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The Route of Early Nutrition in Critical Illness
Deborah Cook, M.D., and Yaseen Arabi, M.D.

Randomized trials may be broadly categorized 
as explanatory or pragmatic. Explanatory trials 
address the question, ‘‘Can this intervention work 
under ideal conditions?” Pragmatic trials ask, 
‘‘Does this intervention work under usual condi-
tions?’’ Usual conditions, of course, are context-
dependent. In the United Kingdom, the CALORIES 
trial by Harvey et al.,1 reported in the Journal, 
addresses the clinical effectiveness of early en-
teral nutrition, as compared with early parenteral 
nutrition, in critically ill patients without contra-
indications to either route of delivery. This trial, 
commissioned and sponsored by the Health 
Technology Assessment Program of the National 
Institute for Health Research, was pragmatic in 
design and conduct.

To maximize the detection of differences be-
tween groups, investigators who are designing 
an explanatory trial might select malnourished 
patients, maintain blinding with the use of a 
double-dummy technique, establish near-perfect 
compliance, and minimize random and systemic 
errors by adjudicating nonmortality outcomes. 
Although explanatory trials are enlightening, 
they often overestimate treatment effects ob-
served in practice. Accordingly, the National 
Health Service sought to understand the real-
world consequences of early nutrition versus 
early parenteral nutrition.

The adage “use the gut when possible” is based 
on a physiological rationale, including the fact that 
immune-enhancing benefits of enteral nutrition 
have been observed in mechanistic studies. In ad-
dition, feeding by the enteral route is often more 
convenient, and indirect evidence suggests that 
early initiation of enteral nutrition has been asso-
ciated with fewer infections than late initiation.2 
However, obstacles to starting and sustaining en-
teral nutrition abound. Barriers include the ten-
dency for prioritization of other aspects of care 
over nutrition, shortages of feeding pumps and 

enteral formulas in ICUs, blocked feeding tubes, 
delayed reinsertions, suspension of nutrient deliv-
ery on the basis of gastric residual volumes, vomit-
ing or aspiration, challenges in small-bowel access 
among patients with feeding intolerance, and in-
sufficient consultation with dietitians.3

Might intravenous nutrition be more reliable, 
better meet caloric needs, and confer better out-
comes than enteral nutrition? The association 
between parenteral nutrition and increased risk 
of infection may be attenuated today by contem-
porary management of central venous catheters 
and avoidance of hyperglycemia. In a meta-anal-
ysis of 13 trials of parenteral nutrition, as com-
pared with enteral nutrition provided by Harvey 
et al. in a Supplementary Appendix to their study, 
there was no significant reduction in mortality 
among patients receiving parenteral nutrition 
(relative risk, 0.82; 95% confidence interval [CI], 
0.60 to 1.11),1 whereas in a meta-analysis of 
9 trials in which analyses were performed on 
the intention-to-treat principle, there was a sig-
nificant benefit favoring parenteral nutrition 
(odds ratio, 0.51; 95% CI, 0.27 to 0.97).4 Thus, 
Harvey et al. hypothesized that parenteral nutri-
tion would be superior to enteral nutrition in the 
CALORIES trial.

There is conspicuous variation among prac-
tices regarding the use and timing of parenteral 
nutrition,5 and guidelines provide differing recom-
mendations. European guidelines recommend the 
initiation of parenteral nutrition within 48 hours 
after admission if enteral nutrition is contraindi-
cated or in patients with feeding intolerance.6 
North American guidelines generally recommend 
the initiation of parenteral nutrition after the 
first week in the ICU.7,8 International guidelines 
for patients with sepsis suggest the use of enteral 
nutrition alone rather than parenteral nutrition 
alone or in conjunction with enteral nutrition 
during the first week.9
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In the CALORIES trial, investigators in 33 
English ICUs used a 24-hour telephone random-
ization system, performed analyses based on the 
intention-to-treat principle, and had excellent 
follow-up. Staff members monitored nutritional 
adequacy and nutritional complications using 
accepted guidelines. Selected sites had estab-
lished protocols for the use of enteral nutrition 
and parenteral nutrition that included serum glu-
cose targets (<180 mg per deciliter [10 mmol per 
liter]) and the use of infection-prevention meth-
ods. Sites were committed to protocol adherence, 
screening logs, and timely data submission, the 
last of which is imperative for legitimate safety 
monitoring.

On average, nutritional support was initiated 
within 24 hours after admission to the ICU. The 
targeted intake was 25 kcal per kilogram of body 
weight per day, a goal that was adapted for pa-
tients at the extremes of body-mass index (BMI). 
The amount of protein calories, product selection, 
and the use of supplements were determined by 
local practices. Remarkably, sites achieved simi-
lar protein and caloric intake, and rates of ad-
herence were similar, although patients in the 
parenteral group received more micronutrients, 
especially selenium. However, the premise that 
parenteral nutrition would secure better nutri-
tional delivery was not realized.

Today, many nutrition trials evaluate mortal-
ity and acquired infections, which are the most 
commonly used primary outcomes in random-
ized trials conducted in ICUs since 2007.10 In the 
CALORIES trial, no significant between-group 
difference was observed in the rate of infection 
or death at each prespecified time point up to 
90 days. Predictably, patients in the enteral group 
had more frequent vomiting, had a higher mean 
gastric residual volume, and received more pro-
kinetic drugs.

Could the profile of the study population ex-
plain the similar findings in the two groups? 
Although patients were at high risk for death 
(80% received mechanical ventilation or vasopres-
sors), 90% had no malnutrition, as defined on 
the basis of the BMI and recent weight loss; 
subjectively, 13% were malnourished. The use of 
a scoring system to identify patients who may 
be most nutrition-responsive may serve in future 
explanatory trials. However, the administration 
of nutrition — an archetypal basic life support 
— clearly needs to be evaluated in more prag-
matic trials.

The CALORIES trial weaves an important 
thread into the complex tapestry of evidence 
that informs the practice of nutritional support 
in the ICU. Among patients without contraindi-
cations to either route of delivery, when enteral 
nutrition and parenteral nutrition are initiated 
early and with similar caloric and protein doses, 
clinical outcomes appear to be similar. The lack 
of benefit associated with exclusive early paren-
teral nutrition raises questions about inflated es-
timates of benefit in previous smaller trials. 
Meanwhile, bedside decisions about the route of 
nutritional support during critical illness will 
probably continue to be influenced by availability, 
access, assessment of individualized nutritional 
needs, perceived costs, and prevailing practices.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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A bs tr ac t

Background
Uncertainty exists about the most effective route for delivery of early nutritional 
support in critically ill adults. We hypothesized that delivery through the paren-
teral route is superior to that through the enteral route.

Methods
We conducted a pragmatic, randomized trial involving adults with an unplanned 
admission to one of 33 English intensive care units. We randomly assigned patients 
who could be fed through either the parenteral or the enteral route to a delivery 
route, with nutritional support initiated within 36 hours after admission and con-
tinued for up to 5 days. The primary outcome was all-cause mortality at 30 days.

