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Nutrition Support in Critical Illness — Bridging the Evidence Gap
Thomas R. Ziegler, M.D.

The modern field of specialized nutrition sup-
port began with seminal studies showing that 
parenteral nutrition could stimulate growth and 
development in infants, as well as wound healing 
and convalescence in adults with the severe short 
bowel syndrome, who until that time had been 
unable to survive with enteral nutrition alone.1,2 
Later, technical developments and recognition 
that malnutrition among hospitalized patients 
was common3 led to growth in nutrition support 
services. By the 1980s, the use of specialized 
regimens of enteral and parenteral nutrition were 
routine in intensive care units (ICUs) worldwide, 
despite little evidence from rigorous, controlled 
clinical trials supporting the efficacy of these 
interventions.4,5

With time, there has been improved aware-
ness about complications related to the use of 
enteral and parenteral nutrition, along with im-
proved control of blood glucose levels and deliv-
ery of reduced caloric loads.4-8 The use of paren-
teral nutrition in ICUs has diminished markedly, 
given evidence that enteral nutrition may be gen-
erally superior for clinical outcomes.6-8 However, 
substantial areas of uncertainty remain (Table 1). 
Guidance has been based largely on expert opin-
ion and on data from observational and small 
clinical trials, rather than on rigorous compara-
tive effectiveness research.6,7,9,10 The 2009 Euro-
pean and American–Canadian clinical practice 
guidelines for ICU nutrition support differ in 
their recommendations for the initiation of par-
enteral nutrition in patients who are not expect-
ed to achieve adequate nutrient intake with en-
teral nutrition (oral diet or tube feedings).9,10 
European guidelines suggest that parenteral nu-
trition be initiated within the first few days af-

ter ICU admission,9 whereas American–Canadian 
guidelines suggest withholding parenteral nutri-
tion for 7 days in patients without preexisting 
malnutrition.10

In this issue of the Journal, Casaer et al.11 de-
scribe a large (4640 patients), multicenter, ran-
domized trial designed to address this area of 
uncertainty. Patients receiving early initiation of 
parenteral nutrition were given intravenous dex-
trose (20% solution) on ICU days 1 and 2; on day 
2, enteral nutrition was begun (predominantly as 
tube feedings) with the addition of parenteral 
nutrition as needed to achieve the daily caloric 
intake goal (according to European guidelines). 
The late-initiation group began intravenous dex-
trose (5% solution) on day 1, enteral nutrition 
on day 2, and parenteral nutrition after day 7 as 
needed to achieve the caloric goal (American–
Canadian guidelines).6,7,10 Nutrition support after 
discharge from the ICU was at the discretion of 
the attending physicians.

The two groups were well matched at entry 
according to illness severity, diagnosis, demo-
graphic characteristics, and nutrition risk scores. 
Mortality indexes in the two groups were simi-
lar; however, the late-initiation group had a sig-
nificant (6.3%) reduction in the length of stay in 
the ICU and slight but significant improvements 
in secondary outcomes (infectious complications, 
indexes of organ dysfunction, and length of stay 
in the hospital). In addition, the late initiation of 
parenteral nutrition was associated with a modest 
reduction in total hospital costs (approximately 
$1,600 per patient).

Casaer et al. incorporated an upper target for 
blood glucose of 110 mg per deciliter (6.1 mmol 
per liter), which was lower than the target of 
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140 to 180 mg per deciliter (7.8 to 10.0 mmol 
per liter) now used in most ICUs. Patients in the 
two study groups had similar levels of blood glu-
cose, so this factor did not mediate the differen-
tial responses observed. Identical and complete 
intravenous preparations of vitamins and trace 
elements were given daily to all patients, with 
intravenous potassium, magnesium, and phos-
phorus to maintain blood levels. Thus, between-
group differences are probably limited to effects 
of the macronutrients (calories, dextrose, amino 
acids, and lipid emulsion) in the parenteral nu-
trition. Weaknesses of the study include the nec-
essarily unblinded design and the amino acid dos-
es, which were lower than those recommended in 
current clinical practice guidelines.9,10

Underlying mechanisms for the outcome dif-
ferences between the early-initiation group and 
the late-initiation group are unclear, but differ-
ences in the length of stay in the ICU and hospi-
tal may be due to the increased rates of infec-
tion and associated organ dysfunction in the 
early-initiation group. The authors suggest that 
early initiation of parenteral nutrition may be 
associated with the suppression of autophagy, 
with inadequate clearance of damaged cells and 

micro organisms, but other unknown factors (e.g., 
altered immunity and biofilm characteristics) may 
also be involved.

Casaer et al. clearly show that the early initia-
tion of parenteral nutrition to achieve caloric 
goals of approximately 25 to 30 kcal per kilogram 
of body weight per day is associated with worse 
clinical outcomes than those in patients in whom 
initiation was delayed for a week. However, these 
data should not be overinterpreted, since between-
group differences in outcome were small, rates 
of death in the two groups were similar, approx-
imately 80% of the patients were not seriously 
malnourished at entry (nutrition risk score, ≤4), 
and 60% were admitted to the ICU after cardiac 
surgery. Also, patients who were readmitted to 
the ICU and those who were seriously malnour-
ished or were receiving established enteral or 
parenteral nutrition at the time of ICU admission 
were excluded.

