity provided by the
multicentre and pragmatic study design. Internal validity
is supported by the randomised design, predefined
sample size estimated from reliable data, and counter-
balancing of the non-blinded design by the primary
outcome of all-cause mortality, whose evaluation is not
susceptible to bias.

In conclusion, our trial shows that the enteral route is
not clinically superior over the parenteral route for early
nutritional support with a normocaloric target in critically
ill patients treated with mechanical ventilation and
vasopressor support for shock. Our data indicate an
increased risk of gastrointestinal complications with
early isocaloric enteral nutrition compared to parenteral
nutrition in these patients.
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