Results
We enrolled 2400 patients; 2388 (99.5%) were included in the analysis (1191 in the 
parenteral group and 1197 in the enteral group). By 30 days, 393 of 1188 patients 
(33.1%) in the parenteral group and 409 of 1195 patients (34.2%) in the enteral 
group had died (relative risk in parenteral group, 0.97; 95% confidence interval, 
0.86 to 1.08; P = 0.57). There were significant reductions in the parenteral group, as 
compared with the enteral group, in rates of hypoglycemia (44 patients [3.7%] vs. 
74 patients [6.2%]; P = 0.006) and vomiting (100 patients [8.4%] vs. 194 patients 
[16.2%]; P<0.001). There were no significant differences between the parenteral 
group and the enteral group in the mean number of treated infectious complica-
tions (0.22 vs. 0.21; P = 0.72), 90-day mortality (442 of 1184 patients [37.3%] vs. 464 
of 1188 patients [39.1%], P = 0.40), in rates of 14 other secondary outcomes, or in 
rates of adverse events. Caloric intake was similar in the two groups, with the target 
intake not achieved in most patients.

Conclusions
We found no significant difference in 30-day mortality associated with the route of 
delivery of early nutritional support in critically ill adults. (Funded by the United 
Kingdom National Institute for Health Research; CALORIES Current Controlled 
Trials number, ISRCTN17386141.)
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Nutritional support is standard 
for critically ill patients and requires a 
complex calculus of timing, route of de-

livery, and the amount and type of nutrients that 
are administered — all of which may affect pa-
tient outcomes. The interpretation of published 
meta-analyses of trials comparing nutritional 
support through the parenteral route versus the 
enteral route in critically ill patients1-3 is compli-
cated by small sample sizes, variable quality, se-
lection bias, lack of standardized definitions, 
and interventions that combine multiple ele-
ments of nutritional support (e.g., timing and 
route). Currently, the enteral route is the main-
stay, largely on the grounds of physiological ra-
tionale and modest evidence suggesting an as-
sociation with fewer infections,2,4,5 yet it can also 
be associated with gastrointestinal intolerance 
and underfeeding.6,7 The parenteral route, 
though more invasive, more often secures deliv-
ery of the intended nutrition6 but has been asso-
ciated with greater risks and rates of complica-
tions.1-3 However, these studies have not 
considered improvements in delivery, formula-
tion, and monitoring of parenteral nutrition.8,9

Although recent studies have evaluated sup-
plemental parenteral nutrition,10,11 the most effec-
tive route for early nutritional support in criti-
cally ill patients is unknown. In the CALORIES 
trial, we tested the hypothesis that the paren-
teral route is superior to the enteral route for the 
delivery of early nutritional support in adults 
who had an unplanned admission to an intensive 
care unit (ICU) and who could be fed through 
either route.

Me thods

Study Design and Oversight
Our study was a pragmatic, open, multicenter, 
parallel-group, randomized, controlled trial. The 
North West London Research Ethics Committee 
approved the study protocol, which is available 
with the full text of this article at NEJM.org. The 
United Kingdom National Institute for Health 
Research funded the study and convened a trial 
steering committee and independent data and 
safety monitoring committee. The Clinical Trials 
Unit at the U.K. Intensive Care National Audit 
and Research Centre (ICNARC) managed the 
study (for details, see the Supplementary Appen-
dix, available at NEJM.org).

Sites and Patients

The study was conducted in 33 adult general 
ICUs in England participating in the national 
clinical audit for adult critical care coordinated 
by ICNARC.12 Patients who were at least 18 years 
of age were eligible if they were expected to re-
quire nutritional support for at least 2 days, as 
determined by a clinician within 36 hours after 
an unplanned ICU admission that was expected 
to last at least 3 days. Patients were excluded if 
they could not be fed through either the paren-
teral or the enteral route, had received nutritional 
support in the past 7 days, had a gastrostomy or 
jejunostomy in situ, were pregnant, or were not 
expected to be in the United Kingdom for the 
next 6 months. (A detailed list of inclusion and 
exclusion criteria is provided in the Supplemen-
tary Appendix.) All patients or their consultees 
provided written informed consent or agreement 
according to the provisions of the United King-
dom Mental Capacity Act of 2005.

Using a 24-hour telephone randomization sys-
tem, we assigned patients in a 1:1 ratio to receive 
early nutritional support through the parenteral 
route or the enteral route. We used a computer-
ized minimization algorithm with a random 
component to balance patients according to ICU, 
age (<65 years or ≥65 years), surgical status (sur-
gery <24 hours before ICU admission or no sur-
gery <24 hours before ICU admission), and the 
presence or absence of severe malnutrition.

Study Interventions
Nutritional support was initiated as soon as pos-
sible after randomization (within 36 hours after 
admission) and used exclusively for 5 days (120 
hours) or until transition to exclusive oral feed-
ing, discharge from the ICU, or death (termed 
the intervention period). Oral feeding could be 
initiated if clinically indicated during the inter-
vention period. Patients in the parenteral group 
received nutrition through a central venous cath-
eter with a dedicated lumen positioned in accor-
dance with National Health Service guidelines.13 
Patients in the enteral group received nutrition 
through a nasogastric or nasojejunal tube posi-
tioned in accordance with U.K. guidelines.14,15

Energy targets were set at 25 kcal per kilo-
gram of actual body weight per day, with a goal 
of reaching the target within 48 to 72 hours. 
Protein or amino acid targets were set according 
to local practice. Glycemic control was main-
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tained in accordance with international guide-
lines (with a target level for serum glucose of 
<180 mg per deciliter [10 mmol per liter]).16 
Calories from non-nutritional sources (e.g., pro-
pofol) were included in the calculations of total 
calories. All other treatments and nutritional 
support were provided according to local prac-
tice guidelines and at the clinicians’ discretion. 
(Details about the study interventions are pro-
vided in the Supplementary Appendix.)

Outcome Measures
We report the evaluation of clinical effectiveness, 
including the primary outcome at 30 days and all 
secondary outcomes within 90 days after ran-
domization. The primary outcome was all-cause 
mortality at 30 days. Secondary outcomes were 
the duration of organ support, treated infectious 
and noninfectious complications, length of stay 
in the ICU and hospital, the duration of survival, 
and mortality at the time of discharge from the 
ICU and from the hospital, at 90 days, and at 1 
year. Adverse events were monitored for 30 days. 
(Definitions for all outcomes are provided in the 
Supplementary Appendix.)

Statistical Analysis
We assumed a baseline 30-day mortality of 32% 
for patients receiving nutrition through the en-
teral route. On the basis of our updated meta-
analysis, we estimated that the patients in the 
parenteral group, as compared with those in the 
enteral group, would have a potential relative risk 
reduction of approximately 20% in the primary 
outcome (Fig. S1 in the Supplementary Appen-
dix). On the basis of these estimates, we deter-
mined that an enrollment of 2400 patients would 
have a power of 90% to detect a 20% relative risk 
reduction (absolute risk reduction, 6.4 percent-
age points) in the parenteral group with a two-
sided alpha level of 0.05, assuming that 2% of 
patients would cross over to the other group or 
have a protocol violation and that 2% of patients 
would be lost to follow-up or withdraw from the 
study.17

A single, planned interim analysis was per-
formed and was reviewed by the data and safety 
monitoring committee at the point when 30-day 
outcomes for the first 1200 patients were avail-
able. A Haybittle–Peto stopping rule (P<0.001) 
was used to guide recommendations for early 
termination.18

We performed all statistical analyses using 
the intention-to-treat principle on the basis of a 
prespecified statistical analysis plan.19 A P value 
of 0.05 was considered to indicate statistical 
significance. All tests were two-sided, and there 
was no adjustment for multiple variables. Con-
tinuous variables are reported as means and 
standard deviations or as medians and inter-
quartile ranges. Categorical variables are reported 
as proportions. The time to the initiation of ex-
clusive oral feeding was analyzed as the time to 
event, with censoring of data for all patients 
who died while receiving nutritional support.