In addition, patients in the late-initiation group 
received early enteral nutrition and daily intrave-
nous vitamins and trace elements before starting 
supplemental parenteral nutrition on day 8. The 
optimal requirements of micronutrients for pa-
tients in the ICU are unknown (Table 1).4 None-
theless, it may be prudent to provide complete 
enteral or parenteral preparations of vitamins and 
trace elements if parenteral nutrition is delayed 
in patients who cannot tolerate full enteral nutri-
tion. Intravenous micronutrient preparations are 
subject to periodic market shortages; thus, consul-
tation with health professionals and societies with 
experience in specialized nutrition support is im-
portant (e.g., the American Society for Parenteral 
and Enteral Nutrition at www.nutritioncare.org).

The findings of Casaer et al. should result in 
renewed attention to the nutritional needs of pa-
tients in the ICU and after their discharge from 
the ICU, inform the use of thoughtful nutrition-
al care in the ICU (including the judicious use of 
parenteral nutrition and early use of enteral nu-
trition), and stimulate further study concerning 
the nutritional support of critically ill patients.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

From the Department of Medicine, Division of Endocrinology, 
Metabolism and Lipids, and the Emory University Hospital Nu-
trition and Metabolic Support Service, Emory University School 
of Medicine, Atlanta.

This article (10.1056/NEJMe1106612) was published on June 29, 
2011, at NEJM.org.

Table 1. Major Areas of Uncertainty in the Nutritional Support of Patients
in the Intensive Care Unit (ICU).*

Clinical effect of various durations of minimal or no feeding

Optimal timing for the initiation and duration of therapy with enteral nutri-
tion, parenteral nutrition alone or in combination with enteral nutrition, 
and micronutrients (known essential vitamins, trace elements, and min-
erals) in enteral and parenteral nutrition

Efficacy of various doses of energy, fat, and protein in enteral and parenteral 
nutrition

Effect of altered essential and nonessential amino acids (including gluta-
mine) in parenteral nutrition

Efficacy of various doses and formulations of micronutrients in enteral and 
parenteral nutrition

Efficacy of alternative lipids (e.g., fish oil, olive oil, structured lipids, medium-
chain triglycerides, and others, alone and in combination) in enteral and 
parenteral nutrition

Clinical efficacy of commercially available tube feedings containing combina-
tions of antioxidants, antiinflammatory lipids, arginine, glutamine, and 
nucleotides in subgroups of patients

Efficacy of longer-term enteral or parenteral nutrition (or both) as needed in 
the post-ICU hospital and home setting

Effect of approaches for enteral and parenteral nutrition support in specific 
diagnostic subgroups of patients

* Enteral nutrition includes oral complete supplements; specific oral protein, 
calorie, or micronutrient supplements; and complete tube feeding formula-
tions, and parenteral nutrition refers to complete intravenous formulations.
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A bs tr ac t

Background
Controversy exists about the timing of the initiation of parenteral nutrition in criti-
cally ill adults in whom caloric targets cannot be met by enteral nutrition alone.

Methods
In this randomized, multicenter trial, we compared early initiation of parenteral nu-
trition (European guidelines) with late initiation (American and Canadian guidelines) 
in adults in the intensive care unit (ICU) to supplement insufficient enteral nutrition. 
In 2312 patients, parenteral nutrition was initiated within 48 hours after ICU admis-
sion (early-initiation group), whereas in 2328 patients, parenteral nutrition was not 
initiated before day 8 (late-initiation group). A protocol for the early initiation of 
enteral nutrition was applied to both groups, and insulin was infused to achieve 
normoglycemia.

Results
Patients in the late-initiation group had a relative increase of 6.3% in the likelihood 
of being discharged alive earlier from the ICU (hazard ratio, 1.06; 95% confidence 
interval [CI], 1.00 to 1.13; P = 0.04) and from the hospital (hazard ratio, 1.06; 95% CI, 
1.00 to 1.13; P = 0.04), without evidence of decreased functional status at hospital 
discharge. Rates of death in the ICU and in the hospital and rates of survival at 90 days 
were similar in the two groups. Patients in the late-initiation group, as compared 
with the early-initiation group, had fewer ICU infections (22.8% vs. 26.2%, P = 0.008) 
and a lower incidence of cholestasis (P<0.001). The late-initiation group had a relative 
reduction of 9.7% in the proportion of patients requiring more than 2 days of me-
chanical ventilation (P = 0.006), a median reduction of 3 days in the duration of renal-
replacement therapy (P = 0.008), and a mean reduction in health care costs of €1,110 
(about $1,600) (P = 0.04).