We used Fisher’s exact test to compare between-
group differences in the primary outcome. Ab-
solute and relative risks are reported with 95% 
confidence intervals without adjustment. Re-
ported as a secondary analysis is the adjusted 
odds ratio from multilevel logistic regression 
after adjustment for age, ICNARC Physiology 
Score,20 surgical status, degree of malnutrition, 
and a site-level random effect. A sensitivity ap-
proach was taken for missing data with respect 
to the primary outcome by assuming that all 
patients with missing outcomes survived in the 
enteral group and died in the parenteral group, 
with the analyses then repeated with the oppo-
site assumptions. Missing baseline data were 
imputed in adjusted analyses with the use of 
multivariate imputation by means of chained 
equations.21

For secondary outcomes, we used Fisher’s 
exact test to analyze binary outcomes, t-tests to 
analyze the number of infectious complications 
and duration of organ support (with bootstrap-
ping for anticipated non-normality in the latter22), 
and Wilcoxon rank-sum tests to analyze the 
length of stay, stratified according to survival. 
Unadjusted relative risks and adjusted odds ra-
tios are reported for all mortality outcomes. We 
used the log-rank test to compare Kaplan–Meier 
curves for 90 days with no adjustment and a Cox 
proportional-hazards model to compare survival 
with adjustment.

The likelihood-ratio test was used to assess 
interactions between groups and prespecified 
subgroups in adjusted multilevel logistic-regres-
sion models. Subgroups were defined according 
to age quartiles, the presence or absence of mal-
nutrition, quartiles of predicted risk of death,20,23 
the presence or absence of mechanical ventila-
tion, the presence or absence of cancer, and the 
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time from ICU admission to the initiation of 
nutritional support (<24 hours or ≥24 hours).

We repeated the primary analysis after adjust-
ment for adherence using a structural-mean 

model24 with an instrumental variable for the 
study group, assuming a linear relationship be-
tween the degree of adherence (proportion of 
the intervention period that the assigned route 

2400 Underwent randomization

11,108 Patients met inclusion criteria

6195 Met exclusion criteria
2025 Had contraindication
1648 Received nutritional support within past

7 days
1368 Were in ICU >36 hr
504 Were receiving palliative care
428 Were admitted with PEG, PEJ, or needle

or surgical jejunostomy in situ
99 Were expected to stay in UK <6 mo
84 Were previously enrolled in CALORIES
34 Were known to be pregnant
5 Had burns

2513 Were eligible but did not undergo randomization
716 Were excluded by clinician
628 Declined to give consent
453 Were unable to give consent 
252 Did not have research staff available
209 Were participating in another study
75 Did not have parenteral or enteral

product available
25 Had site error
91 Had other reasons
64 Had no reason given     

1155 Received assigned nutritional support
36 Did not receive assigned nutritional

support 
24 Received no nutritional support
12 Received nutritional support through

 the enteral route

1167 Received assigned nutritional support
30 Did not receive assigned nutritional

support 
26 Received no nutritional support
4 Received nutritional support through

 the parenteral route

1200 Were assigned to the parenteral group 1200 Were assigned to the enteral group

2 Were lost to follow-up
before 30 days

3 Were lost to follow-up
before 30 days

9 Requested removal 
of all data

3 Requested removal 
of all data

1188 Were included in the primary
outcome analysis

1195 Were included in the primary
outcome analysis

Figure 1. Screening, Randomization, and Follow-up.

Patients who requested removal of all data or were lost to follow-up (12 in the parenteral group and 5 in the enteral 
group) were not included in the primary outcome analysis. ICU denotes intensive care unit, PEG percutaneous endo-
scopic gastrostomy, and PEJ percutaneous endoscopic jejunostomy.
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was used) and treatment effect to estimate the 
efficacy of early nutritional support delivered 
through the parenteral route, as compared with 
the enteral route.25 All analyses were performed 
with the use of Stata/SE software, version 13.0.

R esult s

Patients
From June 22, 2011, to March 2, 2014, we 
screened 11,108 patients at 33 sites in England 
(Table S1 in the Supplementary Appendix). Of 
these patients, 2400 were enrolled, including 12 
patients who subsequently withdrew from the 
study (Table S2 in the Supplementary Appendix), 
which resulted in an intention-to-treat popula-
tion of 2388 patients (1191 in the parenteral 
group and 1197 in the enteral group) (Fig. 1). 
Baseline characteristics of the patients were sim-
ilar in the two study groups (Table 1, and Table 
S3 in the Supplementary Appendix).

Adherence and Nutritional Support
Overall, 97% of the patients received early nutri-
tional support through the assigned route, and 
rates of nonadherence to the protocol were simi-
lar in the two groups (Table 2). Initiation was 
delayed for 37 patients (3.1%) in the parenteral 
group and 41 (3.4%) in the enteral group. Cross-
over occurred in 81 patients (6.8%) in the paren-
teral group and 18 patients (1.5%) in the enteral 
group during the intervention period; most of 
the crossover occurred toward the end of the 120 
hours. Patients in the enteral group were more 
likely than those in the parenteral group to have 
complete days without nutrition (Table S4 and 
Fig. S2 in the Supplementary Appendix).

Nutritional support was initiated early and is 
summarized in Table 2 and in Tables S5 and S6 
in the Supplementary Appendix. In the enteral 
group, the mean gastric residual volume (253 
ml per 24 hours, with cutoff volumes of 200 to 
500 ml in local protocols) was higher and more 
patients received prokinetic agents than in the 
parenteral group. Scores on the Sequential Or-
gan Failure Assessment (SOFA)26 and amounts 
of calories and proteins or amino acids are pro-
vided in Figure 2. The target nutritional value of 
25 kcal per kilogram per day was not achieved 
for the majority of patients in the two study 
groups, although caloric intake was similar in the 
two groups.

Adverse Events

One or more serious adverse events were report-
ed in 58 patients (4.9%) in the parenteral group 
and 58 patients (4.8%) in the enteral group 
(P = 1.00) (Table 2, and Table S7 in the Supple-
mentary Appendix). There were five serious, un-
expected adverse events that were deemed by the 
site investigator to be potentially related to the 
study treatment in 4 patients (1 with ischemic 
bowel and hypoglycemia and 1 each with upper 
gastrointestinal hemorrhage and anterolateral 
myocardial infarction in the parenteral group 
and 1 with lower gastrointestinal hemorrhage in 
the enteral group).

Primary Outcome
By 30 days, 393 of 1188 patients (33.1%) in the 
parenteral group and 409 of 1195 patients 
(34.2%) in the enteral group had died, with no 
significant between-group difference, even after 
adjustment for baseline variables (relative risk in 
the parenteral group, 0.97; 95% confidence inter-
val [CI], 0.86 to 1.08; absolute risk reduction, 
1.15; 95% CI, −2.65 to 4.94; PԜ=Ԝ0.57) (Table 3). 
The results were similar after the inclusion of 
5 patients with missing data for the 30-day out-
come (relative risks, 0.96 and 0.97 after the ap-
plication of extreme assumptions).