Conclusions
Late initiation of parenteral nutrition was associated with faster recovery and fewer 
complications, as compared with early initiation. (Funded by the Methusalem pro-
gram of the Flemish government and others; EPaNIC ClinicalTrials.gov number, 
NCT00512122.)
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Critical illness induces anorexia 
and the inability to eat normally, predispos-
ing patients to serious nutritional deficits, 

muscle wasting, weakness, and delayed recovery. 
Whether artificial nutritional support improves the 
outcome for critically ill patients is unclear. The 
administration route, the time until the initiation 
of artificial nutrition, the number of calories, and 
the type of nutrients may be important.1-3

Enteral nutrition is associated with fewer com-
plications than parenteral nutrition and is less 
expensive to administer.4-6 However, the use of 
enteral nutrition alone often does not achieve ca-
loric targets.7 In addition, underfeeding is associ-
ated with weakness, infection,8 an increased du-
ration of mechanical ventilation,9,10 and death.11 
Combining parenteral nutrition with enteral nutri-
tion constitutes a strategy to prevent nutritional 
deficit but may risk overfeeding, which has been 
associated with liver dysfunction, infection, and 
prolonged ventilatory support.12-15 The increased 
levels of blood glucose that are associated with 
parenteral nutrition could contribute to such com-
plications5,16,17 and have been hypothesized to ex-
plain the failure of parenteral nutrition to prevent 
muscle wasting.18,19

Current clinical practice guidelines for nutri-
tional support in critically ill patients are largely 
based on expert opinion and differ substantially 
across continents. The guidelines of the European 
Society of Parenteral and Enteral Nutrition (ESPEN) 
recommend that practitioners consider initiating 
parenteral nutrition within 2 days after admis-
sion to the intensive care unit (ICU) for patients 
who cannot be adequately fed enterally.20 In con-
trast, the American and Canadian guidelines rec-
ommend early initiation of enteral nutrition but 
suggest that parenteral nutrition not be initiated 
concomitantly, thus advising that hypocaloric nu-
trition be tolerated during the first week in pa-
tients who are not malnourished at baseline.21,22

In this study, we compared the effect of late 
initiation of parenteral nutrition (American and 
Canadian guidelines) with early initiation (ESPEN 
guidelines) on rates of death and complications 
in adults in the ICU who were nutritionally at risk 
but who were not chronically malnourished (body-
mass index [the weight in kilograms divided by 
the square of the height in meters], ≥17).23 Since 
all the participating ICUs followed the guidelines 
for early initiation of parenteral nutrition, the ac-

tive intervention was late initiation. In this study, 
we investigated whether preventing a caloric defi-
cit during critical illness by providing parenteral 
nutrition to supplement enteral nutrition early in 
the disease course would reduce the rate of com-
plications or whether withholding parenteral nu-
trition for 1 week would be clinically superior.

Me thods

Study Design and Oversight
The study was a prospective, randomized, con-
trolled, parallel-group, multicenter trial that was 
initiated by the investigators. The protocol and 
consent forms were approved by the institutional 
review boards at University Hospitals Leuven and 
Jessa Hospitals and by the Belgian authorities. 
The study protocol and statistical analysis plan 
are available with the full text of this article at 
NEJM.org, and the methods have been reported 
previously.24 The first author and last author 
vouch for the fidelity of the study to the protocol.

Baxter Healthcare provided an unrestricted re-
search grant that covered less than a third of the 
costs of the study. The company was not involved 
in the design of the study; in the collection, analy-
sis, or interpretation of the data; in the prepara-
tion of the manuscript, or in the decision to sub-
mit the manuscript for publication.

Patients
From August 1, 2007, through November 8, 2010, 
all adults who were admitted to one of the seven 
participating ICUs were eligible for inclusion in 
the study if they had a score of 3 or more on nu-
tritional risk screening (NRS) (on a scale of 1 to 
7, with a score ≥3 indicating that the patient was 
nutritionally at risk)23 and did not meet any of the 
exclusion criteria (Fig. 1). Written informed con-
sent was provided by all patients or their desig-
nated representatives.

Consecutive patients were stratified according 
to 16 diagnostic categories (see Table 1 in the 
Supplementary Appendix, available at NEJM.org) 
and randomly assigned in a 1:1 ratio to early or 
late initiation of parenteral nutrition, with the use 
of sequentially numbered, sealed, opaque enve-
lopes. Envelopes were replaced by an identical 
digital system at all sites after the addition of the 
Jessa Hospitals study sites. Treatment assignments 
were made in permuted blocks of 10 per stratum. 
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The treating physicians and nurses did not know 
the block size. All outcome adjudicators were un-
aware of study-group assignments.

One interim safety analysis was performed af-
ter the first 1500 patients had been discharged 
from the ICU. The independent data and safety 
monitoring board then advised that the study be 
continued to completion. Because the primary ef-
ficacy end point was not analyzed, no correction 
of the significance level at the final analysis was 
required.

Study Procedures
Patients who were assigned to the early-initiation 
group received intravenous 20% glucose solution; 
the target for total energy intake was 400 kcal 
per day on ICU day 1 and 800 kcal per day on 
day 2 (Fig. 2, and Table 2 in the Supplementary 
Appendix).24 On day 3, parenteral nutrition (Oli-
Clinomel or Clinimix, Baxter) was initiated, with 
the dose targeted to 100% of the caloric goal 
through combined enteral and parenteral nutri-
tion (except when clinicians predicted that the 
patient would tolerate sufficient enteral nutrition 
or oral feeding on day 3). The amount of paren-
teral nutrition was calculated daily as the differ-
ence between the total energy intake that was 
effectively delivered by enteral nutrition and the 
calculated caloric goal. Calculations regarding 
the caloric goal included protein energy and were 
based on corrected ideal body weight, age, and 
sex25 (Table 3 in the Supplementary Appendix). 
The maximum caloric goal for all patients was 
2880 kcal per day. When enteral nutrition cov-
ered 80% of the calculated caloric goal or when the 
patient was judged to be able to resume oral nu-
trition, parenteral nutrition was reduced and even-
tually stopped. Parenteral nutrition was restarted 
whenever enteral or oral intake fell to less than 
50% of the calculated caloric needs.