Secondary Outcomes
There were significant reductions in the paren-
teral group, as compared with the enteral group, 
in rates of hypoglycemia (44 patients [3.7%] vs. 
74 patients [6.2%]; absolute risk reduction, 2.5 per-
centage points; 95% CI, 0.8 to 4.2; PԜ=Ԝ0.006) and 
vomiting (100 patients [8.4%] vs. 194 patients 
[16.2%]; absolute risk reduction, 7.8 percentage 
points; 95% CI, 5.2 to 10.4; P<0.001). However, 
there were no significant differences between the 
parenteral group and the enteral group for the 16 
other secondary outcomes, including the mean 
number of infectious complications (0.22 vs. 
0.21; difference, 0.01; 95% CI, −0.04 to 0.06; 
PԜ=Ԝ0.72) and 90-day mortality (442 of 1184 pa-
tients [37.3%] vs. 464 of 1188 patients [39.1%]; 
relative risk, 0.96; 95% CI, 0.86 to 1.06; PԜ=Ԝ0.40) 
(Table 3, and Table S8 in the Supplementary Ap-
pendix). There was no significant difference in 
the duration of survival up to 90 days (PԜ=Ԝ0.98 by 
the log-rank test; adjusted hazard ratio, 0.94; 
95% CI, 0.82 to 1.07, PԜ=Ԝ0.33) (Fig. S3 in the Sup-
plementary Appendix).
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Parenteral Group 

(N = 1191)
Enteral Group 

(N = 1197)

Age — yr 63.3±15.1 62.9±15.4

Male sex — no. (%) 689 (57.9) 725 (60.6)

Severe coexisting illness — no./total no. (%)

Liver 29/1181 (2.5) 34/1193 (2.8)

Renal 20/1181 (1.7) 15/1193 (1.3)

Respiratory 34/1181 (2.9) 23/1193 (1.9)

Cardiovascular 11/1181 (0.9) 14/1193 (1.2)

Immunodeficiency 78/1181 (6.6) 95/1193 (8.0)

Surgery <24 hr before ICU admission — no. (%)† 162 (13.6) 167 (14.0)

APACHE II‡

Acute Physiology Score 15.1±6.2 15.2±6.2

Total score 19.6±6.9 19.6±7.0

Median predicted risk of death (IQR)§ 0.34 (0.18–0.52) 0.34 (0.18–0.52)

ICNARC

Physiology Score¶ 25.6±8.0 25.8±7.8

Median predicted risk of death (IQR)∥ 0.42 (0.22–0.65) 0.43 (0.23–0.65)

Mechanical ventilation — no./total no. (%) 979/1178 (83.1) 993/1185 (83.8)

SOFA score** 9.5±3.4 9.6±3.3

Subjective assessment of severe malnutrition — no. (%)† 151 (12.7) 152 (12.7)

Actual or estimated body-mass index†† 27.7±7.4 28.2±7.5

Degree of malnutrition — no./total no. (%)‡‡

High 74/1152 (6.4) 81/1161 (7.0)

Moderate 8/1152 (0.7) 10/1161 (0.9)

None 1070/1152 (92.9) 1070/1161 (92.2)

* Plus–minus values are means ±SD. There were no significant differences between the two groups. ICU denotes inten-
sive care unit, and IQR interquartile range.

† This characteristic was included in the minimization algorithm.
‡ On the Acute Physiology and Chronic Health Evaluation II (APACHE II), the Acute Physiology Score, which is based 

on data regarding physiological function that were obtained during the first 24 hours after admission to the ICU, 
ranges from 0 to 60, with higher scores indicating greater severity of illness. The total score, which is based on acute 
physiology, age, and severe coexisting illnesses, ranges from 0 to 71, with higher scores indicating greater severity of 
illness.

§ This value is the predicted risk of death before discharge from an acute care hospital in the United Kingdom on the 
basis of a 2013 recalibration. There were insufficient data to calculate the predicted risk of death for 29 patients in the 
parenteral group and 24 in the enteral group.

¶ Scores for physiological function on the Intensive Care National Audit and Research Centre (ICNARC) model range 
from 0 to 100, with higher scores indicating a greater severity of illness. This score was based on data regarding phys-
iological function that were obtained during the first 24 hours after admission to the ICU.

∥ There were insufficient data to calculate the predicted risk of death for one patient in the parenteral group.
** Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24, with higher scores indicating a great-

er degree of organ failure. The SOFA score was calculated with the use of data obtained within 24 hours before ran-
domization.

†† The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. This value was 
based on estimated weight or height for 1552 patients (780 in the parenteral group and 772 in the enteral group) and 
was not available for 24 patients (14 in the parenteral group and 10 in the enteral group).

‡‡ A high degree of malnutrition was defined as a BMI of less than 18.5 or a weight loss of more than 10% over the pre-
vious 6 months, and a moderate degree of malnutrition was defined as a BMI of less than 20 and a weight loss of 
more than 5%.
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Subgroup and Secondary Analyses

There were no significant interactions between 
study group and any prespecified subgroup with 
respect to 30-day mortality (PԜ=Ԝ0.15 to PԜ=Ԝ0.83) 

(Fig. S4 in the Supplementary Appendix). The re-
sults were similar after adjustment for nonadher-
ence (relative risk of death at 30 days, 0.96; 95% 
CI, 0.85 to 1.09; PԜ=Ԝ0.55).

Table 2. Nonadherence, Clinical Management, and Serious Adverse Events.*

Variable
Parenteral Group 

(N = 1191)
Enteral Group 

(N = 1197)

Any nonadherence to delivery of nutritional support during intervention 
period — no. (%) 150 (12.6) 127 (10.6)

Median time from ICU admission to initiation of early nutritional support 
(IQR) — hr

24 (17–30) 22 (16–28)

Total calories received during intervention period — kcal/kg 89±44 74±44

Total protein received during intervention period — g/kg 3±2 3±2

Gastric residual volume — ml†

Total aspirated during intervention period 35±265 958±1312

Total replaced during intervention period 24±170 618±863

Patients receiving prokinetic drug during intervention period — no. (%)† 26 (2.2) 426 (35.6)

Blood glucose during intervention period — mg/dl

Daily lowest 127±25 118±26

Daily highest 183±43 181±45

Patients receiving insulin during intervention period — no./total no. (%) 694/1184 (58.6) 668/1191 (56.1)

Patients receiving vasoactive agents during intervention period —  
no./total no. (%)

958/1184 (80.9) 1007/1191 (84.6)

Median no. of days from randomization to initiation of exclusive oral 
feeding (IQR)

14 (5–36) 13 (5–32)

Serious adverse events — no. (%)‡

Any 58 (4.9) 58 (4.8)

Specified§

Abdominal distention 1 (0.1) 2 (0.2)

Electrolyte disturbance 8 (0.7) 5 (0.4)

Hypoglycemic episode 5 (0.4) 3 (0.3)

Ischemic bowel 8 (0.7) 11 (0.9)

Jaundice 1 (0.1) 1 (0.1)

Pneumothorax 1 (0.1) 1 (0.1)

Elevated liver enzymes 3 (0.3) 7 (0.6)

Regurgitation or aspiration 2 (0.2) 4 (0.3)

Vomiting 1 (0.1) 1 (0.1)

Unspecified¶ 39 (3.3) 30 (2.5)

* Plus–minus values are means ±SD. Data completeness for nutritional support ranged from 97 to 100%. The interven-
tion period extended from the initiation of nutritional support to 120 hours or until transition to exclusive oral feeding, 
discharge from the ICU, or death.

† Data in this category were recorded only for patients receiving nutritional support through the enteral route, including 
patients who crossed over from the parenteral group.

‡ Adverse events were assessed as serious if they involved prolonging of hospitalization, resulted in persistent or sub-
stantial disability or incapacity, or were life-threatening or fatal. P = 1.00 for the between-group difference.

§ The following specified serious adverse events did not occur in either study group: abdominal pain, hemopneumotho-
rax, hepatomegaly, hyperosmolar syndrome, hypersensitivity reaction (anaphylactic reaction), nausea requiring treat-
ment, or vascular catheter-related infection.

¶ A list of individual unspecified serious adverse events is provided in Table S7 in the Supplementary Appendix.
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Discussion

Our study showed that among adults with an un-
planned ICU admission for whom early nutri-
tional support could be provided through either 
the parenteral or the enteral route, there was no 
significant difference in mortality at 30 days ac-
cording to the route of delivery. In addition, there 
was no significant interaction on the basis of 

age, the degree of existing malnutrition, the se-
verity of illness, or the timing of the initiation of 
nutritional support. The enteral route was associ-
ated with significantly more episodes of hypogly-
cemia and vomiting, but there were no signifi-
cant between-group differences in the duration 
of organ support, the number of infectious com-
plications, the length of stay in the ICU or total 
hospital stay, or the duration of survival up to 
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Figure 2. Daily SOFA Score and Protein and Caloric Intake from Days 1 to 6.

Panel A shows the Sequential Organ Failure Assessment (SOFA) scores for the 24 hours before randomization (baseline) and from day 1 
to day 6. SOFA scores range from 0 to 24, with higher scores indicating a greater degree of organ failure. Also shown are the total 
amounts of protein (Panel B) and calories (Panel C) received per kilogram of actual or estimated body weight. Panel D shows the per-
centage of patients in whom the target of 25 kcal per kilogram of body weight per day was met. The dark-colored bars show the percent-
age of patients in whom the target was met after adjustment for partial days of feeding (e.g., after the death of a patient). Day 1 data are 
the values from the time of initiation to the end of the day of initiation of nutritional support. In Panels A to C, the horizontal lines within 
the boxes indicate medians, the lower and upper ends of the boxes the 25th and 75th percentiles, respectively, and the I bars the 1st and 
99th percentiles.
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Table 3. Primary and Secondary Outcomes.*

Outcome
Parenteral Group  

(N = 1191)
Enteral Group  

(N = 1197)

Absolute Difference  
between Groups 

(95% CI)
Relative Risk  

(95% CI) P Value

Primary outcome: death within 30 days 
— no./total no. (%) 393/1188 (33.1) 409/1195 (34.2) 1.15 (−2.65 to 4.94)† 0.97 (0.86 to 1.08)‡ 0.57§

Secondary outcomes

No. of days alive and free of 
specified organ support 
up to 30 days¶

Free of advanced respiratory 
support

14.3±12.1 14.3±12.2 0.04 (−0.94 to 1.01) 0.94

Free of advanced cardiovascular 
support

18.9±13.5 18.5±13.6 0.41 (−0.63 to 1.53) 0.44

Free of renal support 19.1±13.9 18.8±14.0 0.26 (−0.85 to 1.47) 0.66

Free of neurologic support 19.2±13.8 18.9±14.0 0.34 (−0.81 to 1.36) 0.57

Free of gastrointestinal support 13.0±11.7 13.2±11.8 −0.12 (−1.05 to 0.80) 0.81

No. of treated infectious complica-
tions per patient∥

0.22±0.60 0.21±0.56 0.01 (−0.04 to 0.06) 0.72

Noninfectious complications — 
no./total no. (%)

Episodes of hypoglycemia 44/1191 (3.7)** 74/1197 (6.2)†† 2.49 (0.75 to 4.22)† 0.006§

Elevated liver enzymes 212/1191 (17.8) 179/1197 (15.0) −2.85 (−5.81 to 0.12)† 0.07§

Nausea requiring treatment 44/1191 (3.7) 53/1197 (4.4) 0.73 (−0.85 to 2.32)† 0.41§

Abdominal distention 78/1191 (6.5) 99/1197 (8.3) 1.72 (−0.38 to 3.82)† 0.12§

Vomiting 100/1191 (8.4) 194/1197 (16.2) 7.81 (5.20 to 10.43)† <0.001§

New or substantially worsened 
pressure ulcers

181/1190 (15.2) 179/1195 (15.0) −0.23 (−3.10 to 2.64)† 0.91§

Median no. of days in the ICU 
(IQR)‡‡

8.1 (4.0–15.8) 7.3 (3.9–14.3) 0.15

Median no. of days in acute care 
hospital (IQR)§§

17 (8–34) 16 (8–33) 0.32

Death — no./total no. (%)¶¶

In the ICU 317/1190 (26.6) 352/1197 (29.4) 0.91 (0.80 to 1.03) 0.13§

In acute care hospital 431/1185 (36.4) 450/1186 (37.9) 0.96 (0.86 to 1.06) 0.44§

By 90 days 442/1184 (37.3) 464/1188 (39.1) 0.96 (0.86 to 1.06) 0.40§

* Plus–minus values are means ±SD.
† This value is the absolute risk reduction between event rates.
‡ The adjusted odds ratio from multiple logistic regression was 0.95 (95% CI, 0.79 to 1.13; P = 0.55).
§ This P value was calculated with the use of Fisher’s exact test.
¶ Data on the number of days alive and free of organ support were not available for 5 patients in the parenteral group and 2 in the enteral group.
∥ Infectious complications in 224 of 262 patients (85.5%) in the parenteral group and in 215 of 253 patients (85.0%) in the enteral group 

were confirmed on laboratory testing.
** A total of 25 these episodes occurred during the first 6 days, and the mean (±SD) of the lowest blood glucose levels was 57±15 mg per 

deciliter (3.2±0.8 mmol per liter).
†† A total of 48 of these episodes occurred during the first 6 days, and the mean of the lowest blood glucose levels was 54±15 mg per deciliter 

(3.0±0.8 mmol per liter).
‡‡ The number of days in the ICU was not available for 1 patient in the parenteral group.
§§ The numbers of days in an acute care hospital were not available for 6 patients in the parenteral group and 11 in the enteral group.
¶¶ The adjusted odds ratios from multiple logistic regression were 0.86 (95% CI, 0.71 to 1.04; P = 0.12) for death in the ICU, 0.93 (95% CI, 

0.78 to 1.11; P = 0.43) for death in an acute care hospital, and 0.93 (95% CI, 0.77 to 1.11; P = 0.39) for death by 90 days.
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90 days. The target delivery of 25 kcal per kilo-
gram per day was not reached in a majority of the 
patients in each study group.