Patients who were assigned to the late-initiation 
group received 5% glucose solution in a volume 
equal to that of the parenteral nutrition adminis-
tered in the early-initiation group in order to pro-
vide adequate hydration, with the delivered vol-
ume of enteral nutrition taken into account. If 
enteral nutrition was insufficient after 7 days in 
the ICU, parenteral nutrition was initiated on day 
8 to reach the caloric goal.

All patients who were unable to eat by day 2 
received enteral nutrition (mainly Osmolite, Ab-

bott), while being maintained in a semirecumbent 
position unless medically contraindicated (Table 
4 in the Supplementary Appendix). Standing or-
ders for enteral nutrition for all patients speci-

4640 Underwent randomization

4063 Were excluded
3605 Were not eligible

1344 Were <18 yr of age
214 Were moribund or coded

DNR
50 Were enrolled in another

trial
13 Had short-bowel

syndrome
9 Had home ventilation
1 Was in a diabetic coma

181 Were referred with nutri-
tional regimen

7 Were pregnant or
lactating

328 Had no central catheter
548 Were taking oral

nutrition
361 Were readmitted to ICU
106 Had BMI <17
299 Had NRS score <3
144 Had other reason

458 Did not give consent

2312 Were assigned to early-initiation
group

2312 Received intervention

2328 Were assigned to late-initiation
group

2313 Received intervention
15 Discontinued intervention

owing to protocol violation

2312 Were included in the analysis 2328 Were included in the analysis

8703 Patients were assessed for eligibility

Figure 1. Enrollment and Outcomes.

Patients were excluded for a number of medical reasons, including chronic 
malnourishment (defined as a body-mass index [BMI] of <17) before ad-
mission to an intensive care unit (ICU) and referral from another ICU with 
an established regimen of enteral or parenteral nutrition. For 15 patients 
who were assigned to the late-initiation group, the study protocol was con-
sidered to have been violated because of inadvertent administration of at 
least 1 liter of parenteral nutrition per day for at least 2 days during the in-
tervention window. DNR denotes do not resuscitate, and NRS nutritional 
risk screening.
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fied a twice-daily increase in the infusion rate for 
enteral nutrition and the use of prokinetic agents 
and duodenal feeding tubes. Patients in the two 
study groups received parenteral trace elements, 
minerals (potassium, phosphate, and magnesium), 
and vitamins early in their ICU stay24 in order to 
avoid problems due to micronutrient depletion 
on refeeding (Table 2 in the Supplementary Ap-
pendix).

A patient-data–management system (Meta-
Vision, iMDsoft) was used to calculate the daily 
volumes of enteral and parenteral nutrition to be 
administered to each patient, according to the 
protocol. Nutritional management after discharge 
from the ICU was at the discretion of the attend-
ing ward physicians. Continuous insulin infusion 

was adjusted to obtain a blood glucose level of 
80 to 110 mg per deciliter (4.4 to 6.1 mmol per 
liter).16,26 Arterial blood glucose levels were mon-
itored, with chemical analysis performed every 
1 to 4 hours on a blood gas analyzer (Radiom-
eter ABL 715 and 725, Radiometer Medical) and 
corrected as required. Guidelines for ventilator 
weaning were followed in all participating ICUs. 
When continued intensive care was considered to 
be futile, two senior ICU physicians and the re-
ferring specialist made end-of-life decisions by 
consensus.

Data Collection
Baseline demographic and clinical characteristics 
of the patients were well matched between the two 
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Figure 2. Total Energy Levels.

The upper panels show total energy levels, expressed in kilocalories per kilogram of body weight, that were administered in the intensive 
care unit (ICU) by the enteral route, the parenteral route, or both from day 1 through day 16. The lower panels show the percentages of 
the calculated nutritional goal administered from day 1 through day 16. The data on total energy intake include oral nutrition. Nutrition 
after discharge from the ICU was at the discretion of the attending physicians on the regular wards. The boxes represent interquartile 
ranges, and the horizontal lines within the boxes represent the medians. If no horizontal line is present within the box, the median value 
is the same as the 25th percentile.
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study groups (Table 1, and Table 1 in the Supple-
mentary Appendix). We quantified the severity of 
illness according to the score on the Acute Physi-
ology and Chronic Health Evaluation II (APACHE 
II) (on a scale of 0 to 71, with higher scores indi-
cating a greater severity of illness).27 The criteria of 
the American College of Chest Physicians–Society 
of Critical Care Medicine were used for the diag-
nosis of sepsis.28 Organ-failure and sepsis scores 
were calculated by trained experts.