There is debate about both the route of deliv-
ery and the dose of clinically supplied nutrition, 
and the aim of our study was to address solely 
the question of route. Set in a real-world context, 
our study had two major findings. First, there 
was no significant difference in outcome be-
tween the two study groups. Although there was 
a trend toward more gastrointestinal side effects 
with the enteral route, the reported increase in 
infectious complications that have been associ-
ated with the parenteral route was not observed. 
Possible contributory reasons are improvements 
in current management of vascular access27 and 
prevention of ventilator-associated pneumonia,28 
as well as developments in feeding technology. 
Second, there was no significant difference in 
effective nutritional delivery, since patients in the 
two groups did not receive the caloric targets. 
Although these findings are consistent with 
those of previous trials evaluating the enteral 
route in critically ill patients,6,7 the presump-
tion is that the parenteral route is more reliable 
in guaranteeing delivery.10,11 Possible contribu-
tory reasons as to why the parenteral route did 
not meet its caloric target include lack of avail-
ability of nutritional product, content (the use of 
commercially available rather than individually 
titrated product), delivery (delays or interruptions 
in delivery for procedures, transfers, patient fac-
tors, etc.), and clinical preference. However, the 
amount of nutrition that was delivered was con-
sistent with amounts in previous studies in 
which delivery also fell short of the target in this 
population, suggesting that there are substantial 
practical and organizational impediments for 
both routes of delivery, at least during an initial 
5-day period. However, the similar between-
group caloric intake reinforces the design of our 
study to focus on the evaluation of the delivery 
route uncomplicated by dose.

Our study was conducted in ICUs in England 
that had preexisting, established protocols for 
the delivery of parenteral and enteral nutrition, 
prevention of bloodstream infections and venti-
lator-associated pneumonia, and glycemic con-
trol. It was designed as a pragmatic effectiveness 
study and represents the reality of current criti-
cal care practice in the English National Health 
Service. Although the study had a large enroll-

ment, the results are generalizable only to the 
specific population that we studied. It was rigor-
ously conducted, with the study groups well 
balanced at baseline and early initiation of nu-
tritional support, as intended. Blinding was 
deemed to be impractical and, although the 
primary outcome was objective, some of the 
secondary outcomes, though defined and objec-
tively assessed, may have been more vulnerable 
to observer bias. We selected an objective, docu-
mented clinical definition of a new infection 
— one that was laboratory-confirmed or for 
which there was sufficient conviction to treat the 
patient. Though the measurement of the residu-
al gastric volume has recently been questioned,29 
the overall feeding performance through the 
enteral route in our study was similar to their 
findings, and the rates of vomiting and infec-
tious complications in our study were lower.

How do our findings compare with those in 
other recent trials on nutritional support in the 
critically ill? In the Early Parenteral Nutrition 
Completing Enteral Nutrition in Adult Critically 
Ill Patients (EPaNIC) trial,10 which was con-
ducted in two hospitals (seven units) recruiting 
patients who required parenteral nutrition and 
using tight glycemic control, investigators found 
an association between supplemental parenteral 
nutrition delivered within 48 hours after presen-
tation and an increased number of infectious 
episodes and days of mechanical ventilation, 
less hypoglycemia, and no difference in 90-day 
mortality. These differences were found for sub-
groups of cardiac surgical patients and other 
critically ill patients. Post hoc analyses suggest-
ed a dose–response relationship between an in-
creased amount of parenteral nutrition and an 
increased rate of infectious episodes.30 Despite 
important differences between our study and the 
EPaNIC trial and between the two study groups 
in EPaNIC, our results potentially support their 
hypothesis that among patients receiving early 
supplemental parenteral nutrition, the dose is 
more associated with harm than is the route of 
delivery. In a trial conducted at two sites, Hei-
degger et al.11 found no difference in the rate of 
infection between day 8 and day 28 among pa-
tients who started receiving individually opti-
mized parenteral nutrition to supplement inad-
equate enteral intake on day 4 and patients 
receiving only enteral nutrition.11 In a trial con-
ducted at 31 sites involving patients with relative 
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contraindications to enteral nutrition, Doig et al.31 
found no differences in 60-day mortality and the 
number of infectious episodes but fewer days of 
mechanical ventilation in patients receiving early 
parenteral nutrition, as compared with standard 
care. However, in the standard-care group, 27% of 
patients received early parenteral nutrition and 
41% received no nutritional support.31 In draw-
ing any comparison, it must be noted that in our 
study, we asked a different research question in 
a different population of critically ill patients.

Our study leaves unanswered the question of 
nutritional dose and the determination of energy 
and protein or amino acid requirements for criti-
cally ill patients. We specifically did not com-
pare an individualized enteral feeding regimen 
(that allows for increased amounts in patients 
who can tolerate enteral feeding) with its paren-
teral equivalent (with individualized monitoring 
of metabolic and protein balance). However, 
our findings suggest that early nutritional sup-
port through the parenteral route, as it is typi-

cally administered, is neither more harmful nor 
more beneficial than such support through the 
enteral route.

The views expressed in this article are those of the authors 
and do not necessarily reflect those of the Health Technology 
Assessment Program of the National Institute for Health Re-
search, National Health Service, or the Department of Health.

Supported by a grant from the Health Technology Assessment 
Program of the United Kingdom National Institute for Health 
Research (project no. 07/52/03).

Ms. Bear reports receiving consulting fees from Nutricia, 
lecture fees from Nestle Nutrition, travel support from Nutricia 
and Baxter, and grant support through her institution from 
Corpak MedSystems UK; Ms. Segaran, receiving travel support 
from Abbott Nutrition; Dr. Beale, receiving consulting and lec-
ture fees from Nestle Nutrition and grant support from Frese-
nius Kabi (all through his institution), and negotiating an un-
restricted research grant from Nestle Nutrition (through the 
European Society of Intensive Care Medicine); and Dr. Mythen, 
receiving lecture fees from Fresenius Kabi and Baxter and grant 
support from Fresenius Kabi and holding a patent related to 
methods and apparatus for guiding medical care based on de-
tected gastric function through Medical Defence Technologies. 
No other potential conflict of interest relevant to this article was 
reported.

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

References
1. Gramlich L, Kichian K, Pinilla J, Ro-
dych NJ, Dhaliwal R, Heyland DK. Does 
enteral nutrition compared to parenteral 
nutrition result in better outcomes in 
critically ill adult patients? A systematic 
review of the literature. Nutrition 2004; 
20:843-8.
2. Heyland DK, Dhaliwal R, Drover JW, 
Gramlich L, Dodek P. Canadian clinical 
practice guidelines for nutrition support 
in mechanically ventilated, critically ill 
adult patients. JPEN J Parenter Enteral 
Nutr 2003;27:355-73.
3. Simpson F, Doig GS. Parenteral vs. 
enteral nutrition in the critically ill pa-
tient: a meta-analysis of trials using the 
intention to treat principle. Intensive Care 
Med 2005;31:12-23.
4. Martindale RG, McClave SA, Vanek 
VW, et al. Guidelines for the provision 
and assessment of nutrition support ther-
apy in the adult critically ill patient: Soci-
ety of Critical Care Medicine and Ameri-
can Society for Parenteral and Enteral 
Nutrition: executive summary. Crit Care 
Med 2009;37:1757-61.
5. Singer P, Berger MM, Van den Berghe 
G, et al. ESPEN guidelines on parenteral 
nutrition: intensive care. Clin Nutr 2009; 
28:387-400.
6. De Jonghe B, Appere-De-Vechi C, 
Fournier M, et al. A prospective survey of 
nutritional support practices in intensive 
care unit patients: what is prescribed? 
What is delivered? Crit Care Med 2001; 
29:8-12.