Daily records were kept regarding all intensive 
care treatments and procedures, new bacterial or 
fungal infections, the results of blood and urine 
chemical analyses and hematologic studies, and 
markers of inflammation. Also recorded were the 
total energy intake delivered daily by means of 

enteral and parenteral nutrition, interruptions of 
delivery of enteral nutrition, and feeding-related 
complications. In addition, whenever practically 
feasible, the functional status of patients before 
hospital discharge was quantified. All direct health 
care costs were retrieved from the invoices for 
patients and analyzed from the perspective of the 
health care payer. Government and patient costs 
were aggregated. Vital status 90 days after ran-
domization was obtained from the Belgian Na-
tional Registry for all Belgian citizens.

Outcome Measures
Safety End Points
Safety end points included vital status (the pro-
portion of patients who were alive at discharge 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Late-Initiation Group

(N = 2328)
Early-Initiation Group

(N = 2312) P Value

Male sex — no. (%) 1486 (63.8) 1486 (64.3) 0.75

Age — yr 64±15 64±14 0.53

Weight — kg 75±15 76±16 0.05

Body-mass index — no. (%)† 0.34

<20 141 (6.1) 134 (5.8)

20 to <25 890 (38.2) 854 (36.9)

25 to <30 864 (37.1) 852 (36.9)

30 to <40 405 (17.4) 430 (18.6)

≥40 28 (1.2) 42 (1.8)

Diabetes mellitus — no. (%) 417 (17.9) 391 (16.9) 0.36

Dialysis-dependent kidney failure  before 
ICU admission — no. (%)

35 (1.5) 34 (1.5) 0.92

Cancer — no. (%) 457 (19.6) 437 (18.9) 0.52

Score on nutritional risk screening — no. (%)‡ 0.71

3 1050 (45.1) 1014 (43.9)

4 862 (37.0) 851 (36.8)

5 207 (8.9) 231 (10.0)

6 171 (7.3) 178 (7.7)

7 38 (1.6) 38 (1.6)

Sepsis — no. (%) 505 (21.7) 510 (22.1) 0.76

Emergency admission — no. (%) 970 (41.7) 956 (41.3) 0.82

APACHE II score§ 23±10 23±11 0.85

* Plus–minus values are means ±SD. The proportions of patients in various diagnostic categories at the time of admission 
to the intensive care unit (ICU) were similar in the two study groups. (For details, see Table 1 in the Supplementary 
Appendix.) Percentages may not total 100 because of rounding.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Scores on nutritional risk screening range from 0 to 7, with higher scores indicating a higher risk of malnutrition.23

§ Scores on the Acute Physiology and Chronic Health Evaluation II (APACHE II) range from 0 to 71, with higher scores 
indicating a greater severity of illness.27
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from the ICU in ≤8 days, the rates of death in the 
ICU and the hospital, and the rates of survival up 
to 90 days, regardless of ICU and hospital dis-
charge status) and the rates of complications and 
hypoglycemia. Hypoglycemia that was resistant 
to parenteral glucose administration during the 
intervention window was considered to be a seri-
ous adverse event.

Primary Efficacy End Point
The primary end point was the duration of depen-
dency on intensive care, assessed as the number 

of ICU days (for survivors and nonsurvivors) and 
the time to discharge from the ICU. To reduce bias 
that might result from variability in the availabil-
ity of beds on regular wards, we defined the time 
to discharge from the ICU as the time by which 
patients were ready for ICU discharge, according 
to prespecified objective criteria24 (Table 2).

Secondary Efficacy End Points
Secondary end points were the number of patients 
with new infections; the infection site (airways or 
lungs, bloodstream, urinary tract, or wounds)29,30; 

Table 2. Outcomes.*

Variable
Late-Initiation Group

(N = 2328)
Early-Initiation Group

(N = 2312) P Value

Safety outcome

Vital status — no. (%)

Discharged live from ICU within 8 days 1750 (75.2) 1658 (71.7) 0.007

Death

In ICU 141 (6.1) 146 (6.3) 0.76

In hospital 242 (10.4) 251 (10.9) 0.63

Within 90 days after enrollment† 257 (11.2) 255 (11.2) 1.00

Nutrition-related complication — no. (%) 423 (18.2) 434 (18.8) 0.62

Hypoglycemia during intervention — no. (%)‡ 81 (3.5) 45 (1.9) 0.001

Primary outcome

Duration of stay in ICU§

Median (interquartile range) — days 3 (2–7) 4 (2–9) 0.02

Duration >3 days — no. (%) 1117 (48.0) 1185 (51.3) 0.02

Hazard ratio (95% CI) for time to discharge alive 
from ICU

1.06 (1.00–1.13) 0.04

Secondary outcome

New infection — no. (%)

Any 531 (22.8) 605 (26.2) 0.008

Airway or lung 381 (16.4) 447 (19.3) 0.009

Bloodstream 142 (6.1) 174 (7.5) 0.05

Wound 64 (2.7) 98 (4.2) 0.006

Urinary tract 60 (2.6) 72 (3.1) 0.28

Inflammation

Median peak C-reactive protein level  during ICU stay 
(interquartile range) — mg/liter