7. Engel JM, Muhling J, Junger A, Meng-
es T, Karcher B, Hempelmann G. Enteral 
nutrition practice in a surgical intensive 
care unit: what proportion of energy ex-
penditure is delivered enterally? Clin Nutr 
2003;22:187-92.
8. Boitano M, Bojak S, McCloskey S, Mc-
Caul DS, McDonough M. Improving the 
safety and effectiveness of parenteral nu-
trition: results of a quality improvement 
collaboration. Nutr Clin Pract 2010;25: 
663-71.
9. Naylor CJ, Griffiths RD, Fernandez 
RS. Does a multidisciplinary total paren-
teral nutrition team improve patient out-
comes? A systematic review. JPEN J Par-
enter Enteral Nutr 2004;28:251-8.
10. Casaer MP, Mesotten D, Hermans G, 
et al. Early versus late parenteral nutrition 
in critically ill adults. N Engl J Med 2011; 
365:506-17.
11. Heidegger CP, Berger MM, Graf S, et 
al. Optimisation of energy provision with 
supplemental parenteral nutrition in criti-
cally ill patients: a randomised controlled 
clinical trial. Lancet 2013;381:385-93.
12. Harrison DA, Brady AR, Rowan K. 
Case mix, outcome and length of stay for 
admissions to adult, general critical care 
units in England, Wales and Northern Ire-
land: the Intensive Care National Audit 
and Research Centre Case Mix Programme 
Database. Crit Care 2004;8:R99-R111.
13. High impact intervention no 1: cen-
tral venous catheter care bundle. London: 
National Health Service, 2007 (http:// 

webarchive.nationalarchives.gov.uk/ 
20130107105354/http://www.dh.gov.uk/
prod_consum_dh/groups/dh_digitalassets/ 
@dh/@en/documents/digitalasset/dh 
_078120.pdf).
14. Reducing the harm caused by mis-
placed nasogastric feeding tubes — pa-
tient safety alert. London: National Patient 
Safety Agency, February 2005 (http://
www.nrls.npsa.nhs.uk/resources/?EntryId 
45=59794).
15. How to confirm the correct position 
of nasogastric feeding tubes in infants, 
children and adults — interim advice for 
healthcare staff. London: National Patient 
Safety Agency, 2005 (http://www.nrls.npsa 
.nhs.uk/resources/?EntryId45=59794).
16. Dellinger RP, Levy MM, Rhodes A, et 
al. Surviving Sepsis Campaign: interna-
tional guidelines for management of se-
vere sepsis and septic shock: 2012. Crit 
Care Med 2013;41:580-637.
17. Harvey S, Harrison DA, Singer M, et 
al. Assessment of the clinical effective-
ness of pulmonary artery catheters in 
management of patients in intensive care 
(PAC-Man): a randomised controlled trial. 
Lancet 2005;366:472-7.
18. Grant AM, Altman DG, Babiker AB, et 
al. Issues in data monitoring and interim 
analysis of trials. Health Technol Assess 
2005;9:1-238.
19. Harvey SE, Parrott F, Harrison DA, 
Mythen M, Rowan KM. The CALORIES 
trial statistical analysis plan. Crit Care 
Resusc (in press).

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on October 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

John Vogel




n engl j med nejm.org12

Early Nutritional Support in Critically Ill Adults

20. Harrison DA, Parry GJ, Carpenter JR, 
Short A, Rowan K. A new risk prediction 
model for critical care: the Intensive 
Care National Audit and Research Centre 
(ICNARC) model. Crit Care Med 2007;35: 
1091-8.
21. van Buuren S, Boshuizen HC, Knook 
DL. Multiple imputation of missing blood 
pressure covariates in survival analysis. 
Stat Med 1999;18:681-94.
22. Thompson SG, Barber JA. How should 
cost data in pragmatic randomised trials 
be analysed? BMJ 2000;320:1197-200.
23. Knaus WA, Draper EA, Wagner DP, 
Zimmerman JE. APACHE II: a severity of 
disease classification system. Crit Care 
Med 1985;13:818-29.
24. Fischer K, Goetghebeur E, Vrijens B, 
White IR. A structural mean model to al-
low for noncompliance in a randomized 
trial comparing 2 active treatments. Bio-
statistics 2011;12:247-57.

25. Greenland S. An introduction to in-
strumental variables for epidemiologists. 
Int J Epidemiol 2000;29:722-9.
26. Vincent JL, Moreno R, Takala J, et al. 
The SOFA (Sepsis-related Organ Failure 
Assessment) score to describe organ dys-
function/failure. Intensive Care Med 1996; 
22:707-10.
27. Bion J, Richardson A, Hibbert P, et al. 
‘Matching Michigan’: a 2-year stepped 
interventional programme to minimise 
central venous catheter-blood stream in-
fections in intensive care units in England. 
BMJ Qual Saf 2013;22:110-23.
28. High impact intervention no 5: care 
bundle for ventilated patients (or tracheos-
tony where appropriate). London: National 
Health Service, 2007 (http://webarchive 
.nationalarchives.gov.uk/20130107105354/
http://www.dh.gov.uk/prod_consum_dh/
groups/dh_digitalassets/@dh/@en/ 
documents/digitalasset/dh_078124.pdf).

29. Reignier J, Mercier E, Le Gouge A, et al. 
Effect of not monitoring residual gastric 
volume on risk of ventilator-associated 
pneumonia in adults receiving mechani-
cal ventilation and early enteral feeding: a 
randomized controlled trial. JAMA 2013; 
309:249-56.
30. Casaer MP, Wilmer A, Hermans G, 
Wouters PJ, Mesotten D, Van den Berghe 
G. Role of disease and macronutrient dose 
in the randomized controlled EPaNIC 
trial: a post hoc analysis. Am J Respir Crit 
Care Med 2013;187:247-55.
31. Doig GS, Simpson F, Sweetman EA, et 
al. Early parenteral nutrition in critically 
ill patients with short-term relative con-
traindications to early enteral nutrition: 
a randomized controlled trial. JAMA 
2013;309:2130-8.
Copyright © 2014 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on October 1, 2014. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 

John Vogel


John Vogel




n engl j med 372;5 nejm.org january 29, 2015 487

c o r r e s p o n d e n c e

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Trial of the Route of Early Nutritional Support in Critically  
Ill Adults

To the Editor: In reporting the results of the 
CALORIES trial, Harvey and colleagues (Oct. 30 
issue)1 indicate that the route of delivery of early 
nutritional support in the intensive care unit 
(ICU) does not alter patient outcomes. This mes-
sage contradicts the widely held belief that the 
enteral route, which is more physiological, is to 
be preferred. However, we think that there is an-
other implicit message: this study suggests that 
the role of nutritional support in the ICU should 
be reconsidered. Past evidence has led researchers 
to implement an overzealous approach to nutri-
tional support in patients in the ICU. Given the 
results from the present study, we should proba-
bly take a step backward. There is still an unan-
swered question regarding which critically ill 
patients should receive early nutritional support. 
Some recent trials1-3 suggest that such patients 
may be those with depleted body stores due to 
malnutrition rather than all those who are at nu-
tritional risk as a consequence of critical illness. 
We believe that targeting early nutritional support 
to the right patients constitutes a key point that 
should be addressed.