190.6 (100.8–263.2) 159.7 (84.3–243.5) <0.001

Mechanical ventilation

Median duration (interquartile range) — days 2 (1–5) 2 (1–5) 0.02

Duration >2 days — no. (%) 846 (36.3) 930 (40.2) 0.006

Hazard ratio (95% CI) for time to definitive weaning 
from ventilation

1.06 (0.99–1.12) 0.07

Tracheostomy — no. (%) 134 (5.8) 162 (7.0) 0.08
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the duration of antibiotic therapy; inflammation, as 
reflected by the maximum level of plasma C-reactive 
protein; the time to final weaning from mechan-
ical ventilatory support and the need for trache-
ostomy; the rate of incident acute kidney injury, 
which was defined according to RIFLE criteria31 
(risk of renal dysfunction, injury to the kidney, 
failure or loss of kidney function, and end-stage 
kidney disease) as at least a doubling of the serum 
creatinine level recorded on admission; the propor-
tion of patients requiring renal-replacement therapy 
and the duration of such therapy in the ICU; and 
the need for and duration of pharmacologic or me-
chanical hemodynamic support. We compared the 

two study groups with respect to the proportion of 
patients during the study intervention and during 
the entire ICU stay who presented with liver dys-
function, which was defined as a total bilirubin 
level of more than 3 mg per deciliter (51 µmol per 
liter), a γ-gluta myl trans ferase level of more than 
79.5 U per liter, an alkaline phosphatase level of 
more than 405 U per liter, or a pronounced ele-
vation in the level of either alanine aminotrans-
ferase (>123 U per liter) or aspartate aminotrans-
ferase (>114 U per liter). Finally, we compared the 
duration of the hospital stay and time to discharge 
from the hospital between the two study groups. 
Before hospital discharge, we quantified functional 

Table 2. (Continued.)

Variable
Late-Initiation Group

(N = 2328)
Early-Initiation Group

(N = 2312) P Value

Kidney failure

Modified RIFLE category — no. (%)¶ 104 (4.6) 131 (5.8) 0.06

Renal-replacement therapy — no. (%) 201 (8.6) 205 (8.9) 0.77

Median duration of renal-replacement therapy  
(interquartile range) — days

7 (3 –16) 10 (5–23) 0.008

Duration of hospital stay

Median (interquartile range) — days 14 (9–27) 16 (9–29) 0.004

Duration >15 days — no. (%) 1060 (45.5) 1159 (50.1) 0.001

Hazard ratio (95% CI) for time to discharge alive 
from hospital

1.06 (1.00–1.13) 0.04

Functional status at hospital discharge

Distance on 6-min walk test

No. of patients evaluated 624 603

Distance (interquartile range) — m 277 (210–345) 283 (205–336) 0.57

Activities of daily living

No. of patients evaluated 1060 996

Independent in all activities — no. (%) 779 (73.5) 752 (75.5) 0.31

Mean total incremental health care cost  
(interquartile range) — €∥

16,863 (8,793–17,774) 17,973 (8,749–18,677) 0.04

* All hazard ratios and 95% confidence intervals (CI) were calculated with the use of Cox proportional-hazards analysis of 
the effect of late initiation of parenteral nutrition, with adjustment for risk factors. ICU denotes intensive care unit.

† Data on vital status at 90 days were available for 2289 patients in the late-initiation group and 2268 in the early-initiation 
group. 

‡ Hypoglycemia was defined as a glucose level of less than 40 mg per deciliter (2.2 mmol per liter).
§ The duration of time in the ICU was defined as the time from admission of patients until they were ready for discharge. 

Patients were considered ready for discharge as soon as all clinical conditions for ICU discharge were fulfilled (i.e., no 
more need for vital-organ support and receipt of at least two thirds of caloric requirements as oral feedings) even if 
they were not actually discharged that day. The “ready for discharge” day coincided with the actual day of discharge for 
all patients except for 104 patients in the late-initiation group and 95 patients in the early-initiation group.

¶ The Modified RIFLE classification (risk of renal dysfunction, injury to the kidney, failure or loss of kidney function, and 
end-stage kidney disease) was used to define new kidney injury or failure as at least a doubling of the creatinine level at 
admission. Values were available for 2264 patients in the late-initiation group and 2248 patients in the early-initiation group. 

∥ Total incremental health care costs included costs billed to either the government or the patient. Since the Belgian re-
imbursement system provides a daily flat compensation for the administration of intravenous fluids (including parenteral 
nutrition), the reported values do not include a deduction of the cost of parenteral nutrition in the late-initiation group. 
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status according to the distance walked in 6 min-
utes32 and the proportion of patients who were 
independent in all activities of daily living.33 We 
also compared the two groups with respect to the 
total incremental health care costs from random-
ization to hospital discharge.