Once that question is addressed, we could 
focus again on timing, the route of delivery, 
protein and caloric targets, and nutrients that 
have putative pharmacologic activity.
Emanuele Cereda, M.D., Ph.D. 
Riccardo Caccialanza, M.D.
Fondazione IRCCS Policlinico San Matteo 
Pavia, Italy 
e.cereda@smatteo.pv.it
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To the Editor: The external validity of the 
study by Harvey et al. is questionable in our 
view. The inclusion criteria do not adhere to 
standards of care1,2 based on updated literature 
(see www.criticalcarenutrition.com). These stan-
dards call for the preferential use of enteral nu-
trition in patients who are able to receive it. The 
area in which experts and guidelines disagree is 
the timing of supplemental parenteral nutrition 
in patients who are unable to receive sufficient en-
teral nutrition without unacceptable side effects.3,4 
The lack of advantage of early parenteral nutri-
tion in the CALORIES study is not surprising, 
given that some patients may not have needed any 
nutritional support and the most appropriate route 
was not assessed in other patients in this trial. 
Both the low protein intake and the low caloric 
intake, as well as the low number of patients per 
center, are other major concerns. In our view, the 
primary outcome, all-cause mortality at 30 days, 
was also unlikely to be related to the efficacy of 
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the therapeutic interventions. The contribution 
of this study would have been much more valu-
able after a selection of patients in whom the 
adequacy of nutrition mattered and could be 
properly evaluated.

Jean-Charles Preiser, M.D., Ph.D.
Erasme University Hospital 
Brussels, Belgium

Vincent Fraipont, M.D.
Centre Hospitalier Régional de la Citadelle 
Liege, Belgium
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To the Editor: In my view, the CALORIES trial 
fails to support the hypothesis that the paren-
teral route is superior to the enteral route for the 
delivery of early nutritional support in adults. Ac-
cording to the trial design, even patients who 
were assigned to the parenteral group received 
the benefits of enteral nutrition. A significant 
number of patients in the parenteral group re-
ceived enteral nutrition both during the 120-hour 
period and after it. Among 700 patients in the 
parenteral group, only 13 patients (1.9%) exclu-
sively received parenteral nutrition after the in-
tervention. Extrapolation of such a short dura-
tion of parenteral nutrition with or without 
enteral nutritional support to estimate the effect 
on mortality at 30 days is not ideal. Data about 
coexisting diseases such as diabetes mellitus, 
hypertension, congestive heart failure, and chronic 
obstructive pulmonary disease — all of which 
may have an important effect on secondary out-
come measures — are not mentioned. The sum-
mary of the original protocol (available with the 

full text of the article at NEJM.org) mentions a 
primary objective to estimate the incremental 
cost-effectiveness of early parenteral nutrition 
as compared with early enteral nutrition at 1 year. 
I do not find mention of this in the article.

Madhusudan Ramamurthy, M.B., B.S.
Sakra World Hospital 
Bengaluru, India 
madhusudanr@ymail.com
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The Authors Reply: CALORIES was a pragmatic 
trial evaluating the effectiveness of the paren-
teral route as compared with the enteral route for 
early nutritional support in critically ill adults. 
Nutritional support was initiated within 36 hours 
after unplanned admission to one of a represen-
tative sample of ICUs in England and was used 
exclusively for 120 hours.

The suggestion by Cereda and Caccialanza that 
critically ill patients should receive early nutri-
tional support only if they are malnourished is 
interesting but not directly relevant to our trial. 
Therefore, we do not believe that our data can be 
interpreted either to support or to refute their 
hypothesis, which we agree merits further con-
sideration.

Preiser and colleagues appear to advocate 
opinion-based guidelines and a meta-analysis of 
small, older, and methodologically compromised 
studies, rather than evidence from a large, rigor-
ous, randomized, controlled trial. We disagree 
with such an approach. Contrary to their asser-
tion, all patients recruited into the CALORIES 
trial met standard criteria to receive nutritional 
support, as our article made clear. Moreover, ef-
fectiveness, not efficacy, was tested in our prag-
matic trial. Despite their belief that mortality 
was unlikely to be affected by the route of nutri-
tional support, the meta-analysis by Simpson and 
Doig1 suggested otherwise. The energy intake 
and protein intake in our pragmatic trial were 
similar to or greater than those in other studies 
of nutritional support in clinical practice.2 In 
addition, the number of eligible patients recruit-
ed per center was greater than that in another 
recent, large, multicenter trial of nutritional sup-
port in intensive care.3

Ramamurthy’s statement that benefits are as-
sociated with the use of the enteral route rather 
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than the parenteral route is not supported by our 
trial. Our aim was to evaluate the effect of the 
route for the delivery of early nutritional sup-
port, and the number of patients in the paren-
teral group who were fed enterally during the 
120-hour intervention period was small. Base-
line characteristics, including coexisting condi-
tions, were well balanced between the groups 
and were summarized in Table 1 of our article. 
A 1-year follow-up study is under way to assess 
longer-term outcomes and to provide an inte-
grated economic evaluation.
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Etanercept Tapering in Rheumatoid Arthritis

To the Editor: The study by Emery et al. (Nov. 6 
issue)1 contravenes the recommendations not to 
use biologic agents as first-line treatment for 
rheumatoid arthritis. Furthermore, the study uses 
biased control groups (methotrexate monotherapy 
and placebo) and does not compare the combina-
tion treatment (etanercept plus methotrexate) 
with a balanced combination of disease-modify-
ing antirheumatic drugs (DMARDs). Several 
studies have shown that such a combination is as 
effective as biologic treatment, especially when 
combined with a short-term initial course of glu-
cocorticoids.2-4

Owing to a lack of comparison with DMARD 
combination therapy, the conclusion of the study 
is inappropriately biased in favor of etanercept. 
The correct first-line treatment algorithm for 
rheumatoid arthritis includes DMARD mono-
therapy and combination therapy. Biologic agents 
should be reserved as second-line therapy for 
patients with rheumatoid arthritis who have an 
insufficient response to combination DMARD 
treatment.
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The Authors Reply: Graudal and Jürgens con-
tend that our study contravenes recommendations 
not to use biologic agents as first-line therapy for 
rheumatoid arthritis. The recommendations of the 
European League against Rheumatism (EULAR) 
in 2010,1 when the study started, stated that bio-
logic agents could be used first in the case of 
severe disease. In 2013, the recommendations2 
were modified (not by unanimous decision) to 
suggest that conventional synthetic DMARDs be 
used first. Graudal and Jürgens also indicate that 
a comparison with methotrexate monotherapy 
rather than with combination DMARDs biased 
the study. However, the 2013 EULAR recommen-
dations do not endorse initial triple therapy but 
suggest initial methotrexate monotherapy, albeit 
plus glucocorticoids.
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