Statistical Analysis
The sample-size calculation was based on the 
ability to detect a between-group change of 1 day 
in the ICU stay with a power of at least 80% and 
to concomitantly detect a change of 3% in the 
rate of death in the ICU with a power of at least 
70%.24 All analyses were performed on an inten-
tion-to-treat basis. Variables were summarized as 
frequencies and percentages, means and standard 
deviations, or medians and interquartile ranges, 
as appropriate. Data were compared with the use 
of the chi-square test, Student’s t-test, or non-
parametric testing (median test, Wilcoxon rank-
sum test, or Mann–Whitney U test), as appropriate. 
Health care costs were reported as means with 
interquartile ranges and were analyzed with the 
use of Student’s t-test.34 We used Kaplan–Meier 
methods to perform time-to-event analyses, and 
the time-to-event effect size was estimated with 
the use of Cox proportional-hazards analysis. In 
the analysis of survival to 90 days, data for 69 of 
83 non-Belgian citizens who had been discharged 
from the hospital before 90 days were censored 
at the time of discharge. For the time to dis-
charge from the ICU and hospital, data for pa-
tients who died were censored at the time of 
death, and data for one patient who was still in 
the hospital 90 days after the enrollment of the 
last patient were censored at 90 days. For the anal-
ysis of the time to discharge alive from the ICU 
or hospital, data for patients who died were cen-
sored at a time point after the last surviving pa-
tient had been discharged.35 All outcomes were 
analyzed both with no adjustment for baseline 
variables and with adjustment for prespecified 
risk factors (type and severity of illness, age, 
body-mass index, and NRS score). Data for the 
type of illness included diagnostic categories on 
admission (Table 1, and Table 1 in the Supplemen-
tary Appendix) and the presence or absence of 
cancer.

We performed prespecified subgroup analy-
ses24 for patients at increased risk as indicated 
by the body-mass index (<25 or ≥40)11,36-38 or 
NRS score (≥5), those who had undergone cardiac 

surgery, and those with sepsis on admission. These 
subgroup analyses were performed for the pri-
mary outcome and one safety end point. Inter-
actions in the fully adjusted models were tested 
at a significance level of less than 0.10. For all 
end points, a two-sided P value of less than 0.05 
was considered to indicate statistical significance, 
without correction for multiple testing. All anal-
yses were performed with the use of JMP soft-
ware, version 8.0.1 (SAS Institute).

R esult s

Study Intervention
A total of 4640 patients underwent randomization 
and were included in the analysis (Fig. 1). Details 
regarding the patients’ nutrition, which was ad-
ministered according to the study protocol, are 
shown in Figure 2 (also Fig. 1 in the Supplemen-
tary Appendix). Patients in the late-initiation group 
required a median of 31 IU of insulin (interquartile 
range, 19 to 48) per day to reach the target blood 
glucose level, with a mean (±SD) blood glucose 
level of 102±14 mg per deciliter (5.7±0.8 mmol per 
liter), as compared with a median of 58 IU of insu-
lin (interquartile range, 40 to 85) for a mean blood 
glucose level of 107±18 mg per deciliter (5.9±1.0 
mmol per liter) in the early-initiation group (P<0.001 
for both comparisons). Levels of serum potassi-
um, phosphorus, and magnesium were similar in 
the two study groups (data not shown).

Safety Outcomes
The two study groups had similar rates of death 
in the ICU and the hospital and at 90 days (Table 
2, and Fig. 2 in the Supplementary Appendix). 
However, the proportion of patients who were 
discharged alive from the ICU within 8 days was 
higher in the late-initiation group, even though 
hypoglycemia developed in more patients in this 
group. The rates of nutrition-related complica-
tions were similar in the two groups, and there 
were no serious adverse events that could be at-
tributed to the study interventions.

Primary Outcome
The median stay in the ICU was 1 day shorter in 
the late-initiation group than in the early-initia-
tion group, which was reflected in a relative in-
crease of 6.3% in the likelihood of earlier dis-
charge alive from the ICU (hazard ratio, 1.06; 95% 
confidence interval [CI], 1.00 to 1.13; P = 0.04) 
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(Table 2 and Fig. 3). This effect size was similar 
(an increase in likelihood of 6.9%) after adjust-
ment for hypoglycemia.

Secondary Outcomes
Fewer patients in the late-initiation group acquired 
a new infection (in the airways or lungs, blood-
stream, or wound) in the ICU, but the acute in-
flammatory response was more pronounced than 

in the early-initiation group (Table 2). The dura-
tion of mechanical ventilation and the course of 
renal-replacement therapy were shorter in the 
late-initiation group. More patients in the late-
initiation group had hyperbilirubinemia (>3 mg 
per deciliter), and fewer had a clinically impor-
tant increase in levels of γ-glutamyltransferase 
or alkaline phosphatase. The numbers of patients 
with pronounced elevations in aminotransferase 
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Figure 3. Kaplan–Meier Estimates of the Time to Discharge from the Intensive Care Unit (ICU) and from the Hospital.

Shown are the cumulative proportions of patients who were discharged from the ICU (Panel A), discharged alive from the ICU (Panel B), 
discharged from the hospital (Panel C), and discharged alive from the hospital (Panel D). For the analysis of the time to discharge from 
the ICU and the hospital, data for patients who died were censored at the time of death. For the analysis of the time to discharge alive 
from the ICU and the hospital, data for patients who died were censored at a time point after the last surviving patient had been dis-
charged.35 Plots were drawn for the first 30 days after randomization, for the sake of clarity. The effect size was calculated by Cox pro-
portional-hazards analysis for the entire stay in the ICU and the hospital, except for one patient who was still in the hospital 90 days af-
ter the enrollment of the last patient, whose data were censored at 90 days. 
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levels were similar in the two groups (Table 5 in 
the Supplementary Appendix).

The median duration of hospitalization was 
2 days shorter in the late-initiation group than 
in the early-initiation group, which was reflect-
ed in a relative increase of 6.4% in the likeli-
hood of earlier discharge from the hospital 
(hazard ratio, 1.06; 95% CI, 1.00 to 1.13; P = 0.04) 
(Table 2). Functional status, as assessed by the 
6-minute walk distance and activities of daily 
living at the time of imminent hospital discharge, 
was similar in the two study groups. Late initiation 
of parenteral nutrition resulted in a mean reduction 
in total health care costs of €1,110 (about $1,600) 
per patient (Table 2).

Subgroup Analyses
Predefined subgroup analyses revealed no het-
erogeneity for the primary outcome or for the 
safety outcomes (Table 6 in the Supplementary 
Appendix). In post hoc subgroup analyses, we 
compared late initiation of parenteral nutrition 
with early initiation in patients for whom early 
enteral nutrition was surgically contraindicated 
(517 patients who had undergone complicated pul-
monary, esophageal, abdominal, or pelvic surgery 
and who had a mean APACHE II score of 27±11). 
Together, these high-risk subgroups predictably re-
ceived a median of 0 kcal (interquartile range, 0 to 
163) per day of enteral nutrition by day 7. Among 
these patients, the rate of infection was lower in the 
late-initiation group (29.9%) than in the early-
initiation group (40.2%, P = 0.01). In the late-initi-
ation group, there was a relative increase of 20% 
in the likelihood of earlier discharge alive from 
the ICU (hazard ratio, 1.20; 95% CI, 1.00 to 1.44; 
P = 0.05; P = 0.11 for interaction) (Table 6 in the 
Supplementary Appendix).

Discussion

We found that there was no significant difference 
in mortality between late initiation and early ini-
tiation of parenteral nutrition among patients in 
the ICU who were at risk for malnutrition, despite 
the use of early enteral feeding plus micronutri-
ents in a protocol that prevented hyperglycemia. 
However, withholding of parenteral nutrition un-
til day 8 was associated with fewer ICU infections 
but a higher degree of acute inflammation. Late 
initiation of parenteral nutrition was also associ-
ated with a shorter duration of mechanical venti-

lation and a shorter course of renal-replacement 
therapy, a shorter ICU stay despite a slight increase 
in hypoglycemic episodes, a shorter hospital stay 
without a decrease in functional status, and re-
duced health care costs.

Our results do not support the conclusions 
from previous observational studies9-11 that ear-
lier achievement of nutritional targets improves 
the outcome for critically ill patients. Such obser-
vational studies could not differentiate between 
cause and consequence, since the sickest patients 
were often those who could not tolerate enteral 
nutrition. Such associations also formed the ba-
sis of the recommendation that critically ill pa-
tients should undergo early initiation of enteral 
tube feeding and that patients with insufficient 
enteral nutrition should receive early parenteral 
supplementation. In our study, although patients’ 
vital status was unaffected, all primary and sec-
ondary morbidity end points indicated that early 
parenteral nutrition was not beneficial. Such fac-
tors as the body-mass index, severity of nutritional 
risk, and presence or absence of sepsis on admis-
sion did not influence the results, indicating that 
our findings have general application. Further-
more, the effect of late initiation of parenteral 
nutrition in the large cohort of patients who had 
undergone cardiac surgery was identical to that 
in other diagnostic groups.

The subgroup of patients for whom early en-
teral nutrition was surgically contraindicated ap-
peared to have a greater benefit from late initia-
tion of parenteral nutrition than did other patients, 
perhaps because such patients in the early-initi-
ation group received the largest amount of paren-
teral nutrition. Alternatively, withholding of mac-
ronutrients in the early stages of a critical illness, 
regardless of the route of nutrition, may enhance 
recovery.39 We speculate that the increased rates 
of infection and delayed recovery from organ fail-
ure that are associated with the early administra-
tion of parenteral nutrition may be explained by a 
suppression of autophagy, with inadequate clear-
ance of cell damage and microorganisms.40-46 The 
protocol for our study targeted normoglycemia. 
Whether an increased blood glucose target would 
have affected the outcome of the trial remains 
speculative. However, the expected increase in 
blood glucose levels could add to the risk of early 
parenteral nutrition.16,17,26

Our study has certain limitations. First, the 
parenteral nutrition that we used contained nei-
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ther glutamine47 nor specific immune-modulat-
ing compounds,48 but rather reflected the paren-
teral nutrition given in common daily practice.49 
The data favoring the administration of glutamine 
remain controversial.50,51 Second, the use of stan-
dardized, premixed parenteral-nutrition products 
resulted in a relatively low protein-to-energy ratio 
(Fig. 1 in the Supplementary Appendix). However, 
high-level evidence of an improved outcome with 
increased protein doses is currently lacking. Third, 
the amount of nutrition was calculated without 
measurement of energy expenditure with the use 
of indirect calorimetry, a technique that is not 
recommended by evidence-based guidelines.21 Fi-
nally, because of the nature of the study, patients 
or their designated representatives and their ICU 
providers were aware of study-group assignments.

In conclusion, the early initiation of paren-
teral nutrition to supplement insufficient enteral 
nutrition during the first week after ICU admis-
sion in severely ill patients at risk for malnutrition 
appears to be inferior to the strategy of with-
holding parenteral nutrition until day 8 while pro-
viding vitamins, trace elements, and minerals. Late 

parenteral nutrition was associated with fewer 
infections, enhanced recovery, and lower health 
care costs.
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